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WO 2004/ 050332 PCT/ US2003/ 033232 METHODS AND DEVI CES
FOR PROCESSI NG POLYMER FILMS Field of the I nvention

w@20e05038y, the present invention relates to ne¢hos®03/033232
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Summary of the Invention

Generally, the present invention relates to methods and devices for processing
polymer films. One embodiment is an apparatus for stretching a film. The apparatus
includes a conveyor and an isolated take-away system. The conveyor is configured and
arranged to convey the film along a machine direction within the apparatus. The conveyor

includes gripping members that are configured and arranged to hold opposing edge
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portions of the film A portion of the conveyor is
configured and arranged to provide diverging paths

w@bwagsoskt ch the gri ppi ng nmenbers nove to strepchusive3/033232

film The isolated take-away systemreceives the film
fromthe conveyor after stretching the film The take-
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take -away regions of the film and convey the film along the second set of opposing tracks.

The second take-away regions are disposed nearer a center of the film than the first take-

away regions.
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Anot her enbodi nent is an apparatus for processing a
film The apparatus includes a conveyor and an

w0 salased2 t ake- away system The conveyor has greppsmg3/033232

menbers that hold opposing edge portions of the film
and convey, under |nfluence of a drive nmenber, the
film
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take-away regions of the filmafter a desired anount

wobomgis®Bzhi ng and convey the opposi ng take- anayus2003/033232

regions of the filmalong the opposing tracks. The
opposi ng tracks define a region in which at l[east a
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Figure 2 is a perspective view of a portion of filmin

the prior art progesspe¢adSRiofiithiafufdsoure 1 both
before and after fﬁ'e—st-re%pd'n-n'g—m-msg- Figure 3 is a

bl ockTlgh iaginaiom slapbe mgreioapkteicudediond it @nsideatapealic of

t .present .inventian; Figure.4 is erspective view .
o RGPt s Pt SRS » siratige with
laetabcdngianyife aadimtlifwhichie stretching process; 4 WO

2004/ 050332 PCT/ US2003/ 033232
Figure 1 is a schematic top view of a prior art tenter apparatus used to

stretch film;

Figure 2 is a perspective view of a portion of film in the prior art process
depicted in Figure 1 both before and after the stretching process;

Figure 3 is a block diagram showing steps according to one aspect of the
present invention;

Figure 4 is a perspective view of a portion of film in a uniaxial stretching

process both before and after the stretching process;
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Figure 5 is a schematic illustration of one enbodi nent
of the stretching process and one enbodi nent of a

WG e0ehsi3Bng appar at us accordi ng to the presentPCT/US2003/033232

invention; Figure 6 is a schematic top view of a
portion of a stretching apparatus 5 according to the

pr eserftigurad éni schematiciilustretion Jf Sn@émAetit 6Mhe birdthifing
aﬁ;g\egaetm s _of Ei(gure ;. Fi ggre 8 is a schematic
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SYSTRRE FRRATAusACrIiing fq,the IWEBIORT us according to t he
| nventigary 9 KiaGutiemalid iliutration 6P 6Bt dintdnb'S daftstaBlt 1Rk
tsthl rd.enbodi nent of a take-away systemfor”a

T BRTUPATH S AR 158108 obt eEsiding@Ppasatiheccpidingrio then;
Rh@4fiéh; 13 is a schematic illustration of a fourth
enbodi ment of a take-away 20 systemfor a stretching
appar digys 1Qde o pahiemgtia dlusttagion pfixew embodimehtgifagakbdaviag * a

SRS Gerbih L of .a fifth enbodi nent of a
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L 08 . RS 91 I B
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50" ot TR oL eI i el o A ebon et sy
By stum for 4 stréchif £HAkAR20328n FIC TSNS 033232

Figure 15 is a schematic illustration of another embodiment of tracks for a

primary stretching region of a stretching apparatus according to the invention;
Figure 16 is a schematic side cross-sectional view of one embodiment of
tracks and a track shape control unit for a stretching apparatus according to the
invention;
Figure 17 is a schematic illustration of one embodiment of a take-away
system, according to the invention, for using in, for example, a conventional

stretching apparatus such as that illustrated in Figure 1;
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Figure 18 is a graph of exanples of suitable boundary
trajectories for a primary stretching region of a

WG e0ehsi3Bng appar at us accordi ng to the inventiP@r/US2003/033232

Figure 19 is a graph of exanples of suitable boundary

trajectories for a primary stretching region of a
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devices. In addition, the present invention is

dTeBMdn thepartist Hoembodimpengiedeseribed.f On thstcpattachitivgineotigmie to
oVl HdlNGatims, e@liSaiaNe h%%%t LS GahvGnd e
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achi eve oth Ll LAY, he Biraférmeds Embhdin

I nVenfidedest i y | ] 0.a_nunber of .
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take-away systems to receive the polymer film after stretching. The polymer films can be

¥ =

stretched using these methods and devices to achieve uniaxial or near uniaxial orientation,
if desired. The methods and devices can also be used to achieve other orientation
conditions.

The present invention is applicable generally to a number of different polymer

films, materials, and processes. The present invention is believed to be particularly suited
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to the fabrication of polyner optical filnms. The
met hods and devices can be used, if desired, to nmake

wopiotosd33fi | ms or other filnms having one or noPET/US2003/033232
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and r EXE5 Badsn apeasdanciiv it the Pepsens invertion deayde useflefor a wide

RAMBf prﬁddcﬁﬁn@@d?néo@or@i}ﬁ‘ll)lbt laﬁzé}g rfmelcﬁw ﬁ%lgﬁzeps P%Hr%[c

20 f1lms. Th efgp ymeric fil o cohprise’layers
dplarizs, glignsd e P@Yﬁd@cllrmgpolﬁmem, aluptbmgadolaerfzére,came regardérs

f ectlv rlzers uch
glgéllﬁ%yaﬁ{s ?et%'&eggj ’If.y%l ﬁglﬁ{n%r #%ns ca% % nsnnlglggay%r @g?ymer
586 718 16 ]ynterio Hifm Ofidy aléy cbilikm@@ﬁyerﬁﬁﬁdtrﬁuéc?lﬁe Bddsand form
Ser 09/871, 130. and

U. S. . Pat ent p).i.cation

b Er B e PR R B B OR D aTetioh r Srrrigg in US.
PedeRts BI0E.€5,788126,65,§33] 4BEI, 847,31886,0590 611 N6, | LI 6C ARt d, 19948 5nd
gﬁ?ltlonal 25 Ia ers that are rOV|ded before or

& Ptea?%ﬂﬁlﬁ@t“’“ﬁﬁ% Neg 08f87§’éﬁ%af§ltﬂ9f6§é,l4é0 @l af whish agnd
RYPoRAMRr LB e iRE e | Thebd ;%1;&9?%{]% camncl@de%gﬁln%g 8¢ additional

i ncor por ated Herein by reference
&ypis dhatrena provided deford orafier drawing Exanipled @f srdnh duitasla boatings and

I t h extrudable orientin
BRI ERgng) FFSLPugHED, 5ol Lne GO HERDRS oy rBends
eo«mrqnhlmdﬁﬁerms thfbs;efyhﬂer ﬁMlﬁhd’luﬂétald@lﬁohaS p&lafizihgtl¥héds fuch as melt

r..of V|nyI ? (PVA) that is fornmed on the
SEERHIR priEgl S e pa iz AR BN By Oereample of a
Sidﬁﬁtcﬁxﬁhltrﬂ&l&lhﬁa ﬁltﬁ mth INge: &f@o&@ﬁypﬁcoﬂgﬁtﬁ’VAg tﬂﬁﬁ f%;fﬁx%gedtog the

forma dichroic larizing l'ayer
fil04 € cateh o th@ 1 nagr,xqg toyor after stretchmg the film. The PVA can be post-

processed to form a dichroic polarizing layer, e.g. through an iodine staining, acid
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WD 2004/ 050332 PCT/ US2003/ 033232 dehydrati on or dye
enbeddi ng net hods. The substrate may itself be a

woenalosisdz ¢ filmor a multilayer constructi onp@i/UR2008/033232

wi t hout optical reflective power. Exanples of PVA
films suitable for use in this construction can be
a { 6 g}
d&lgﬁratlonr %lrt ga e]i[]lge(}de n ord(gjf ‘é’l%eésﬁlge ]’qsm lts%n'be? {)hthlc ﬁl?l ora
tﬂnﬁﬂ@af danstrilcéibn ith Erswﬂﬁodt beticalvefertivopowes. Esarﬁples of PVA films

BN BTt i it e Ao hir U R N g

Qcopsrated BElegiBynefetenehancenent fil mused in a display
(for exanple, a liquid crystal display) or

mi cr denesppligAtion of R BUTIEH (9B BEAEY BRfHisgS agemponent in
V&L GREas I656HLMBRIp IS AW Heﬂnspﬁ‘i@t@x@ 'Téjréfflﬁ@al‘ﬂ b4} phd)&ction systems
present invention nay be used with a length oriénter
poasreRightaessienhaneemen® film ugpd ires display (fer ggpwplessliquid s
ﬁ&p@,@%‘? L3G ﬁsélﬁl m M&Qfd a ﬁ%%e ggte&jﬂﬁpﬁlé h\M &chnbed below in
reference ree mutu ort hogona

agordesqeoyith thgptesent heentino hnam be dseldemlhl adnngt}MS))qnter tdmpake a mirror.
transverse direction r tio

(D P el Bt et o e Bt e ¥t
rdibrence @&&r&fmdtﬁkﬂlyfdrﬂhﬂgonalsaxéd dou®$poadiagltd the naghirieadidctiohN®ID),
stretchina process stretches_a region 20 of the film
thedmnsyarse direatian (E3hPadythe a?m'ahd@&ﬂ?rbm?)f iTfgse axes correspond to

aR\ilE UeARth ARd Acknd®f EHEQﬂhné% il sfrgied § irPlflgnhr% 4! fife Q?e'ik%ﬁf%'
direction al ong which t Im travel s"through a

process stirtehys desgiel0 of ctnhe fémafrqm an injtigbconfigerptien A4 ta g final
AR T AR i KU LABPURLDS, dhAEhLP B
mpvdlmgrmnglh a stmtclmmdame rfomaﬂpbabe apparatuktae ilivstrated in Figure 5.

rection i.s orthagonal
gJB? PUSYBTFAEreGRALS g‘%l 5§7°“¥‘8 ai“ﬁ 8"4’% tﬁ/D*H%‘Es"fg*f r@ﬁ‘s"ﬁ“ﬂ s Qgthogonal to
itfeandeRinY AREctibh.| The #ddmbl Gtétteon3s bishogoldll @ ot MAPERNMTIPEnda
process accor din to t he resent invention. In st ep

3orrespords generlly $o &g Hrkngss & erﬁwwf tegobgenfimyppar at us
for Sﬁlgﬁ‘lte%hé AR Y Qla%ﬂa}nr@f a pfRess QE& le‘Pé ﬁr@é@ﬂﬂ ih¥ention. In

i ncl udés a precondi tioning step I'mis
step 80, dheefilm in seppdipd guiprovifiel to fin apnarasuscfpn atrswhing yhe film. The

oosc‘éss %otr1] naLY 1ncleu(aes ag%rgcoegltlomn ?peﬁ 3@'@ [‘Jﬂlg ‘g:%n?c\ﬁg&j m slie%njh The

us 1n°s
|ﬁ11h ugsdpnaﬁa]s poﬂe:oedlrbawdmemp 4. Heé‘ﬂméﬁ ehone mpﬂfea;tretshmg
and net.hod gg the invention. It will be recognized
PAREANYSHB S15P 3tess il lustrated by Figure 3 can be

acc onpl%m%fsadu#ﬁtea IndREORIMIIP6 B BeRhink ApPrat@d A RN the
apart froma stretching apparatus (which at a m ninmum

pléaemmnnﬂt willdys reogpyzedthefihepraoess tpgeted by &igyre hepnde
h&{éehﬁnge&a&%&é scﬁh&??{) PHamANS agzm ?anea s@lfetcmggppmms

non tretching functions exanpl nctions
Kwkncbstelnmadmby psttfcarps s@ﬁ) 34 8Xig86 3 nrithe@Byneior ngst additiedali n
rfor

gpéﬂlléﬁﬁ%ﬂffrﬁoémgﬁlg ot ‘3{’{3 of hl% non-stretc% ing 1113 tlogs Or exampleé, funé/tlons

represented by steps 30, 32, 36 and 38) illustrated in Figure 3 and shown in Figure 5 as
being performed by a stretching apparatus.
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8 WD 2004/ 050332 PCT/ US2003/ 033232 In the illustrated
enbodi nrent of Figure 5, the apparatus includes a

wo e@iuo5033D where the film40 is introduced i nteCt/182003/033232
stretching apparatus. The filmcan be provided by any
desirabl e nethod. For exanple, the filmcan be

pr odudgthe iilfusRate®bhbsdimexrt ReFigh@rsMmng Bﬁba?ﬁ!%ﬂncl@&e@‘é ish FoQwhere
As anot her, exanple, th

% g@gq} g appar.at us.

7 Bl A 1 dntepdBeaddnta dhesimstchine spragaisi Jhe 8bm ean heawevidad by any
t feSirdvid rﬂétfl&p RoRBxafiffid, WS im(ch be érgﬁ uceX of or bAE tform and then
is generated by extrusion and é& or stretchin
afrpurledd strqidiingapperptus. Ao anatirer (xampld, the serxtahrlpg eppatdm can be

f S rea

ot 10 305% e S Blort CRLerUs PRt Hlim sgraprasea by
oaxtrusior] andireray dor s(rptbhlng afterexmminQoxt dwafet (iffforexgaplerad kh is

at i or. is tretchln after
Rencs PR RECosRee B 1R Sbeestealie Biseiag onec esarpoieigrers) o
td’imnfnlaioﬁ(1?} Boriegarpyple #RMIMs pdhefa®E b9 ndRatiod 0P RGeAy f6%rEtching
% menbers that are configured and arranged to

’E)%?I}‘?g)ré‘l%"e@mé‘?atetdﬂ@’eﬁ? | mand convey the film
al 0Ny RARAS), N8 flifhaokspbéd J@ﬁ,
The gri ppi %Ag menber s % ngggdﬂg ?gﬂ%e‘g&g"tﬂ_\}‘g} nglgtﬂ%?né)ers
tthad a¥ejcpphigeredand geeneed kehaddigpmesiog edgheoffthé film érrrdseonvey the film

iRt absatd |

%ﬂ' g:’?&lg}ﬁs tral:]%em cffe mng E&dg?x?énedgagtrhgtr J(I:‘%p 83% ing I?eﬂ'lé lets (see

Ff@gqrq ngplq@y dxbldtthfgﬁlyr atpp nafag tha:ed@as fo$ the Sihh% D‘hfﬁ(lkrhyns of the film
{o rovi.de sufficient on .t he LImto

R P A PP P orgss Fst sing fotoe positon

Mﬂfe@nﬁﬁlh@mbﬁbelg anepiadigdelodted BHrPARGEARIent EForEMa R &
of suita pi ng. nmenbers includes a series of

PefmyLstiefe ’c“g é?ﬂt’f ineythegmaunt plovasieimtertal spmeratesppydl mgcess.
sur f apaseantld sr&hitdbi i@ rsBn RS K serill Ef cl% L lapi ng
members can nest or ride in a groove or a

aryaefially erip thaditm bawseh epposibg ewtars and It}BBnarabtﬂ |atousgt : trem The

en . \QRpos
9B Ll O PG RS Sl R
&kaonge tshdekt sytdm tthioﬂds tanfilt beeagks oﬁﬁﬁmglbfeltﬁ@&feﬁ@g or a series of
a flexibl.e_and continuo

B S ot it TP s il el i reads com f desned, provide

@fﬂexﬂ)l&ﬁﬁ& tot@inuéud] ér s@hﬁc&ﬂhﬁouﬁlﬂ%ﬁv@ﬁ&e AR R da vgr%r of
exa in US Patent No 517,73 or in European

PBRGS ‘A‘HEPIF&’SIF meHhoft P fesatibednforexanpia g1l 8. PateritiNves,517,737

@Pfnl Fuope D

R e A, oPicetion PRI Rp NIPHERI 2 A1 (e By conreps of

epshiod which yre lmtquumw’pbreteﬁ by cifitrenicr). &Thd esvision df betigad o;ﬁ}iﬁ)nally
can be nmade of any material.

g& P%eﬂ%é;% Olbto\ln lr?c[lev%ﬁP%réppg’gconpo& te construction.

One ex aﬁlp bﬁ:llpfcaﬁbﬁhhladcﬂkﬂ afty Bletiall 764 ¢xdBPledibélNdABIbe b Y Bposite
teel, to support high tension

8?1‘!:?%% op n@a‘? e’fﬁﬁ&? Of&fsue=fbi“slfe&>tﬁ%%luqe6arpmav lgpest gggiof metal, such
8¢ dt6eD it ippSr® hich kiR 8hd s SRR 14% H28GroneP o REWde good etipping.

enbodi nents, the belt includes discontinuous tr
Other belts can be used. In some embodiments, the belt includes discontinuous tread to

provide good gripping.
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provi de good gripping. 9 WO 2004/ 050332

PCT/ US2003/ 033232 O her nethods of gripping and
weoneyissy the filmthrough a stretcher are kneemusaeds/o33232

may be used. In sone enbodinents, different portions

of the stretching apparatus can use different types

of gr IO REtHYE pinfahd BInR&lyi KM B1n$ thréuidh B sﬁ@tclgr 'afeslanown
ca E be dlrected al ong the track by, for exanple,

2l may be ed; i semerspbadimentsrdifierepigottions of the sraibintg atpm;atus can
gﬁéQ@kﬁﬁugﬁgbgggmgﬂyﬂgﬁgxgo the chain. The rollers
Cted

are conne a driver mechanismthat controls the
s peed Caipging meabeisonchés cliph@ar b¢ direated atong the iy det example,

t ' Rol |
Jggegy?%rota%ﬁ% §Eléa%g %gﬁ{t ?rgfﬂﬁ 1ﬂhtﬂe gnp%ogxag %1!, egia ?noupt;a do tl?xe chain.
dirhie p(pilemgare‘rmﬂnalt&si to hhieivérahdcharfsmelthatdon@61s the@pédd&ﬂdt birdetion of

C ude nterl 0 reduce or preven
PR i DSt DR BF breutinelogosrans. drollfs oo plse bevssd
fothlelati® tdndioPthe Biite@ BDSIL-thpd @nﬁfngﬁﬁb@nbﬁfs‘ MRE BAtsBARER
and tqack The grip ers 70 of this enbodi nent

gptionzlly mclude inggrlogising @Pthép reduce o peeyentslipnage betryeendths belchnd
Qyigral | flexibility via segnentation. The discrete

clips are typically closely packed and attached to a

f | exi Bigares 6raney illusirae ete esbodmesnbéfithe Qﬁp@m‘gl neottiekseand track. The

h
BpHE e fiolys 65 1o Bmehlord 2o UEONGHE: e Bhest Sins gan
@ﬁfeﬂﬂ el dlepibity ¢il eeglr&ﬂtaadlin cT heplfi?scfetel @S hre gﬁn@ﬂ'y \?\AI'(])SeI)l/ packed
SSse opt.I ona ride on eel s
am? a agféx%t glegplae Te ﬁlrértf) ay chHR Y fbée st{uﬁ@regrflqleﬁ 510ﬁ% orin

nsemnele sloag fhettleﬂl &, Stfate@ﬁ:aﬂ@lblﬁﬁeﬁ dafflandlcdR sEbePOHdnAMY close
rolllng between two pairs of inner and outer
P

rthafi tfg‘létgrgé‘ﬁ%%té‘e?"& gintsy Jihgcliyand, chaig pssemblypptionaily eide pmwkeels or
: %@aﬂﬁ'@?oﬁﬂ&ﬁl@e Ofs Bﬁk%x%?ﬁ%@ &#ﬁ%@ﬁ&ﬁbeﬁe@fré F@ﬁtegclpp%%o%%{eg on

edge for the portion o
$anrand bpdem baasagmoilingrpewfeen tve mirs pHinngy and odter milal Tiegp rails

%ﬁﬁl%ﬁgﬁk&égﬁqgéggi a boundary trajectory that is, at

responS|bIe for the notion and draMAng
of t hEhe e‘dlgésmfﬂ@t drippingffeattiess defindh boudl@unvle mﬁn@p&ﬁo@mhe

R BRI T ST oSt pont s s provic
b Ypitiatyl thj STRELh@ES, iat ak B fm&lﬁ fb%;anls@Ié fé{tﬁmnbﬁsn Mdadféﬂmﬁg of the

rail an whi ch thefg menbers travel
&kanpther effciide.f fomny éeréw@nefak@ He d%qw)enamec@m for other

?51"[1@9& JH9h RS and ﬁkagvm THeBb da@I ofeb%o%g { ?caay peee%mﬁ

race the sane pat a sur or ral
Tdenefiesdfrdmthe tratkeor raibalong wish thie ghipihgmelnbern davey. For example,

' cti the eff ctlve edge of t ,
e el o oS 5B eipbfhelpeati b ce Rt 6P ot Gatiensd o
fraderthessdaine pathess b @ﬁhﬁc@ of fhe @dekodtraif. FTHR AR thé\&irdided Rith the
boundary trajectory. In practice, the effective edge of the gripping members can be

somewhat obscured by slight film slippage from or flow out from under the gripping

members, but these deviations can be made small.
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30 nenbers, but these deviations can be nade small.
10 WD 2004/ 050332 PCT/ US2003/ 033232 In addition, for

w@rooppsasge menbers such as tenter clips the | enethusf03/033232

t he edge face can influence the actual boundary

trajectory. Smaller clips will in general provide

bet t elln adRRMOPO PRSP erherd &6h M&%*S ﬁ{e% %&t&{tfleee% e face

and smal l er strétching fluctuations Peast © S8

<ah Bdlupres the actupbbauadagy Hajedtors. Smablerf dipe weiblglegen@alrmomrrlmtter

AGoREb | uar t

s PR 8 BB I A hrn

ksgmn drbgdimentf,dlodt bngﬂe sf a dip fheexdisis nd hword Bhﬁ)t dﬁp{hﬁﬁ‘l an@ can be no

t reot| sed on t sepasate or ) X

i i3 BhCaBRl Ao RPISEE nERsiLBe Bteng pedapraeciorcs

ak traakst he d| st ance bet vveen the opposing tracks to be

adj usltrgbl e. Thi,s ca art{ cularly useful if

di f f el BHfWagPPang fa ??fﬁn° fionally,digposed eretvorsepprate opspparpide

PRPREAS StSardbthérivideREkButed té‘al‘iﬁ’ﬂh@ QistaRcebbiWeeh M opposing tracks to

stretchi ng _configuration in rimry stretChi ngg

08 giligsiable s Thip gaeu@saeawbleﬂbweﬁ@ef exent sigesoof filmmreatoibe stretched

gt 2

A B R O
tretelnlhmeg@evascdescustscﬁ leedovt.r Sﬂpalatloh or\mnattdmaiet\mm tl&lotppdssmg tracks

F\ﬁ%&;&?ﬁr a%d o%lulgs)% };'ngeircllganbcaﬁ)f reeg(glinglg #sgn%%g% pH§¥ orboc%}tlerr] device
a6 equiohaydrivethar &nrmemhmpmmnlcﬁstaﬁ@ B&ivBeh thé 85JKS), of hRK.€
are t E‘g%i@ glgal‘? undary trajectories. In at |east
some “¥fh it Reld by fwesels pLprpeting grerping eembery mpunted on
lopBeias tAbRY theR hrdMR o pPbSig ﬂohﬂ&r)‘?{rajw?&leg r ﬂl"ﬂt st st)fnk m

I'n ot her enbodiments, the opposi ng tracks are not
FIPPEReNtiehess raigeenesaroitorimanss abquhagﬁDaxentan@rmémhe drawing

%H hﬁot“& %tl’ll‘.&t)dlh{énle rtﬁé/ 6ngfoQig¥ Qac\fcg He%tb I%HT% flrg#ese X§u ra non %IIITOI'

gradient or rotatio cI pal "axe

nm@é a;upngewht @n bp h;cgulmajéropldmgarvhna&nm GSESrtl;ﬂé) @ gﬁdﬁem or
et urnin , ratys optjonally

et ePacigh afsh i S opBe Bt gsel preRbreey presiie fim.

i S enRttassig tb)Flg’ilPe ViR pp4tatds oftfohly iadlikek alpHRofitioning region
arranglﬁrrent to heat the filmin preparation for

St et BRICAY 1s eardossd By giheneniSh AT orheragpareins eramangsaientie haat the
gi{lrﬁ Fﬁgg&%ﬁﬁlonmeégmg aTﬂ@ﬁEcoﬁ&ﬁgnlﬁgfé‘ggﬁ%an &EIUF? 5 Brehéaﬁng

some enbodi nents, there
aprsuiRs a beat qak gpra 44e oieitin gintahla@st smmm@qdnnmsdemretmaysheta small

pRPu SRR RHERE I8 Hol BRI A7 s P P e tboine
Fiegibem aBd the Iﬁhat asllkha;ﬁhted B}Dﬂie bblnﬁlb@nﬂlﬁ:ﬁtor)t SrRiguréBY In¥dleast
act ual |

tretc but t I.ncrease in
S Paedesn A RS e SR DY P AT S e grpation
dttwkanht opﬂbsiﬂ'g l't&cksfn% abdORhTR 1cBXRAPRR, BFthSmal %an&éﬂ dPthe
as the filmis heated. Figure 8 illustrates a suppl y

g pbihe fbm ishspiedwed by the preconditioning region 32
Figure 8 illustrates a supply region 30’ followed by the preconditioning region 32’

and primary stretching region 34°. Within the preconditioning region 32’ (or optionally in

the supply region 30’) a gripping member set zone 31 is provided in which the tracks

11
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30 and primary stretching region 34'. Wthin the
preconditioning region 32" (or optionally in the

wG apphso3segi on 30" ) a gripping menber set zonep@I/US1083/033232
provided in which the tracks 11 WO 2004/ 050332
PCT/ US2003/ 033232 diverge slightly to set the
gﬁde@g@sﬁ%‘ntﬁ&ﬂbﬁ lige érfpﬁfng ms @for LRRPR, teler Qﬁ’f)sz Ot R, The

film filmis optionally heated with hi s zone.

Trings entionally heated sithintthin zone. pumaaﬂlT;D sirptahos ypichldynno Be than
b o 2%

364 1 13D LRALAEL GO ARIPEAL e B IR B s

fthanall% diDhe finad {Ihstretch. kmmleenibodimmtthq zdnk én whidk thlsnlnltlal

Wgetglp ctgﬁrls‘cl’s fo\m%\tvlecﬁ{)){ %%osntf: Ir}g’t in gvhg;:l;nél!il t[ﬁﬁ’kis %{%?lﬂbg apgyaqu p)éraﬂel and
phfrﬂhi ie heasgdcbr ntdi}&axﬁ(td dah sleVitail tedp@ituf®ni Nt ai ned at an
eIevaFed te atu ﬁturnlngto Figure 5, the film

s st REUEVREfOTIEY ilirelf §redeied fthe AgmeRygirgphingregion 34.
818, l)v)‘thm\/th%lmrﬂarp E‘@et@ﬁﬁg“f@élb{n 54 fh@tﬁﬁﬁ idbatc8 0 QRinBthell fEa

filmis heated or naintained in a heated environnent

dpsedeny Henrmens akove therlass fransition of the Pplymprerqf e fim. thee

I j
olyBtert e (Ep Ao RS wplolf RRRRE SO 16FR0 Elals of
H@&blma@g@m@ indndqmeve@tiwdtmdmlva hehting diements,although
190 o BN iy S EbRSEhR En e
@b Baaeiht $ilmi sedbe doﬁtrbll&ﬁtmdlh&uaﬂlly lofnGASups & r0tiiE B kArele amount of
| nd| ﬁ cgltjal or.in glr ougg to provide a varjabl e amunt
ustyconted) can b, Melirned bna Suiegas frpregerreRinglpdige yagabdity n the

chmﬂéfdﬁﬁ@ SBEME hédtak Wl ests ¥AmitRRitettioh drRpdeASf gigdlrected from the
tenperature of the heating el enents or in

dratagelemsntge thefdled The centrol of thekeatiog ¢lements m; b.e ek ifdgsired, to
}a ea{ @gﬁ)ﬁf tf thé t-g I?x?plg%l&r o% ng{s% Lllaz\?/ g??ﬁrﬁug%ﬁ %tgettching

enents c € use
regsschsfilof. Kdn exa‘mlﬂcnataas ofithe Hiwethatrdoatoh stratdhss naich @s other areas

unfor stret a s the film For

ex aerrrblPl%m)aélre%%é Gt %? ﬁ tﬁ?ﬂl‘?ﬁe f%agﬁ)woeSS‘Ffosfre?F]‘Pgt ch as nuch

as ot Withirathe pSmaryREEChibfiegioh 3% NBAgrippeheGadtiees 0B @herally
reto ggoweasner stretching, 20 Wthin the primary

SvPrRErTS tPéEFt%ﬂ‘SIEOIYFﬁbﬁlﬁ’rthrﬁp‘?eﬁ‘éedrPé‘?ﬁb‘éP sThe daplenn the primary

GRASTIRY deYion Thy/ Bl BiheR gl dn@ 6K e hpaiids€hiThe foliR
fil m“géy eglogley red am%ur?t %eﬁtar agks i|;]enft0t h%ﬁgﬁ%@%}ety of

strpcgiresand gnatesgiso Ouwssde af theqrimary tﬁ@tﬂﬂmgsegm thedracks are typically
gﬁ%ﬂ%g%lgﬁm‘é?rn T%%J{)Ms%g %ﬁ‘k E(%(s gar.ﬁ/ t%aﬂra)re/atll% or San. é e{rlré angé’ltf 5 De

regiemng drldévetgivg K¥ithin ehe primacpdtieyching ugsdm ﬂieltablksyare generally

l,i near he o in |near tr an be parallel or
dysTes ag F'ﬁrﬁ’ﬁg‘gﬂ?yo "gg 1maar, a3 des e F??@lo?fr di ver gi ng.

W t hi m dlifegipiisl oT@ieYstr8ichif Gpparhéhs! B8 tradks cAl6: fofmédRing/aQeries of

eneral | y di vergi n%y?nd are ﬁgner ally curvilinear, as
BEE PT BETlinRer sgments that preoptiang R caypled fegether: khetiiapks can be

ARBEGEA H S emERE tHhf ALKSWORPmBR (BPéJJE S)bF RSy RE4 rF@on@ obe

i near or curvilinear segnents t hat “are optlona
ceparsteddfor oxpamie for Mdintenangedrsonstmctive). As an alternative or in particular

regions or groups of regions, the tracks can be formed as a single continuous construction.
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made using segnents that allow two or nore (or even
all) of the individual regions to be 30 separated (for

wezx@aphms32 f or mai nt enance or construction). ASP@NUS2003/033232

alternative or in particular regions or groups of
regions, the tracks can be formed as a single
C'Oiet traoksonas inohuds tarcustinudils constrici¥R PR I8 Brore ad%'a.cent regions of

PCT/ 003/,033232 he tracks .can i nclude a conti nuous
 CORSTIER | i PR R oo of RS Ront g oRsgnef

tieiveliilgtghaits. The tracks can be any conbination of
continuous constructijions and individual segnments. In

at | edBtt lewshiomsamhedinentssthe tracks iy the Rmany stréfehipg fegimnyire
SdohBle@ 1] Bt sERULRrGth SO &R g iS&Paap! :
fro% t he tsrlg‘cks of ?Rgnprggt}g?%%}&ﬁg .L‘l‘f'ﬁ%é‘% ?‘ﬁ%g?&ééﬁ 141n
1thesucqeqding postichrdiiersugedemeyapegioncara tipicaliniepgraet from the tracks

(R R Bl SO, EBRRE Gt s

-1 'l ustalthbegh, thé packe it pemarly Birdté Y @ gion ardlchRAUBRY, fiRGr track

tsreacﬁ inthedprigars¥ stretching region are .

SPUFTS RREP Usq I"haar? fomaembodigeatst wafeamentsEaplignediby, for

| example SOVERInG MHRE R Hhéar seEHRAS aSRONPALS wihGePbii 90N other to
(b for. 10 exanpl e, pivoting individual [inear

FEYIERR UneapaRproxamatien te p dagined cyruiipess trackcon Sgiratiinh éfentrolly, the
RAGHL BR 1RedrsB X B o i W8

curvili ne;glrr % ?ginﬁééggﬁ%eﬁ?g%l ?%hrr} lﬁl&%ﬁ gpﬁ)z(%){nf}?n?%cgn be made. In
Shwe eapodiments, jthecpositivagofent st mome, antlipecfiretly e, dflte linear segments

. roximation can. be made,. . In _some ) )
SHE 86 SR ATR! b 53 B oSt B e s
mlesifedr Alljuytnaeht candk nidneallok he adjuSRASHRA Be %@foﬁnafﬂnb'%'éﬁpilﬁl,

ape of the

ivoltgabl(f? abouj}| 632 axis) so that the s ( '
LRy andsr gontrolp fogtputer orshes deyicenpupladifapsdrient It wilhbe
haderaoed thadéuriiflfear SdotivhTRAH besRB RGeRESHoP fl{gﬁqmom to linear
mechani cally, preferably under control of a conpu]% er
SFeB¥Rer device coupled to a driver. It will be

under (VAN N I t an be ed .

st cag s PRks Gl ook 158l SEATEN & heiaits IF Paricuar o
Corfinupusotizvilingae kisckoan beisd tireughsbopriirg wghicledciegieh. The
r.edi . dneparticul ar,..a .20 cqonti nuous, curvilinear
SRR curPURBE It ol Ay CoRtingbt ik ghat defines he
treghi dong Witieh the @rippingiAtBberSHinY Il drd@AHbolinREK tHe\eRMARehMrack
{ll?cgl udes at | east one continuous rail that defines the

S WoRtYs MPeH ahhevtgr koY iEytertedips morntad on fpp@nébottom

Bedgd B betwen idMirrhiRear track includes two pairs
of inner and outer rails with tenter clips nounted on
top alidomeembedimgetartheepatinusiub irags ibadjvamble. tOve hahud of making

LahdiSstab {ent he continuous track is
A e TR RIS of 0 £ B0 L0 B 50 b
dbereitrackothapet qoatéd units hra desplddte a porion bf he oinubRIthick, sddhas
&Q%Bgﬁn%ontr?laggni ts These track shape control units

t

SieSOmRYsdaagd aresoptisussd 1o arRha fares e e gk 25 reawiked te bend the

asck. Figure 9 schematically illustrates one embodiment of such an arrangement with the

track shape control units 65 coupled to the track 64. Generally, the track shape control

units have a range of forces that the track shape control unit can apply, although some
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the continuous rail, and are configured to apply a
force to the track as required to bend the track

wo@uns0332 schematically illustrates one enbodi PEDUSTNNG/033232

such an arrangenent with the 30 track shape control
units 65 coupled to the track 64. Cenerally, the track
r
R ERLKL Pl Pt S SO o GRSR e 87, B e
Vﬁtﬁ@ﬂﬂts@&@@ﬁﬁal%ﬁbl&mﬁa m&s&ma cemaertoﬁthe rfmntos appiya foece away

ed t it i t
R bl SRR B o s TSRS Py apf e
t:arpcre‘a tb @patichlirhoint en trerad}ufstama eorfulnhms %cla&nhe/tra&kfsmp@eaomml
fromthe center of the

Balfsnﬁan bheonfigured sathatthe E%ﬁlftCP'bfhda mt%rgl%aé?fl@dae C@HB%‘I"%‘V‘PB still

thakiftd lﬁlh% é’du@fmmt\%en% R aAFEJABbARE TRRMThABERIE dah }6clitate a
or t rack shape control 5 units can be confi gured

éaégqr reage efyaotiondekaussih aldawsdbe trapk 49 mioteyfregly@diystaséhe control units
u
R od Richertt), U (B iHaps (Rt g bty BEUACK BRETHETH &
frzmgc bf dha;tes, far eﬂamp@eshaparﬁ@eandww o igwe 9b@§aau£lb the tradkl shm
ngLraf ol freel aIHUSt as, the ¢ ntrol F §
&t *U’gt ?fb‘?‘%ﬁ ongine (gr Qther SFmSHric.haRe) gf motion.
lWllehsnoQé ih@x\(\bﬁehﬁck ElapK cdrronnieis hiked oig frack shﬁp&l’tgﬁtr&lfumts can

shapes, for exanple, shapes 67 and 69, of Fi glure 9.
¥ thea%arrgff ot it hgg Rf BAkYAnd GangeTRTRAtion AT the dines and anges of

tloR6Hs 16AMe HIKEdR] @RY sBapeichRrd] BhitsAhR 6 digleRAEL r'i C shape)
of notion. Wen nore than one track shape control

uni t Pse gepgle of peuifableciack phapecantnt yl and iraeksis diustratphipdtigure
t1 E.eTﬁ'eatka & t'}{l":S' ?Hbo@ﬁnehf gaﬁdégffomgi%s(mo %ﬂ tern?é??ﬁl:)fs (ﬁ{{lt shown)
notion or t nes an ranges o not1 ons 0] e

nroadited onbdaringsgoét shonapaoltiop betwbemhe faur s Blee tehick Kleape ndntrol
One. e le o ui t ab e control,.unit.and
EPEIRRAER FarC Lot & fofRlef o RS GRPREVRR R Dp nifor e
chitsct arBels B84) ind 10p latd@ BSttonDslterlcahth@ nftd{beitsi40B. TRNinBér and

clips (not shown &A nmount ed. gn bearings (not shown)
OBt ?%@”‘CUQ?W ne0G agiouple tasthe bags 4P7 sethatypoyie the base

QRS BE coniat ﬁnerhﬂ&& Hyd‘?ﬁly% BRS B ift? ahd@lter sSrrQY B ®E raiI0, 2

driver (not shown) and bottominner contact
m@n@éw@y AP feradhyd theolpleamui it corach mempers banezacshapee wherr wewed

03 e L G oA 20 v

aielnﬂms 406 en hordila@00,rue itheirated in Faguod 31 (avhiahromb' sihowi; thaeails 400

out er. surface f_the rails res
BB o Hepber T043r EXFPI 0 S SRS RE e s aaheygicy o
SRARE diaMvbRd) hthaB¥RY or bieMimDa \sRapes whert oMhtadt Betve i @Y i
only small areas of contact between the inner contact

ﬁ@tmfé members 48handifhe rails jsqnadoat the apex|of thesersharss. The miteyisprtact
'4@5‘ ?Méélrﬁmwsfashrb%e({ & thét AR i e VAR cGRRY ffeinber,

Exanples of such shapes i nclude circular
aﬁldn wwmﬂfroxasb% ombblbwacsmdss smaprnt thexkegentict widr therdils 400, as
11|1u ateci msfh%ger s%@ on r?' i aC%he ralfs%s an& { egc'n%?r? {rﬁ]the outer contact

e ral
Ofﬁenfbhﬁéwf thd1afakes. contaet vaith thé radlo) tUAkig such shapes allows the track shape

control unit to exert a force, if desired, to modify the track shape while allowing the track
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menbers 404 can be simlarly fashioned so that the
portion of the outer contact nenber, when viewed from

W@ bmees82 bel ow, cones to a point to nake contBCL/USZ00$033232

the rails 400, as illustrated in Figure 22 (which
only shows the rails 400 and the portion of the outer
c torflide tategdly Wlemingr thel @hto hadit mﬁ&&ﬁamn{g&ﬁ(‘éd W th&lcd¥@] unit. This

r ng, su hapes | ows the track shape

cgdﬁlif ?a"ﬁ“ml‘l‘séaf‘g S @%ﬁ’ﬁ tpelf ‘8?8%‘“ Ifsfingtpnianpeuy Sl%wmm the/control

t et. tRoaoﬂre (ﬁhﬁﬂﬁ)%&é Rasdht, @ thgk b4iehalé R flkger ﬂa%g shape
C$4/ 05 PCT/ US2003/ 033232 to slide Taterally

‘bsﬂa‘ﬂl e° theg smpefliments. thereeande foveaar beterrgnthétiesinties or there

tﬂﬁ@ylﬁ‘@d}ﬂfﬂherlﬂi‘bﬁly o} SontePREHEU ation can al so al |l ow
the track to adjust its instantaneous slope within the

cont r gleMrRg fo Figese 9 gnsome embadimerits, phesandre asias 3 oﬂh@ track are

t fagk e.adjustnment. In
e TR e R eah 8 e Mgt BRI MRST b s ot o
nitlngieated ipFigniee) er end olﬁﬂy: plumacmdtmtchiﬁg @erglcﬁhr TB8 lfixePpSiMRE 73 can

R TERAS] S Bl Pl ek sS4t Pt ar o

f i xed.AsTimghef llk@ﬁbtmhmﬁgilr@mtﬂé%a@l&%‘ﬁﬂgé @onﬁ%@t@@t&ﬁgvxde zpnes
tglglnc |hgat or near the start (as illustrate
é the pri

B3Ry sEgtchingeregion that Yave differenhitretrhinggpharacteristics

Thehat canasd d@ﬂﬂrlBédSb TREfGraR a%lke%% PR e g Atiher
poi nts al ong the track as il Sstrggﬁgﬁé %] geu?r%bofgnenisothe

Aeacks haye g shape thatdefinestbiese ﬁlfﬁr@uz«mesﬂn otHeeerhbcamh&ts; m theks

th
R N TN
Pr (?Vedecmrangty@iﬁ slrapest 85 8B béyosd simple] hadofGRbome aslSBemERE AThis can

nt_mat he equat.ions. In sone
errbodag] n% %e(iaﬁsg %5’8 @?erﬁegvaoraowé fhe PomaEy Sdr@fchﬁlégeglon to
tabesplich ddseecfihctibas EFor ckdingé, e 'imﬁd’@@éjcbl{m%]}o%e ‘flave
can _be adjusted, usin or exa {rack

é’ﬁ‘i‘ﬁ‘g‘%%‘mer@?f eijﬂmlg %PE%U@%G?%BV@% Vsl p8d ﬁvas diecribed
balows tllo@bd W@fﬁ%‘f nfdfe lafep Jﬁ%é’ 8“9 diffeldRl Shapdl 2 RoLunctl onal

arrangenents. This can vant ageous - becauls aénq? a unaxial
&hapeeOrtionaliys farmpdiate zores ca)fbetm@nqlndlthm nynsatdhafdhhbmhape to

LEGhaN d functi For, exanp
gﬁ&}ilér%i tInlt % %tﬁ{r:i)gt e%lﬁ :}h% gl‘ra]lew %VOH%N;gn ge serggﬁa{ep of Fl%ﬁ,ned by points

dhapibe (rhakrtheeanipled, a super-uni axi al shape with U>1

and Fzl_ as described be follomed by one or nore
| at erﬂzon "\Ef‘i:??e’btis’ftlf‘ee?aé S ifor proszsgptisinal shape along the

llemgta)df dle 120k ®iTadRhte beRinDMAlshaping d'fttlﬁarﬁg' ﬁ(;r%xglg{)]lg

vided that transition from one
rﬁ useql 1 the Hack s bavie diffrrent kaﬁeseptr@ak/shmeal Azame:sanqﬂm in

A e e

wasted gras-eactioncalonasthe bogth ofithle tradlathe @toasigectitiecanl R RBidH W3 for
L |I|t I ng. .and hapln of the
beld, bink S0P e el B FSn T dar (1 cmenemtolharack
tuchekoream ntvae/endinfdue FA1Sf or o BS Frs%8 ekl lin SRSt A2
t%lc%nnpss of the track or one or more rails in the track decreases or increases along the

length of the track in the machine direction. These variations can be used to support a
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the four rail construction descri bed above each of the
rails, or a subset of the rails, has a varied

w@eemgesserti on al ong the length of the track. A¢EUS2003/033232

cross-section can be varied by, for exanple, altering
either the height or thickness of the track (or a
c BiffeErackoshapher  vagietion is tra¢k aspmghsfabﬂm R 6QIMP1d) WO cribed

r in one enmbodi nent the
i netac Bl bavERe bl BRI S, Sorh 2 v calrent gk shape,
t Thedk Oﬁscﬂwasle&nﬂronlolﬁ e @RABIES: RhPBRknt HBthe rRRELDVA Wil each
Eo‘%%%oa |i1l e ghl ne di r ction. These vari ations” can
be tsed 1%° 8{}%% fate aé’a“fﬁ il5heng /a0 oB7ATy between zones. As an
PE&BE2 0 Oie 03 th2a3lati Y thickWrdas-
i ation 1en tr acl?lgﬁgpe ad] u?%cg bi | 9991&1 g dlsgosed bgtween two

a%tg%fég’éfislt% isglate 05 gioyide gdrapsitigral spage bmnfﬂ&’\/twbabnes
di fferent zones, each zone having a different track

shape.As ahhRafiple o5 vaRES BNakk YAkl agk. or
con:gonent of itshe track can varyl @ltogﬁ%ﬁt%élégﬁgmﬁe ﬁ&’ p gan be

I JBPIgeNt apqsitiop gloag theprek inghe designaf the ﬂhdmessaiﬂdﬁle afa track
Vatipyrtdglo
Lo Bl RS 47, 3 RolHANP RrnEdER Y b Bt ero
Had wkthe othegend of therdravois defined ab EOshﬂﬂoBrr@srpoﬁmﬁ)gllhd;@n@ses at the
t between the
LT N -
ttraek aqm;bcelmg‘[(h g., &jl) mahis bmlcmm%@m{eﬁpﬁa‘é‘ %%{Her @vepgﬁbr%&? OF the
arerQQr h@tiaﬁklnt esi gn of the thickness
8 PP RO Lo PSR AN fLasuch thakthe dhigkmess () ata:]olsmoﬂ' heis

arelked (i@h the thickitks K(0e) ﬁb@&ﬁon@” %, Y thannde %#Hk‘?ﬂ sou Zrﬁgy e at

\MQ r}vat the other ‘end of the draw I s defined a3
G Heheg PicleagB sarrdigate ico i §S esL’aL"}t Hene elsargplant mgsefinthickness

st Ofs a%p'%ngb@ﬂ ﬂgthg Rk airo?t% cBRes (hg% %&I?élo% af qjclength s over

respectivel y. The trac tTack
i i fiom It ﬁ@é”pazrwldndlbartheeaqbndmnent has a taper over a
portion of the romL" to L" betvveensOands L

such that ¥Re= t(Hflckné‘éIs )h((lL )s al)ddkT + Lon “L+ his?)
t t hi.ckne ess at, position L
PR AR Bl B gt i dherfrsink halgersliommiyds . When
& ollengan L& olds thsmatiea (ibcr@smg thicknbss v@th alrcleﬁjrgﬁ) WR]FL is greater
ggple of a.useful thickness profile is.’a taper

Y FHE i & Mctseeing thiskneshvitk Aesdensthi (Thy ok optionally be
fa idnedined sedfici
o arou ey By ehe SaURl PURE e £t g s g
thlc(1<§ess of the track gritrack gorypogent dh;(dnds) omfhe m@ownt IoSﬂctxl‘\lﬁhty desired at

0 suI rea
Fﬁlﬁ%(tﬁnt\ebg éﬁe?t%aglﬁ] Pslhgg% thé cangya Eowq thatjip c?sy.?eﬂg a ptraight

bmrsthles calpersa valuafod @ of eﬁ@ﬂhﬁ@pﬁobidéi@@éaﬁ] tHhtloBn el BB ally in
reater than L" this results in a

reﬁ%olnée tglar} HPR%ksds &V l%l%Pttll‘f* bepa|begigy in.a crved equilitrivoan
opifigaaadd o 1b%ade@nﬂ‘§5¢eka@ B&Qrol Bi 50 So(?l?e'i 'ta?)gé %‘uhag%e morfﬁéf:mrable

its own | ocal L" and rate o

Feriters{eanation a(trwé ‘atvarietk ofptherishapes, amnpdmarséfulie hevedston

inbe @{Mgtd(g esire int on

the track. . Easfn| ,élgfﬁwé Stvklég’?a EVPL g%cgl’?r B%cw‘s‘ﬂﬁ\%ﬁ"ef‘ﬁéf in
I‘Wr@db’e‘?a@ﬂla&d§0mm@ﬂt taper over any of these sections. The minimum
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25 beamwith a taper, a value for a of one third
provi des a beam that bends parabolically in response

w0 e00a/0533z1 at one end. \Wen the beam begi ns i NPET/US2008033232

equi librium configuration or is | oaded by several
control points, other -tapers may be nore desirable.
F‘” 4G A0S0 BUIPAL AT R REGSR WA Iﬁfé%ﬁégéspeﬂasm%rt SHARGS of
daqmteala;&emh bithe knckss swplpbh the daavgng/ﬁxmc‘s r "ﬁlmlﬂnmmhmahlkkness can

onent,or, 3 al | ul.at.e r of .th
BepBircpal ti et tepeedeaiuly Rt ShLS Rentihie M e
?eQQ‘Uf RaR3Rfusiieht Wk O/ @a%aa&age dfhettr 98 tradk cBfpoRat, Blg. to

al ong the track or track conponent de g%? on_t he

avrodife pesmangriofigidingrfdhe sk PHITASK C?rﬂgoqe 58 oEKgpgAble

%ﬂ@stﬂ&ﬁ% 1hft}pr ces. The maxi mum t hi ckness can be a
ncti1on o t'he | evel of needed erX|b|I|ty

t ypi CHielppathis defisfed biy slte apposing tracks affegtibe streishig Qfﬁhetﬁlﬁlclk the

sﬂ%l’ﬁj ngdqlt\IDv&ulelého%st ?ﬁe seﬁleégﬁ'lg rd?mﬁ%qangf&%attlﬁﬁghl tRldescribed

ck”conponen er nanent
ys aa&edbthga\o faubktethb mcllnnodlrdcnacd«aw mtmdhﬁmR)at}@ tlapssrsoflirection

eatal t ment aabi ity.. t defined . .

s ST i e S GRPER o, o B WheBéspghea win
frésbm fofthd filh, tHdPartitar aae rMB id péreeallly defined B &16$itfoeif¢1’m dugfent
(or drawi n ) transformati on can_be descri be a set

size (feraxample; lgasthrrdthnerchicssaiPt e film i %ﬁ’eéwffl digeetion (for
%@@] TD, M, to? /i uRd 8¢ ifllid1 86t tfglnexllglpﬁr %ﬁ ki, QrRHQB)ess) of

tRe hormal di'rection draw ratio
detfdmnm ﬂwedsametdlrectroels @étbou&hdhetSh drapj rPth C?lhbe ‘#ﬁ‘éﬁfmillt,ed bgr

8{)serva{1<?r¥ cl) ol?f?erq{h% as Xralq'%f llll‘r @Erv&%q%(tilﬁétéagrre{%ien%@ﬁ MDDR,

urren

tTmDERK ﬁﬁBNDD(Rf refeletofthe draw rtia deltesminﬁtb}oh' tragk tibegrto §tayeh the
exarrpltg] TD, MD, or ND) and the initial size (for

‘“length, width, or thickness) of the filmin

t hat APAE gileh oink Hthe Aietdhmgqfocteéﬁemmroamgpaﬁdsqs a €0 dfehe
determ ned by 15 observation of the polyner film as

HEgh sepaiatiensdistangsext Wiebeundary teajctomies. ds & itad sqppyafon
Tig%ce Mg%r{r ﬁ£1@5t§nis°Loh Eﬁhéj{tﬁi’\bfr Rl ét&taﬂeﬁ%tﬂéﬂ%‘&dsbn‘DDR

atrac to stretc polymer film At any
&G VERN Iﬁ@(bmé inktandek @assi Figbreh2 Emgl 4)r DloPBB g5 repioBmted by the symbol A.

corresponds to.a rati.o of separ.at J.

erERED T o st orsra DB BEof R R qitsonce ange,
ik 'p@slltlv%qgﬁﬁ&ﬁ'aﬁéle BOwdirsianme tlﬁfmitzhﬁ’ane&iéﬁﬁ’@éﬁ‘t of the boundary
traj ectories, at the start of the stretch. In

atafeetoryne gdsack iSDBR It-follgwisathat kcpt(®) dnequilis therinsantgngeusisippe (i,

AR o Bh s et 1 phle SRR TRERAGR iR LED PO

tNBDR eS/(TODK * MIEDRI) previgaintaa ﬂ&rtghﬁty of me pohyenep il {si cosstant
i ncl uded angl e between MD and the inst atat aneous

tdélﬁ%‘hﬁ SWCWIP%PTB‘E‘P% dhmpweterdpedengiypot the fifm qhangeg byg factor of py,
rvajleke Aue é)/ 50 i ho elﬁgﬁ% d&gw Pind pctes%g%hnttnptht: Igt?etchmg process and

neous 's
po being the initial density at the start of the stretch, then NDDR = p/(TDDR * MDDR) as

expected. A change in density of the material can occur for a variety of reasons including,
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25 first derivative) of the track at that point. Upon
determ nation of TDDR and MDDR, NDDR = |/ (TDDR *

woRiDRpsEsDvi ded that the density of the pol ynepct/iubrond/e33232

constant during the stretching process. |If, however,

the density of the filmchanges by a factor of pf,

Vibedx@mple, dueé PPhask Ehnpe, l@@dhrhg clyBB11dR1da ok ¥arﬁ£l c?ﬁ?alhzanon caused
present point 1n the stretching process and el ng

ttﬁéthtPhl{‘S ef othgs pEdcesyingcondiionst art of the stret ch t hen

NDDR Pl 4-FRRRR diahBPR ]

densi tf/ of 1% he mflat erTa dggﬁgg'é@é?%%%e?g%n@g?%gﬂg%{‘h

rteaserss dlrmbmdesug in TDDR\RITR0R)4h® BOESRof A, (1)2, and ()2

PCT. / 003/ due t

Rh SR SRR Sl BB S RIS oSBT ot
Cadides Bhsurbing ShifrCdinigy during tHe Qlfav@ hQGRRIBIYErHRAG Hn 9O in
F")ﬁjrlf ect _uni axial drawing conditions, with an increase

& YRRK DA ODRY hdhropghensthedraw. diyselst méfwureroéﬁm axtentof
TRRRal dRRRer, IR AR 2 (2./2, and (X)""2, 5
respectively, as illustrated in Figure 2 (assum ng
constant density of the materi al) . I|n ot her words,
assum ng uni formdensity ri MDDRe dr aw, a uni axi aI ly
oriented filmis one in i CiDHRBR. = ( TDDR) - 1/ 2

rou out th draw A useful neasure of the extent of

HF %\R “H’I‘?éf drag, U igonecthrpughoutibe drsee WiBen U is.lgss thea one, the
Mg JIRBRoR is-ch sli&e F fre
one t (; ouglcﬁ)obstc {1 he rgd?‘asvvﬁlln@&éar!] (L}JWP%HKIJ gsg(ééé%:t g}r{]aﬂ\égﬁlg Ltjhé Cﬁrgwmg
gerdifiongs ednigerell Gspesuniona’. derednvestitnahieater, aﬂlfére titpiyriabr film
.condi t I
é%sr%% fcger ed a;ﬁ;hﬁ Slﬁs %&1@ é‘ﬁ‘swma‘? ISV SR 7ol gﬁetfléﬁfe&on 4 of
\Weetilm to laetrq:jdie;i m@orfﬁ andh the d;vagerneé m’fgwis l‘éli‘tﬁfalyl smaal(@glgabout 3°

trac as illustrated .in. ur.es and

of PROMPRR R anruriesh (e epmpripeihore i imdpianally
@raamco e MD DR (L6 tMGingy, (Sbdcbmad deyivg. S Rnle e(nﬁ)ogrments U
about 3 15 or less), MDDR Is_ approximtely 1 and S

SPphayk A ﬁﬁﬂ%grﬁatsfé#l@ oner Statgs of Pigseates then amitwtepipseng qus lpgels
tol @&ermrgo Sm%&%ﬁfe]atx@@aaﬂé rbduce kh WQJE%%%Q %olrrt/tﬁ

In some enbodi nents, can ave a ue greater
baendagtedge Jf dF 1debqfé\éD@pmpmﬁmnum putfficierd forabeghomeay klisaterial
I axin These over-rel axed states

ng\ﬁ?S%éhegﬁm%ﬁbugk%%rsvgl%r% ‘fromthe boundary edge. If
t he | avetpeatd, M):ahdﬁ]ﬁbﬁ&ﬁ&ddﬁr dhanged i de@itigitb gfve U bi®rding to the
%‘5&2‘1 % and material 20 stiffness, the filmwll

F™##i nkl e. As expected, U can be corrected for
changes in density to give Uf aclcordi ng to the
foll owi ng formnul a: ) MDDR

f 112
TDDR |
Py

Preferably, the film is drawn in plane (i.e., the boundary trajectories and tracks are
coplanar) such as shown in Figure 5, although non-coplanar stretching trajectories are also
acceptable. The design of in-plane boundary trajectories is simplified because the in-plane

constraint reduces the number of variables. The result for a perfect uniaxial orientation is
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1 -1 MDDR U TDDR v2 Pf Preferably, the filmis
drawn in plane (i.e., the boundary trajectories and

wo p@aksosaz e 25 copl anar) such as shown in Fi geeEUS2003/033232

al t hough non-copl anar stretching trajectories are also
acceptabl e. The design of in-plane boundary

trajectories i e

LR SRRt SPundiS oPhb RS SRS Gats Grdaf Shiron iy

plafie I/Slmf%ﬁtfeﬂﬁl% Thd @Xabala iyl lerpottalyalbyi first dEBnMEOTD as the "x"

2004 050332 PCT/ US2003/ 0 of mr

Sipsetign andMDjas the)"yndrechion ﬁ%ﬁ’ﬁ%@?ﬁ‘@é’%ﬁ’ég‘ed’i’%ﬁ‘@‘%’{j“dmg

ANED61dsMPRNHE Rikeh B thOY edRdilvRe GART €d doBﬁhnaMgﬁﬁh@P@ dhosen to

be portra ed by first defining TD as_the "x"

%@@pglmnaﬁd NPYREY §tppéclnr&g regipp andk GoFRsSPOYsdo Ko initial centerpoint

sﬂﬂs an'tra cDBLYE HEGMnd @ﬁa&ne%'eagnégo 4d \eiind PBhEARRhAS

may en as t coordinate axis. The coordi nate

parrhlgmlas arcechofre te ktarg 670) & niinyyeand ipbis b@gcapmtwglyofhetri@t bounding

primary stretching, region and corres onds(i3 the | )

PaipaligraicgiAtye Fop BPTHEVe Yot uehdhat embedigs thip sEBOBER e fhetipeention

parabolic trajectories. The left and right bounding

par abol as are chosen to start Ea}[/) 0) at mnus and plus

x0, respectively. Theo gkt/4baodihgl parabolic

Sl el FaGRUY e B s B e i o e

vy Qqu%uan ﬂy Ehﬁs hﬁfyt Iﬁ’ﬂié@l‘i’dcﬁ‘éiloﬂ%élamhésé?nﬁtfoﬁ% 8CAn@ métHods for
obt ai ned tiplying the |l eft-hand side of

t he
aﬁ@m}mw tlpﬁﬂgbtrbos %ﬁmfétomﬁrf« presaned; Relefipaunded rr@ﬁctory can then
|
BeLho (5L RS Al AT TR ABLG ) S B
tlmlﬁmied trajectory can then be obtained by taking a
e o BB PO s Bty PRUR B R0
t:(griﬂjltlﬁﬁk OHYwER ofheOfactdss can aﬁe@t aie abilityetd aéli¢veruniaR i orientation
| deal conditions. wever er f can affect
{reRidms; for eXAmply, Aot P erel oD Fpron-unform heating
bk HS’!&BQP filfOduri¥ 368 ing, BRI B iS4t1Bn o hmmﬁe%om&
polymef film_ non-uniformheating of the polynmer film
exAninigy n@t:hlm dirdctien teagien) diiem, £y skarepde. idgrnoveb aedensiod Fig|
n 0.
RS o L SAATHL S IO e SR i
brieraal®nt Instead,iamminimym ontbtestnddl value DsambrageUe@hla that tso

achi ev erf.ec i axi ori entation. tead, a
A BPe LR oien & dyperogieo i pip B Bgef e coine.
FbPdxam$le, an acceptable minimum/threshold or average U value can be 0.7, 0.75, 0.8,

0.85, 0.9, or 0.95, as desired, or as needed for a particular application.

As an example of acceptable nearly uniaxial applications, the off-angle
characteristics of reflective polarizers used in liquid crystalline display applications is
strongly impacted by the difference in the MD and ND indices of refraction when TD is
the principal mono-axial draw direction. An index difference in MD and ND of 0.08 is
acceptable in some applications. A difference of 0.04 is acceptable in others. In more

stringent applications, a difference of 0.02 or less is preferred. For example, the extent of
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mai nt ai ned t hroughout the draw or during a particul ar
portion of the draw can be defined. For exanple, an

wa@emepsahbt e m ni num t hreshol d or average U val per/usmvobess3232

0.7, 0.75, 0.8, 25 0.85, 0.9, or 0.95, as desired, or
as needed for a particular application. As an exanple
obniggialaharapierof Qefdris suffiviera m?nmﬁsit@ﬁbi/iﬂa 8n }naa@of refraction
0 eri.sid ¢s of reflective polarizers
ugféfﬁﬂ’?ﬂé ‘Fﬁtﬁ%? g‘qegl?liy’s%“%ﬁt‘j' Fieeions BF BSestsh FYStSicopaining
s pelilgneinaptalolatel (HBN) toh eopdiyinfeey PN df.02%2 14402339 nMRor mono-
| ggélgletrsangfersr (IEif ractio when TD is the principal

TG RN S CHOF §91me polvssisttens el esmotyettylen®

nmono-"axi a

awretphbalafe (BEDBa Icwed O varie P 86 l)lee\/ieﬂ 099 %%/%g Fpijéclegt?%ﬂe ﬁgc?a'gse of

Al difference of 0.04 js acceptable in o
sOPEHGEHSCAiffreneat ingefractive indiegsan norceibstantfullf Aniaxialld@wn films,

IS prafoeskteshiaxk: xtent.of 19 WO

2004/ 050357 BET CE3000T G5 54495 Kb MnieRlaL plpaciet n bsused o
ossgmatedheslarel pEieEnctiv indmamptching dstwieen e 9D aikdz (NIEHrections
ofy hefuagdd on difference between the MD and ND
di'rections in polyester systens containing

pol yet hyl ene napht hahate AREN:=0PIX @pquymars of PEN of
0.02 %F‘ less at 633 nmfor nono- axially transverse
oY% Apye) he deifirence hetweest the sfiastiveymder imthe Miz Hirasion (i.c., y-

RleYi€dn : al ate .(RET l.ower U val ue of
st EAEND SELERNN I Bubt A LBl aalani s
irAfracting indexddifftrencerin e ilrh BravafidedGitIN@xéPHHSEMDDR is held at unity
QR%‘-J%%B%@ ti allj&%g’ ni. axL,aI ly drawn filnms. For

sub-Tni axt At dr dndelagqnshipihatheen fquad fo bsreaspudbly predietiviedbr

TobrsatsgsteraafinddeIinSEEN, PETE Sid . _
["Elf ractj VZ ?Qnmélex mrézt chi ng bet&mg(g%n%ﬁgfi;ﬁ(%%f@n‘ge%mavanety

pytical filgst fnthese pelyestersysernmtinaU=D0 isAnicatly @yut GhERIF of more
. ere_ .d.s.the dj.fference between the
ﬁlief ilfggfl%c\?\g?)rygﬁ—e@%}fﬁchﬂ%%le aa{we PIghpe (bpt_vx@_er} thy two in-plane
dire@iohi BT (yaiih) bAETINR -8Hig)e G pied] vhiu -@0p&hiON
foz:r6 a_val ue U and 01,@, (LIf:)O) 5Iilns tvhafsefmr% "F(gjgpfl\c?iééﬁlﬁ) g,gbout
JifresBmme Typigl valnenforrdnptUrQemge opld §.1 atc63ptant, IRk example, a

NEPRC I 0 t hr.oughout raw. This

relat éi)rgEnPE’Eiega ﬁogggbéééé}réo?l%sﬁ% %’8“%@ }? E@ggﬁ% fpgat units and 10%

BE&dike ripeet uhiss, hie ypicyleatuent HiyS&@emioh P oed NPatRBNnm. Films
PEN or PET) used in a variety

g@%rbs nlnggglfé 9p bﬁéﬁ%ﬁ with palues 9581 §fDst5e9-88 gud @fEas measured by

Al (U AYawt GtidHAPIKIE | f e
di faf elr encae Ot;xy( U=0) eé\/j\pﬁ?}g’iﬁg?g&{},ﬁgﬁg}%? fgg%:ﬁ\%l andb!b%:; at 633

Bnihe s bese Bageadrerdingtio the mathodmofthapesendinvagiohons VD
- axd -axis).. Typical, values for Anxy(U=0
E Zm g )gbﬁgpset?(gﬁg%egbat% e pgz.%@catfaj %g)’?ef]*hat A Psagi o ﬂ‘é’?tﬂ’é‘i{aﬂlﬂ éPl)aXial
Fh@wz(evi@)berdgt;gein@by the ﬂllﬂaﬁ'irlgtméilt%ﬂ Thiks dE&ﬁb&&a&mbaedett&mines
w90/,10 ¢ . i.e..a copolyester conprising abou
%‘80)? %‘él\l%‘ﬁn ¢ E%’B_%%"ty diffstiveind e 1ot boppadary mctg@p'eaken asa
it SmageaBirss, of SAdiGioN is Y&l by RelindhPs R ARtRha 3B nship

19' 14 633 nm Filns .
etween TDDR measured between the opposing boundary trajectories and MDDR defined

as the cosine of the non-negative divergence angle of those boundary trajectories, over a

chosen range of TDDR. Next, the geometry of the problem is defined as described in the
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conprising this 90/10 coPEN with val ues of U of 0.75,
0.88 and 0.97 as neasured by actual filmdraw ratios

wowd/osmsz espondi ng val ues of An,, of 0.02, O0.Pdr/asm03/033232

0.003 at 633 nm have been nade according to the

met hods of the present invention. 25 One set of

cce Ilctra ect ar

als%usF BI??% a?gbao? g aréc tf)neslc}(]]alrsgc 1neer§ a%: g}% %ﬁhgae[}% Iian¥e l%t\geen
hﬁ%oﬁrgﬂaw REbriZe hli0ratid (8 ) i 8&HiRBE s tH@HQ@Htan%B? THDRE G here
the "ri ght boundary trajectory directly, and the

lietht Curtbatinpasitiontdfajpeint o the beuniiary emjeatorya Nexi, ﬂfe(i)xistantaneous

i.mage. r.st condi t| def i n|
oL Bt e St D fo TR s Gomisb et ptiyip
BBASH EDDRALAIBR RiviciRnQUUASIS | WHerDOIPREGIAE Yalhié 8f © & hbieBSthe
and MDDR defined 30 as the cosine of the non- negatlve

gaupEPRIShe s Papifea trecifip sdatiopdimbray sentYRPEBang (DIR whigh pan
then ‘BQ 28 fhe Q%@nﬁl&i tx 1fy Q}ﬁ)ﬁoad&]‘b@as' 8%55%&] eétbﬁes that also
problemis de as deScribed in th
2e0d¢0BO B8 OHCTRIISROO3NS @3@2@@ cagfi wleand$ apptoaghestungy. Next, the

I al
ﬁg\{r@g’g tlja ecttolé'aijs ggris\%élélﬁds o) s21<t t%e g)ar y Sié?é;'r(e:l%tﬁ?e ghé{{n d a
ratio ( x/ X 1) is i dem(x/ij)ed (vﬁsl)t haan(Bpt ant aneous TDDR,
where x is the current x position of a point on the
locheme dkan(8) 1¢ thajtalgem 1oy the Mtgpndehegla Asirdntiatheyusordinate of the
functional | at i onshl t he, TDDR a
CUFRPEPISEP™ 08 PRYHE pé’ B‘eé‘g Ehaaday ?ﬁﬁfé"%r‘f&“?sﬂ%“dsng to the

diveek geurginatanyke, thv\hmreammqwtfbh énay Bk bstved e uysntegratmg
chosen, the equations above provide a spec:lf

rléqtréQ)laémlgﬁhednﬁewwé SRDVCDm ypEy to Hormasmen desired vahle fp qhgain the
‘dérﬁﬂ d‘lg Bodifad '5&0{[9& f)g hﬁ ngf?%%ls%&é& Qﬁ?&%g ae%%r ShREn b

bou ry traject
pamedmally.c trajectories as a limting case when U

appr oache nit boundary trajectory. is.
e R ol Bigls Y Srophls Tpis U Atoen 917 PR frpeiSties can
®6 Uatdiked in ﬁ'ﬁlcﬁ theXgda¥abdlic trajébtdry isXistd with érddlle ))r MfRer iitial effective
tan(r is thet an?ent of the divergence angle 0, and y
deneth dordf it @f th sepaiationdlisyianenbetpersy the Qpogipgboundary

%ﬁ%ﬂuﬁgﬂ pRiiMkt 8 ﬁletl;}ﬂﬁha[’}} lechfﬁg lr%qj(ﬁ{ e.lth@inRl 1Y TD dimension
correspondi n%eto the diven x coor nate Next, the

aiiffsaleengviagds lqllle{tthetﬂnmay “&bechss)ﬂhv enltlal balgdisigyce between opposing
'bnﬁr{%%q}aje@%n%%&g{]&]g)c Gagls gfﬁga&etc %é%hx%fgg tﬂ)ﬁ?o&/{n%?quatlon
corrpl et e coordi natﬂQx)ﬁ(et) $ (1x4)yx),/}xo)()5f/x1t)2hee ni ght boundary
traj ector ei t her ticall nuneri cal |

et Saisie srodkdoni shrteiah The gtk comespinsdo b of

it o 9% 1R disnBE bW bRATwW6 3PposhiB 1deE&GEJuRed ifithe s0htidh abbR
parabolic trajectory is used with smaller or_|Iar

er
|dPﬁ°f1Peé‘Ia refabelie tracks thappyovided anegfestly yniaxial dray. e seadd iplge
%%Q?’a'h@ﬁ LOR,, N ﬁlﬂﬁﬁﬁloﬂ%ﬁ“%%&d&bﬁ of YR tR) %%%y f6m *?l%ﬁjaﬁ
trajectorles at the 1nlet tothep mary stretcmg
cewiitom. (i owe. embodinient, theadistdrict hetWEndtherbvesdpprsing tracks in the
primary stretching zone is adjustable, as described above, allowing for the manipulation of
the trajectory to provide values of U and F different than unity. Other methods of forming

these trajectories can also be used including, for example, manipulating the shape of the
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m nus the selvages held by the grippers which is the
initial half distance between opposing boundary

WO e@peser i es), then this class of trajectori eBCT/BES2003/033232

descri bed by the follow ng equation: +(x)/(xi) =
(1/4)(x1/x0)(y/xi)2 + 1 where x1/x0 is defined as a

scal ed inlet separation. Th t
joritios ug ok DAt ScaRthuait i ar St TG gk PR B desived
gghgggﬂyng tracks requi red if the equation above

descri bed a parabolic tracks that pr.Qvided a ect
uni axboasuRsr-aNaxizhraws fesgvarity ofithe @%ﬂ‘jﬁnﬁf’?‘b‘?? q‘%.“Ltf us’i“§ the

cl‘:ﬁgf Gakte0d Bie otvgﬁeeqep’ icad bodkanta 4shse ddiadia (NII@DR (WhiRRequals |
the 'uni axial condition.” In one enbodi nent, the

(TRDRNCRdividedibr fheapmalt MBDBp 3irh¢ aajual MRIRR i5 Igsstthgan the uniaxial

I [ I
Rngﬂﬁ te erfgéd:pisri&sﬁ?nﬁgmfﬁ%%ﬁgi&#m x P@é«@h@%% bR inavU
uersa;hem:ﬁmfyy If Bispraatir denwaity ¢e dofw 19 sape-ufiaghial dnelrﬂamMDﬂJihm

uni ty. er hods of formn

8¥ﬁ'réf”§egrg\§t“i?§§ GE ARG, mrlS?%t %Q%rﬁ’% gtﬁ n| pu Ckf: s
heRmufvamed &f a whekle B&a%tl%&ﬁ{p%ﬁ%&cm@ thﬁﬂﬂﬂ&fs@ﬁﬁ&ﬂ? low
tragect ori es usi n\%@t rack shape contr ol r}l ts o

dentiptcongliant filme (VAP & FHRT TR0 eSS dedgortespors at eas
Eﬁbﬁ&%@ry%o u’ré%uédym@é acAnl Ak SdntddE RWBth ih 18 WARKRE hlodg MD to
e Wi nkK can be quantified using the concept of
d\ﬁen‘fpbedcoﬁrm lepgdrdrspage. F, can be defined as the

uni ax I Ydo U8 Sorith
U A 348y B RS B 08 e e
\density, Fadan WPRttet he overfeed F |s | ess than unlty and
the MDDR is under-rel ax r [ ,naU | ess than
unity. If Fis greater fﬂ@ﬂﬁé )ﬁﬂ?% draw i s
SYPRAIVUR i Peskedl as Aoty hﬂe&%t fo¥ de@@iﬁ;ﬁuqﬁcﬁbﬁmdgervahﬁi ofire

to the uni axial case. | east a portion of the e ‘ﬁﬂé h
O other

gngine dans g pr%?@&%ﬁﬁﬁ%jﬁ? Beeegynklegthah randoldover and s
%xquﬁﬁ’esﬁl\‘d cakaéiﬁglfléf@cgs il ?l%&%diine' Sntodhendl ke dveMecOF frefhains

I ant : Fis greater than unity,

tahé oolvsrdﬁxeegithc dme@pwd@r miucte@amre wripidingyor faad evey. Ingome
ﬂé\}antgétg t %%\éerr] l%ac{r less hr%u%ﬁ(mt %rcoll ggfr thf: hlrzlwt I%%r some

NAE,Q. mdigaa Seluebf F bel.2 ei @ven ) mshalmwkeéthmghofftMrawd

MDDR in the case o onst ant nsi

writt B9 aééeastfsmﬁemfbidclwe'etm%‘aﬁm@“ nt Bﬁ’ @ﬁl fhyough the
| itite AN rSrafiBASTHE Ve il BQRARMERed bRNidEES tellivh U RAAS.

Lar ge val ues of F anytime during the process can

caingeun MR givempesent RBPRgan fol d over and stick to

other parts of theHhprm caygi ng ¢ppRees. In at |east
sone enbodi ment s, tqﬁe overfeea‘”‘ F, rerra?ns at 2 or

I \elme ld,u; dan@e theseatany pefared letelcpreatez thap @inisy VEr example, F can be
se ecte orlj% 2 f 10& Vleerls descnbec? arg%ve

When the over-feed is less than unity, there is effectively more in-plane space

along MD than is desired for the truly uniaxial draw and the MDDR may be under-relaxed
and causing MD tension. The result can be a U value less than unity. Using the

relationships between U, F, MDDR and TDDR there is a corresponding correlation
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20 enbodi ments, the overfeed is 1.5 or |ess throughout
the course of the draw. For sone filns, a nmaxi num

woadouessB82 F of 1.2 or even 1.1 is allowed thropghUst003/033232

the draw. For at |east some enbodi nents, particularly
enbodi nents wth W1 through the entire draw,

r leiwecan §amigF Whleh dzﬁfeb Riith TODROf A%/&{tfcﬁQﬂa\PfaﬁB lofl2 S, rﬁlnlmum U
relatlve bo nd m ni nrum MDDR gi ven a current

THDR c0g 4 i URHETIESd of st PD. Forytidae sPimeARulary
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1beselegted premainhelgw assyain lappkduring o ﬁowleportfoe@@ daw, keSS

than unity, there igppfef ec Y k- pl ane space
al ong MD than is desired f%{@ﬁextru y dni axi al draw

aflerre Fren WOISRTmaye foea findeostive ofisted afta0a dral rapusgizng VD

Lo, s UEE M R0 B BB Y o1
ttheoughausthe sicael, Egp vl ambthe Gl & sabichd to 32DYR of at 4. If tll}]e

%9044 050332 PCT/ US2003/ 033232 hetween U and F_whi
5EUUIE ROPHIBR MeReIIRY 15 pireiched i ahPPRiof at le#st 2.4 and often at

m:am SBINTAP, ., i€ 5ahG0hE BHPRRGSAA @a FORRGR Y& 61§60
about 0.9. For at |east sonme boundary trajectories

i FRISCIPEEH Y BeRlaan then thefilanis strqtehsd torn TWADBIef ablgast 2l abdhefien at
agdsi 4.¢ o 'F%},’,Y’ls nctﬂ@ﬁln¥’f§ st !:lfeﬁtu Eopl nat, %Cst(?rges go a ?DDR of

certain |evel during a |na por
DIoRst £ 81and oftemat deagt %mlkaplanavxbxerroa cEﬁiaﬁhr |b6mQ1agz tﬁH’ecEB?{%@ if no

f of dr fte draw rati o of
185 5 B P b s oo
NEEIR<E. TDDR) " (i.e. : U>1) throughout the stretch,

Frrax th ndtg ilmis stretched to a TDDR of at
4. Hethet FAMBE: HPraaar té?ﬂeét%bfaérbﬁrusedtlhéﬁwﬁlhe filmis

$FJ1§f(MIB]dRI<QTBDEWRh%ﬁglﬂﬁ1t !h@ééém}?FAfax?s@ g,f, 9, @hd @Qﬁ

east 5. Finax is 1.5, then msétre
F‘Bet‘éhe‘#ESDPTQPRaif af leass ¢.6@ng ofters atﬂqaet 6. & rlaf.e,c tsdr.5, denaliefilm is
GRRLIRAR 2 TD Lghed a.
FOALRZS 8 THDRNLAMRadk oW S SR8 2K, b 2 T L B Him i
tsﬁ‘é?heﬂ iea TPDIR df ot lsast 87 ahé dftensit hagstcsap | T8i@kmit i 918 R FEGen

: f .. at at | east 4.0. For
co pfﬁgﬁ%@r%éc?le% S ]éﬂc)algﬁgﬁ ggle%b{;} é?’? 5y tedactry eap alsorbeyged in
mhmht(Fm*MaDR)ak("omDR) "4 theighduetht stdRH, @maxﬁsf 165 @t,hﬁqls é 8, af\d the
H%DR gr r tat thatn 4 and often of at &

Lirt5etihsd 8?3&3&%0 atatt&dar trajectori es can be used
in Wh@ﬁler us@ﬁ%ﬂéctérﬁ\@@ﬂ I%&E@Pg@usgr%% the %Pg#jgctones include

stretch, Fmax is 2, Fmnis 0.9, md‘t
SHAREFRiertariss WhaRHRLR isat lehss A5t istat Geastrc Safvbenfiad] pbi€ias bf the

Qrefeh Aefer e!:c'h{%@ff]g asl“D]DI§of }E%pld F,I,?a? 1sfi Aurmg stretching. Useful trajectories
also include coplanar trajectories where TDDR is at least 6, U is at least 0.7 over a final
portion of the stretch after achieving a TDDR of 2.5, and Fax is 2 during stretching,

Yet other useful coplanar trajectories include those in which MDDR < TDDR 2 <
(Fmax)* (MDDR) during a final portion of the draw in which TDDR is greater than a

critical value TDDR’. The following provides minimum draw ratios that should be
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stretched to a TDDR of at least 4.2 and often at | east
6.1, If Finax is 1.2, then the filmis 20 stretched to

wE200Mbf3ef at | east 3.7 and often at | east 5. 4pCtT/UST003/033232

limt is placed on F, then the filmis stretched to a
TDDR of at least 8.4. A boundary trajectory can also

PeBE ForbRyrlieoly WS IAOR Hach Bl getor iy £ Bl il
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greater than 0.70 above a draw ratio of 2.5. Curve 304
is the parabolic case with a value of xi/xo of 0.822

wo oowhssbe U renmi ns above 0.85 after a draw r ap@mUSL003/033232
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In other words, a trajectory can have an ini
sysrised or ﬁgﬂlﬁwﬁeUmttawh@aeanRi fargeathian g ceitiéal ey ran@ TDDR *.

Vafe £PTHBHRRAA bd Qlected which relate to the onset of strain-induced crystallinity
with examples of values of 1.5, 2, and 2.5 or may be related to elastic strain yielding with
lower values of 1.2 or even 1.1. The range of TDDR* generally falls between 1.05 and 3.
Portions of the rail or track below TDDR* may not have any particular constraints on
minimum overfeed or U and may fall outside the confines of the constraining parabolic

trajectories. In Figure 20, curve 340 is chosen to be the constraining parabolic trajectory
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(x)/(x1) = (I/4)(x1/x0)(y/x1)2 + 1 and then a | ater
stretching zone with tracks having a functional form

wa@osmespendi ng to  (x)/(x2) = (1/4)(x2/x0) ((y-PeT/xR)083/633232
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e
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constraint is not effective below TDDR*.
In Figure 20, curve 348 is the result of using a tighter value for the maximum

overfeed of 1.5. Here the constraining parabolic trajectory of maximum overfeed is not
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15 can be constructed by choosing a line with a
di vergence angle equal to the desired m ninum

womrhsse2 at the chosen TDDR. The |ine segnent PaEYS1963/033232
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clenat Xc&bsm the@ange of desired drawing. Various sections may be used to account for

the various phenomenon of drawing, such as yielding, strain-induced crystallization, onset

of necking or other draw non-uniformity, onset of strain-hardening or to account for the
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parabolic trajectory is the curve of maxi mum sl ope,
i.e. mninmmdivergence angle, as a 15 function of
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fromthe chosen TDDR wusing any function of sl ope
that |ies between the constraining bounds. A sinple

ndevBlopimérn of kfolsipropertiesiwithii ihe filrh OF ylglcapor&{k%?n@ #dlad theS: for
a sinpl e linear

b@%ﬁ? n, t hese constral nts is to.t

B GRETAT KR ST sEamvetiening i nolxerarseandymigss findhdrane
%Qlebﬁltﬁéﬂlﬂg@ofzﬁto 10bl eter ates this sinple nethod. In
this exanple 50 is forned by a |inear combination of

20 t hehgasac Scfvrei‘efeéwmtgdmndaw W’JW@W& faltlel rirgsent 1nvent10n in
t o X | on
o5 O A0 1 PRSP EGHL B

rl@gq)@@mau@bgous mathody eﬁ@qtrapqlatfngrfmt\uaﬂhs highai T]aDR fﬂﬁﬁ a chosen

Sl; or emsn%alnlg %‘&%I E%g{’?@gé r@Fc 8%%9(%? éBF’PﬁSﬂW"\?&WF Eﬂ)’éFSt chosen

rﬂB?Dlp’arAbmiwemeﬁtrva]ue CaraD s’ ©the ihiliR TOBR 8NdnityN Ve Hid rﬂ’&hod the
can be%p |ed over.different sections of the track

coastra{r“ migEnyR oy_qr@ac} or U hes a@pvenbgmazgwl%o‘@rfsed

HSHM/eb [} 1gﬁﬂanl@| a@@xdlly\/\éx‘hhnt@ BREREIpISEGHib Ql@thfoe fin \I%h%\ﬁ%nd curve
with different requirenments and therefore

cﬁzf’ figs Ry ecmhs minmum gverfend eansrainteryed22i angl the maximum overfeed

tbAdt@mt QubveS2@ver that higher range of TDDR In this
case, the TDDR of the previous section of |ower draw

t akes Stilh andiker clabseof bburiBpRIajectoniege@nde dbﬁneﬁ@ﬁ)ﬂ'\"ma?(ﬂﬂ sdifte
rnoss.the ra W ng. . Var.i ous

DR RIS LR tesklilovo i B theihibe sondition

pﬂnén@h&ﬂﬁu’bf@ﬁeadp@%dé@ préiiidipal D el dtiz88, it is ant101pated using finite
r.ai n-i ndq’%etﬂ BW%/St ?I | ization, onset of necking or

8 #B pnaysiihabhe Brncinst M Sresoidlactually gq intg shightzotpression under

@esé EondioRd! Msink Fnitt Bain Ma1\WPRPPRL

PCT/ US2003/ 033932 devel opment DfteORken clastic solid ponstitutive

RAYAHPR 1t 15 dispqviered thlailﬁ)ﬁ‘é'@ble lgritesikn ﬁmprﬁvsmngccbmmesstnl'messes may
bop 1ona1 we,{@e[h n%ﬂ?\gm% fan%)o 7 for strain-hardening

i n polyesters, I'nal draw values in the
range € DJDR)CMIDDRDr (’IEDDH)*(MIpIDR)))’edUrIBERf?or(MDDR) _
det erm ni ng boundar 9r the present

yn‘é ﬁjge]%torl es |
invention in 5 thé® B &(h@??ﬁp&f & i ng backwards
xeleQMBDR TORR chdiBf theldiRegcelialR. TIEYpG: lﬂfgtf?(ﬂd 6thea&51'esent

anal ogous net hod of extrapol at| ng forwar
ORIt Sﬁ%ﬁ@é’éﬁdasﬁm_f)houndmgamncmnm const r ai n| ng
traJ eggglm d at the | owest en
R QIR B0 R ) B 8 Bllibfone GRS byl
b‘@m&alorﬂrawnionys, L¢.fotrasy trajdctosids thhthib not B fild siigd Bétlidean plane.

C overfee Ulies, above the
%‘% r%urem ove Fafbé ‘Qfﬁv E?Ll]‘?]\tiﬁ Pagicylan @O‘T’Q‘a%(é{al?ﬁ?opﬁs BRUMB t s
&matﬁnﬂ rgjuire@éntd 6 this PRIFBRE eimBodieftdf Eﬂ%ﬁorwﬁﬁﬁv@nﬁw Y&that a

Lﬁﬂs ags bet ween the m ni num overfeed constrai nt
Sipstpatially sniaxiabdraw bistery may b Beiataimsd asing eofplinaboundanyy e

#2jQctories. The boundaries may be symmetrical, forming mirror images through a central
plane, e.g. a plane comprising the initial center point between the boundary trajectories, the

initial direction of film travel and the initial normal to the unstretched film surface. In this
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Still another class of boundary trajectories can be
defined and may, in sone enbodinents, be useful in
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iftaintaj fibt class pf trajepsories can be selg¢t¢d1@aan injtiah ste@s&lhlgmoneandamglther

#&gctiplgl nﬂhe? Iég’ ﬁxtesﬁ{lasg ?f {I]%]écto ?ﬁ{l fsrg}'ﬁr% élgfgesréné class c%'%ragctf)ﬁes
odn Helseleéted for emrhto thefsobsequ‘ent glehindzanes. The rati o of the

di st apce along this manifold fro t he, B dar
traj eCIIIGeRGTYIIFEn FEATPEsFes Al aed Yd}’i“ﬁ"ﬁ’é %‘%‘HW AjepioLfe

tonpridéhgQhilirRdh valus bR 6Latolit Ty, rid¥€ pteddtly SfprdxiBately 0.75, still
boundary trajectory to the initial center point is t he

Moy Iaﬁﬁer&hlwbgut&o%ﬁrﬁ&wen mpIpReARE Akly Bbouh@ 85, TlPﬁ BIREAWD Ky
E&Eu&lﬂ#&ﬂ%ﬁ!{ gn&i &kl QE # Bortibn &f thl BEw RELES critnbﬁ THBR

10 dista et ween t e current opposing points on
preéerdhdyoicoyt 2.5, ajllémomrprésrablm dbdut @.Okaall moredprsfemblyebout 1.5. In

ts)oerrtl We n t h%lasa ?1)7 cp?%ﬂl @g’?&{ ﬁag 34%; 5. t Rgov%pap cn%caqgf[ﬂ?é cegam

materlals e. g certain monolithic and multilayer films comprising orientable and

birefringent polyesters, may begin to lose their elasticity or capability of snap back because
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As two opposing points nove at constant and identi cal
speeds al ong the opposing boundary trajectories, the

w@eooorespendi ng center point on the central traeer/us2003/033232

changes speed as neasured along the arc of the

central trace, i.e. the curvilinear MD. In particular,
Uorhe HovdidenAbe duhBGR: SOPRARSNhBEARRIATAR. the Jh&cbl@mm
projection of the unit tangent o bou

tmayjcatneide y’ltbﬁ varety ghingtetial apdprocass (eteh eerrm@mmrahnd staaate)

Pf‘c fﬁ:l e@§§t§s¢‘ucﬂ d{ gh tl 3bb%sfogt%§ Snsep oetdstrg?l nc?uce(ﬁ f‘?ﬁ’t?l 1ﬁaélon

ustrative an eShstrued
AF hh ostimom tahe) of &1 aboye mchs seticablTBDR@As relt¢ @Chntagholuhtef non-
present- i nvention. As

umc?m@a‘fharc?c%%se?gn% &'ﬁé‘mﬁﬂq%ry stretching region can

cont aiAivativ® o BoudidaryiiaRctdtiésiad fA{labIOWES Wi Sabei{fif Mt end of
stretc condi ti ons. For exanple, one trajectory

ft%leosﬁﬁefaﬂlflg griode |In partigilary P%ﬁ%b?%f*iﬂéga@atﬁnﬁen@weé@p@aarf or

3R jebtolitd WherS TDORGH hﬂgasgfJ Mfis %ﬂgas‘?ﬁ 91oRE!a firlal forf 91}‘ the stretch
fromthe sane first class of trajectories or '

dfterashigying & TREOR off2.3,ang Hds lessitean 1 atdlre end Oétbleetrtteld (f)tbcr useful
%&ptoﬁsf:s o [ BEAYGEA%o pr%&ﬂlr N2l %ﬁe ?gﬁ)lpg aﬂ%ast 7,Uis

nventi on enconpasses a uni axi a
tat hpse @ﬂ@!verssﬁ%pmmqoof the sigptch aftmmchmnmg aMD®dRST Ak, (aﬁd U is less

T Pt TS 0 SR BABAS SRR it onenr

altapu&méh Wifere TDDRIS 561644006.5) U BanRhst 8i8dver Bfindd Bor@BR b BElstretch
a final QE:]OHI on of the draw defined by a critical

pach I5Yias & FRHR ol 5, apbU s lossshangy at the eg Ioéthﬁ sEgtelr. diieful
g;@n%b%ngs 1ch§([kdcoﬁﬁﬁ§r and ﬁf)lﬁ&ﬁ)@n% tﬁa?ée%e;wﬁere I?%E?least 6, U is

odi nents e critical "TDDR can be 4 or
@F feast @, QIOVquDNal pastiompfithagretchiaBer aghisyinga FDDReoft 255, and U is less

gql d@f‘tﬂeE@{QéHlayer films conprising orientable
|re rirngent polyesters, may begin to | ose their

eI ast Us,ﬂfulytragnctomapaibo intliye @bhlagarapd has koplaastisectordd wie
05033 S2Q03/ 232 _of the devel opnent of
U PP e o Spasl QE Rate 6B epyn a T apnaehioving

qnj]j[i@fajsTDDR may coincide with a variety of materi al
and process tenperature and strain rate
speci Misemg¢ P%‘Wﬂféﬁ‘ saglldeve] of Nbijtengion TOpIRodused infrethe stretching

u 194
ORREL b A e b AR THE o B
é@mnSlOmeCWQWSSJIhhrﬁemasaigU:har acter set into the final
film riety of, bound aj ectories ar vai l abl e
when Iﬂél }s{’%s ﬁ%llmg%sd S 4 ?%lﬁ% W%’ise%e TP 25 Eee‘?ﬁﬁlpﬁ’ﬁeeds For

pmmpbcd a sinallcpaflalub ofiUakrliet s €licltravid 8id{ €Al Yo dek BloRCHioRNUnRKial
cI ude 08-P E\é trajectories where TDDR is at | east
ta fhefnakiilnmy

ghfggiqr dn Fhug it dnay ke pdvanteegoys to ombie thamttributes of
Sﬁﬂidﬁﬁ erhjectBfylcBissed Grkth 6&’(1}!&2&@&55%6@” Fér e'iamﬁl@da Mlzix?al lp§1§§ohc

than 1 at the end of t stretch. O her useful
{rrispteRymenyi begrefereedin drecapicepmationa nlithe drave cvrbuaﬁuﬂater portions of

'ﬂ{e%ra%ﬂn% Emef@g Gh& d-lf%t {'r% ec%ry. it %f?(;ther arryngement, U may be taken

as a non-increasing function with TDDR. In still another arrangement, the overfeed, F,
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at least 0.7 over a final portion of the stretch after
achieving a TDDR of 2.5, and Uis less than 1 at the

wena405038he stretch. Useful trajectories al so pamismesn33232

copl anar and non-copl anar trajectories where TDDR is
at least 6.5, Uis at least 0.8 over a final portion

ofnay beea sdrriatredsingafih@ion &G TODR Gftet a TRRRI 8fawiatdo oiaﬁﬁi egmple
|§5Ifs{%$han 1 at the end of the stretch. Usefu

tra]éc i es include coplanar and non-copl anar

t r aj eclherunRSialheaudlid Qa&tbl% a8 €2 §kifdim sbﬁt%a?dra@ﬁng o%?he film.

9 er af|nal ortion of the stretch
gﬁ‘? i) uniforpyropthe Film cambrpchjeves Wléslsanytmafmei swentshﬁth

edfh@efﬁlfcoﬁtli’(ﬂ o?%hre%F&Rveb%@ﬁigévn&fébaéaﬁﬁer?tiuc%’?e K rsgrlb %g initial,

coplanar and non-copl anar trajectories
atndrawacfilnor gy, agupled with [theastefi0 c&ﬁro(bvﬁ:he &nfpleﬁ&ire ﬂi@ﬁﬂ)hm at

hi
otfhe Eth‘? n;z&{g%ﬁl? @E tdga(vs % IF%VI li]egr':l uglformeqlgq{gwgﬁhﬁtgbutlon across

| th@ ﬁbldun@ediy lamct durtnlgelrz@t ored i SnitiANPEEHEM 'bﬁhp%ﬂﬂﬂ)ﬁﬁlssﬁfﬁce in
al t hough not necessarily, th

V\{%st C sesn r al l)%/ t
anoun %‘Ucﬂ? s g par iy Ay sensitiye f"rfl%é@?féamtlnfgand will

Wiraw in esmjiiamefﬁhﬂ €ishBA ifSalipdr ahStemp&hidle &ﬁohﬁn‘%’a(?@ﬁﬁdéqugte For
tension as the draw pr oceeds. For

SHATPIEPAlRropylegss tE’J‘qe‘ﬁ '|ipggraw'y Ultdhlememawmm;amml dCértairs et
MpRlyestErs) r}ro%mﬁlthyle%‘%ﬁ%ﬁli 1@%&0&%2 sér{slqlve film Thus

it my be a nt ageous to co ne t I'but es of
var i odntundpratfilor Wemhms ogent for & Oﬂ’m&hﬂr&hsons including, for

t tari uni axi al boljc

(FBhBE Lol Bl BXRIRS Bt offr HRirRtiea s P SO AR B tcofn

tﬂ’my@f these indtarices, poréiohsadfelic flordchARS gtit{plngtrh&nlfq&@&‘a%yaster than
n anot her

pnve |fferent trajectory
arart énntég %ﬁe[r ? ef)%n MI) tepsiongn the fimthat cambimis abilifyfo achieve a

over {eed: “P["'R 5?“5%’“" 0o 8053 O AR el o

(henuniEtialitaicetonst mepseni A dewes MENPR h INTaHiBR vk ds MDDR < (TDDR) 2

%ﬂatﬂogﬁJnoqlgm%ﬁl@HLq, of, for exanple, 1.5, 2, or 2.5.
The ‘uni axi al parabolic trajectory assunes a uniform

spat i Wlong thpthglenﬁ a ledified paraboliGonethapataix Al trajedth9higelekted in
ke _achi eved with pol ynmer systens
i WD DR RS oA TPoRing i erks L vesana il oAbl the drave
(ha#tﬂqzaeu'so(rh Iins&klﬂﬁsﬂh)s odhdition Eiktbe aax@ll bbdaGse! A VAIRL of less than
awn film coupl ed with the careful contro

8?‘ lﬁé""F%‘FJ?J% f%ﬁltﬁaé’p’d‘?aélf’?u Btshopstances, a modified parabélicammther
dhiaki | ot t
hiekiBGrajde @y a¥ectE&Din ma{(@t é f|9?MD| m@ﬁ I?W enper at ur e

di stribution across and during
dr aw Banetheriempodiment p miodifleyt panabdlivronmiher irnpedial stajattoty is

Sl daife whith MDSR <RSI YA i BRh AR DR i
particul ar Py senstt1ve t g@rr% "Pﬁﬂl E%f}f’r?g?% '%ngcgdﬂ}elT is
thereasei by atleas - Sum|1f (thffélﬂﬁtfﬂafbﬁtol’;f is @Rh n@ftaiddior the remainder of
Lhepss gt ure uni f?rm % gre in dequat e. For

aw. Tor example, a later strétching zone 1th1n the stretching region 34) would
have a parabolic or other uniaxial trajectory in which MDDR is equal to or approximately
equal to (within £5% and, preferably, within +3%) (TDDR) 2. Asan example, the initial

stretching zone can accomplish a TDDR level up to a desired value. This desired value is
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exanpl e, polypropylenes tend to "line draw' under
nmono- axi al drawi ng. Certain polyesters, notably

woob@sdsgt ene napht hal ate, are al so very sensi PCT/®S2003/033232

Non-uni formfilmstretching can occur for a variety of
reasons including, for exanple, non-uniformfilm"
é/?lgacﬁ< Prﬁos S%r%rtha??;;lhog? F}ﬁg Es)agergtré% in nz(%)rr]xe MH tfx 1?)%@&%#%{’%%DR from
fhe desimee aslué b&Xh it stregchingvoas Gr &bmmlgms vadue nft}are ar¢ hat

in the center. This create nl\/Dt nsi on .in fiIm
{RRYenEg S UEICNE Zof5P) |C%e§}ert%g>’ i‘b“'ﬁ?t‘é’vsére‘& 1ng 2o 1S %?Cfe fyfnerease
MOBRDIOMuCBR PEBSPéimdtef OF this problemis to nodify

t he parabolic or other uniaxial trajrector to present
a | owegainmprt leastsogeripstangesy the MIRPRR1d BDP!)yat“”E Ipregp bey

%@Jé}t? e 28} L/aIFI f ofl1E€ i %Yl‘fty 1% QCJeBtaQIQ %r%hé@i@ﬁ In%uch

para oli1c or other” uniaxi al tra ect ory Is
metlaems,eue mndlﬁvmarabow@wtxerrmmylamaaectw of @19 o isgjching zone

lar r di ver r/zaII of the draw In at
fseas e%glrr%hwlg@!g NCES, (f]RI ss)conditi on can be rel axed

b ecauRéuming tv Algue Sofhelaematudw@pncauynndlgdes 8 peatfcemmadniu@ region

th | | h t
38 B GrpBeyh LPAY b ok e 44 S BBEE R P 2OREd IR Same
%b&ﬁmé&s gin (lsT;EHRhnéhJ&tsl&&hd dtreRADE ABFarfiH onypnsem the film

a nodifie ara 0|IC or other uniaxjal trajectory
aphead! leaslahe ednronesRef thofiy: cig. 20§ By er4ypeiin pugyidyer Bim,

Jasn%*s Qgéngl&rame Belb® tﬂ@*@gg@ tcafMRiohDERe Eiftn isl cfaecce@&ehayauat

east erent trajectory iIs
nempringnts exch mtenmhreturrehml yelew thdfir glash éranhitions. I;the embodiment

SRR S SR S8R0, S M o e g

stidtethgdegibh af ehitthe Muﬁtfhteﬂ'mﬂ:bdlhﬁm?thlstam}}way sytstenois independent

appr oxi npt e 30 e I W t hi % a refera

AP Bks Rotsbietyiqomperiadso) it Sark utehhich the Pt R Engfyed thkough the
%ﬁﬁﬁ;ycsl%teﬂmé RIRONC AT heANEAWH) JystBmRarl bdRny 8146€ LorvByanee dructures
desired value.” This desired value is 31 WO

3w 08cks 3 20,HE T MUBZ0pBINY BRI stchsp.dan xgmAls. FRpPEIng fraTf
%ﬁl%rof%ﬁﬁ?-[?ﬁ%sj ater stretching zone can then increase

the desired value of the initial
st r et tlhdong embndiments af illostratedin Hipsre WaTDehiifkagheangrobgag be

AR AP R FERF LAk LR s

vab,ua1 mat Eouhd B9 usdd B othed eBbodimAgabia sultﬁblataké-&ﬁs)t systenp  For
|nstances the MDDR and TDDR re tlons({f e .
esrapedhyigckyekihatale-guay rstem cpnRepositighed i ?13“*1 gslowly

%ﬁr‘f’v I“& a.% klnglgoﬁgpb'o@ﬁ% mBfE: th;inrhb&‘ﬁcsh) thiclgh ANEREa por?on of

c or other uniaxial trajectory o
ttlhaaadsmmdlabnmg regtoolté aldpw fon @D, shrinkags ef the filsal with coglingh The

(tracks) 1r|\1/Rnl-i)sR co@%%on a:l’low the control of TD shrinkage to increase uniformity in the

shrinkage. In other embodiments, the two opposing tracks can be diverging typically at an

angle of no more than about 3° although wider angles can be used in some embodiments.

This can be useful to increase the MD tension of the film in the primary stretching region
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Returning to Figure 5, the apparatus typically
i ncl udes a post-conditioning region 10 36. For

wez@aphs32t he fil m maybe set in zone 48 and quee/OSZNO3/083232

zone 50. In some enbodiments, quenching is perforned
out Si de the stretching apparatus. Typically, the film
S t

g)hfo§ rééﬂrigiﬂ%/cgﬂge #ﬁﬁgr{y rPS’P ]‘}ayeﬁ%ﬁ‘{ﬁ asHle Jraggtéc{] Af%hnSpaﬁ axes of
teﬁng%a:td@xeacrbsﬁtbmﬁhme gl ass transition. The f| I mis

que ed whe onent s e

evel MR A DRErpris RTE S P Rt FRRE Y SEPRE-Ehbbhratin
iy tHelpositiomilenk the sﬂfdt@hﬂg&pﬁaraﬁs atakeeinay tasg/-s\tz@rrsylsﬁmtgs@dthe
to renpve the fil mfrom%‘iﬁg&gn mary . stretching r

B, a5 o ed INTUBYT bt-ch AP HSRbIOVidRs Qe gl Ggidiyol the amount

SV seRAink %o WRRERRTIANS subRbtel] Fifin recBREd B4 &b 130°, 141° of a take-
connected to) the tracks upon which the fil m was

avnsten cafliepinghe draw (shown by dgtted lingy I@rFilg\lge Ha g1t genetpily have a
LAkRR *ﬁ@bf&)ﬁ%{ﬁ!}% gﬂn &{e}%vé’d% Jﬂnlci& PARJ” YAY 3G 3%%]%{?3

suc as tra ng nenbers s
bomtloaxdahpdr & the ppws(slmgvrsetsshdifneiﬁl Fbg\lrt $1)o rTht: &akt-eway system can

nt S..a ustr.a ure .
ot Bl R P Rl e e SRR B prosine
tricke lsBthd ke, awiﬁiyste%llﬁhdcﬂﬂicﬁl aﬁgdked“(aﬁSysfeﬁfmragd dptionally, be

paral | acks 140, t haf couyld be used in other
é??é‘@ﬂﬁeﬁé%i‘ Ewozf djustraqpt infhe n@gRéﬂ‘ BRINHER  For

ex a”’p)\ﬁ‘othérQﬁarhﬁlé‘ﬁk@p&&bk*ﬁﬁceh%? g@iféﬂi’m@m&és%me%ﬁv@@ifferem
positioned to foll ow a sl ow convergi ng path

fagEop wgthawaéaﬁﬁgl teaCbs W0, Hd» i &% hEhesesgions B be Frmadpsieg two
SRRl PRl TR L, P AR ML R 1 o e

bmhmﬂmentmlltx#tra@dom AfguguRathe Grst sigloowan meludomiake 1 4@ fl4 T{bat are

P Bt L eioie o Okt ok B S 142, 1o

6H hesgbmDrepispd @albk padllelam otﬂd’l?@h\@odiﬁleﬁt@ thdppotihgtack ofifthe
3 al though wi der es can be used in sone

I
%@Efpﬁ%fﬁ?@om%@n P F% ap e daidererd senyergerreianglpsiePEovidiel D

V\gyboﬁ‘frolt Deaebdribld htdve e tHeMHrdBegiorsdah BhveYaPle! BRkOFhd the
004/ 050332 PCT/ US2003/ 033232 to, for exanpl e,

S@dmt@gpn dpeertragkndipposed ot @ convergerysenglad praede ZPishrinloge
?I&}t{%i I RﬁérRzﬂlve n%dcgaonaflf ftll;e%h de?eréxﬁl feks @81; t?esﬁ?t &tlil\go different

I'n" sone Ion O

taka&vaa\sﬁgeds yosdeesnpixathe prémargt Jsm@tthaxhg xeglbm fromartgkeaivey region that
0gJ tion an the retching apparatus at which the

la ‘gsﬁﬁﬁﬁ}"?ﬁ ™% the 5 film as illustrated in

Fi gurm ohé emiﬁmlﬁleaccu tHStaRDAWdyt systh MisHRSd ATz Y2, i tracks 142°,
control the anmount of stretchi nE to which the filmis
Br

dtrbjaescestgd withindhe erpepipg tradky 144, d¢ keriordgreceiying thedilmg When the
tﬁﬁh% mﬁl re%é{% g%@&vépbf;ﬁg frkbxct m) q4 ﬁ%e(tﬁaBMzbquMeqsl the

'l nes |n I gure general 'y Rave a snal

]Sﬁlmﬁbrtlﬂasﬁramm Highiel 12\ Irecthéneadiodipnentst thaetposing @acki 440 dftl, 142,

&}4§ are posmor}éd 3y ﬁltugt{rgted in Figure 12 (i.e., not nested) in the absence of any film.
Another example of a take-away system is illustrated in Figure 13. In this

example, the tracks 140, 141 of the take-away system are angled with respect to the
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positioned later in the draw (shown in solid lines in
Figure 11). The take-away system can 10 al so,

wopttossBty, be configured to all ow adj ust ment PCTVUS1083/033232

di stance between the opposing tracks of the take-away
system hi addition, the take-away system can al so,

I he
PRI s (R U5 SE OB, A3t PR e
ptmsdmtgl regibm K Eheoangle of ;hettwnbppmsing darsepanced madtanisme can be the

dlff rent re svvlths arated. trac

o, o el 8 8THIE G106 1€ aBP Lo F LT SR e baes B +
?&Qﬁé AR 8PS s:lféloche defdr t@a@g ifp?oall}‘bgls Qtfle'%P P‘Oa?l'ngn bd @Chgle of
as illustrated in Figure 12." 1 n one enbodi nent
5%, [10fs o 2400 dezreas oFimyee. elhe2ngle hwodld catrespenyi tomhecxamvargwg ade

hat are .di sed at onv ence

b aBe S et ited BB RleFoide B BRRaleo Bl e B R K
tAhBodirhérds, tlhd’trdch§645ﬂmh)el’l;d11ﬁz&g stRBirgatndenpib &b ld&bosedi Bt an angle
ot her enbodi nents, the ogopos ng tracks of _th

diend the BAcksrlali gk ateanglep at & 5P +atand o Bir P%‘Flé?ﬁated in Figure 13
9\% &9{%{& gn%'s@ﬁ fn@m Qt\fétgﬁng-rz@ng%r B&th Icaxkﬁs%efﬁmt;ﬁ@dlde

scr| ove first region can have
ﬁanawlhee«t the rpancksal ani of h@s o'é@cmmrw efjihe filthesueh astheiefactive
osed { a.conver €.cang t rovi de
OB RRE Bl Bt RAVERERERBEP G b RY AT oo s g
tthaothel taﬂcéeweyl ﬁystehﬂnkl&s edth réspecs e;tthaprimm stlétéHimg Ak is adjustable

t akeawa eeds to.decouple the prj stretchi

PN of PEFHEn SR & PRI BTl v o e contiel Pgghanism
bPbdenove winkles. 25 I n one enbodi nent a the

take-away systemillustrated in Figure 12, the tracks
142", Tn somgembpdimanis HEAE 41l 2814 AKREWAY PSS Hettva eRROSTE fracks
ORI ReERCEY W s MBI D e
bteedtlina gridscated #ilm 2t1Be e DDR}, heillugoidtin Giguid 13udn pteed

enB&Qi@%&t%éﬂ'e%?&%%p%&gge&ac Zgéfb ag%écllsltfog%d tgpgcgﬁc’vier%lge film so that

Itltd TR &;t(]?ffer'bﬂt £l tlgélfvﬁ) dppoding tﬁicks (gt doll,’tledi Iu&?()f Elglmf( heindicates

absence of a [ 30Anoterexnpeo t ake- awa

retfw pagme Tﬁ’lﬁgi raaﬁélaﬁatfﬁi ipFigypeel 413 lsllﬁtqr ﬁ?ffguaieawné’f vide

tahﬁmwlmq}fépeﬂtfkg tha@-éﬁlangé oJehﬁe trpkmanRn FyiRtmm ar e angl ed

w th respect to the 3 WD 2004/ 050332

PCT/ USaiady ogpationsaé ufheéirlmu thas wete helskbyfthe grinping membery thjough

f

S AP A Bk Pt P il o Pkcial ar

cloonghyarsobstantiethyaall ofitbe drawm htse)r)t fae S}SHmBn Fignb), emherpideqf theen

angle (3 or the angle can Qe

ot ot s o IR G sl iR SRRt g erab g puged i the

Qirfieted Hilra Ak at A YHiKEPdint,58 1A duScalbe hRasht 5B aad dashad? uh&asld

a %Ie of 55, 10, or 20 degrees or nore. The angle 6
WetioRs Yiande gisrded t he converging or di verging angl e

d escr RQ@%e %Pﬁ’x\é %el(r%ep ﬁ&wa%mmow gﬁ@%c G Qnbe Qbfre

In some enbodi nen tracks rn the primry
sontaueusiy govzcme relaase &bmdlwmtmmswcmmm sueh hetenter clips,

should preferably be done so that all the material under any given clip is released at once.

This discrete release mechanism may cause larger upsets in stress that may be felt by the
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4) and the tracks 140, 141 are angled at 4) + R+ E
and 4) + R- Eas illustrated in Figure 13. An angled

WO ad0a/050883 Ssystem primary stretching zone, orpdDUR200&083232

be useful to provide 10 filnms where the principal axis

or axes of an property of the film such as the

r dlawangtweb@pstieatten axiestoAbsist BRactibhi of theliSolARg tad, 'didzvice itis
respect to the film In sone enbodi nents, the andgle

t ngﬂf {0 45a R EQUIRMSMSSe YegsTeRARAtion meFhanispais eacdevice, e g éhe "hot”
PELHRRY of tieet e b £ Vi )t QR ral SorBEHh b‘ﬁath%Qﬂeﬁ, drdTAPHR] |y or
mechani cal ly using a conmputer-controlled driver or

ot her Thestittiag lasatiandm preforably logatedmearidhongh te tree'gripline", e. g. the
epbeciar I : ke- .system. the [wo
oppgg%ng %ﬁgc éﬁggﬁgﬂg@%%??%%gﬁﬁ?gﬂgé@§%¥%ng%??ﬁ?ﬁﬁﬁ?ﬂf‘

t $reaySpsiam,de menimizeam rédatd spressi upbdtsaupsFEDR A thktebmit.t Hehe film is slit

I i ndicates filmat the sape TDDR), as

PO e s bR B R s oo BB e ral o
t omplopoysiilng'shaphaks aloA TD1 Ahe Al isPRS prd IS stiCat bEGSINBeam
t filmso that. the TDDR is different for the two
o(%gla)esgrw ne. Slitfing 16@%cta6:mr(§6s3| ang,aas s#chypigally hipg a small but natural
| ViibGati® SpatidOloddtom Brus §thie i gl ! [ afed
in, Fi gulr gpall4. 0Tl’t11i s | elllts tter_yi)gg%ifem ?lggﬁ%hlgk dgﬁﬁwa‘é‘ Ofgle
f§IPHISAC RS VBRI famnegal variationsin sliEingfrem otteridDiditreremsf the)

iphilRe 1ffd TV - tipns of the filmthat
AEPLRE L i SR SO tiont BB AR B aieioe it i tegpepn the
sekeavashind dovmigiyoimjectey wilhemetue (3 etra1et 21618 TD.SBince only this

[ uni axi al draw.  throughout substantially
PRSP e s O B, 5 o i s, i e o the
dndndafy ttdjeta2f cdating femheetsdshupictthatch@d bRPhSHY upstream, for

portions 56 are preferably Sever eofm11 rom

di vergi na ed@e i _ k
{FRPIEuntesrallg lqvels of machie diregtionitenisioy ppavagating 8pstsamut
can behd@igngik pRferay i : Qrgiqns 5
can be di scagzral déd. ,rRefglgglgeS%? 9{ ﬂééﬂ*ég%‘légoe%&fl%aﬁ%vgry Wit the
CHETIN GAksa ! Ropitians pasdddan acsomomdath garihbleefinal transverse draw
i - \ e, |.ease. from di screte gri pping )

S loR RS oBl G S in R 35 B AN acBland or i
fiyrsfoé slittihg/systemdothet the dtalvatticadah bt bdjugied WhilethaiAR&g (R ¥raw
%%0 Qsh%lf' R, is rel Ea ?d at ?.nce. This discrete release

chani & m PV e ke pyaslitine @00t 58 stress that may
be feltvatisty bhﬁittir?g‘ltedfﬂiﬁ%@@ﬁﬁ 86024 2ncRfdTe U903, Q333 wire. a

r aw ng % upstream 1In_ order to assist the action of
e ¢ Logssd Dryn pLIRRSER radigtioner a facused jetiof béagedra To thewss of

AR UG, Bk 3A 1R SRAERAADERG WAL STbI, L RS: in e fiim,

device, e.qg. . sl1tting e selvag
£i8ebihent soffnipg melting aofl centiobed featturelnmiantht ljdtnAlteHeively, the

$bdtd i ion is.preferably |ocated near enough to
iy R s roRl ] L ik opn ornr
dfawiiigisposef be e stitt diversimoutidary fGe@iricB RN (8 Sudf
tfrggt%t ?ke- awnay Sésﬁ,e{? to. m nimze or reduce stress '
UpSRF SOVPYTPRAIANE fhit hested Sige Hroush theragtior oficantinyied film extension.
The focused jet approach may be preferred in some cases, especially when the exhaust air
can be actively removed, e.g. by a vacuum exhaust, in a controlled fashion to prevent stray

temperature currents from upsetting the uniformity of the drawing process. For example, a
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before the filmis gripped by the take-away system
i nstabl e takeaway can result, for exanple, by film

woO sevapbessk” al ong TD. The filmis thus preferabtyusioosn33232

at or downstream of the gripline. Slitting is a
fracture process and, as such, typically has a small
t._natural 10O variat] ' ' I ' '
PRt Hlrdhes g 3ph b R ndeSRRp s, REARARAL, 1 HRals
aideplenthehd jot, pgoanahd othersideefiherfam, saabe asddoTise dxhaust may be

[jtti fromoccurring upstream of .the ipline. If
o5 o[ QraURRIGTRenLe SO P SRR P HERRLICE S B ppgifgam into the

@hivild 208e. the film between the takeaway and boundary
trajectory will contipue to stretch along TD. Since ,
onl y fpatacr apgbute effhorke-puasytamiisa metiedipkorpadgnd of MRyignsion
8RN sPthat@he AiPlah bl REnHE@W 4 Bhriner doflpatiblY ith el Mul Speed.
boundary trajectory, creating further stress upsets
Thiatakeowhyl S)ptegp@gbl%/aésolhggpqdetg ppll pefrany egidngd (ainkles in the film. The

e

mbbdvway spaed abevepizsautpud gzebd ef the findiatleased pantiow af the diatvin film, or

the .chan in keawa gsitions, needed t
SRR DR OR e paPitl: S0 BYUE Toh gt Gl MR g
dadingoffinuddi sisetdiBile.in thbeasposa fuperuridxidl v iakke fd@yortion
system_ An a vantage of this 20 t)épe of slitting

sl drpwmlhesnepef thakavancanapliodecstope theMILvedesityuef the film

?B{QQ R %Gﬁﬂagrytt{:bﬁc%@é"éttﬁg é?'fé)'lgh@ BilidT R R¥ed 1O ¥t} Ghd ﬂ}gperties of

ake-away sli ng poi nt A variety of slitting
thedtimi qbsoveraspedsiotihectakeawey caiatsg redupecthe final yalue ofUhnd is

I . £, . f ol S i@tlon
Heky et B B oo Py R RE R EA R e b BAREA LR et
heat eThg @dcesd ala ingluddi@ rahsvahportitoeinsedidn 38. @pftioyallyatbBer 65

in the jet to blow.a hole in the. fil 5.e.0..by heat.
B Ped “dran i B Py bF Bimp B BT LF IIREES s no
juSdd-as AR @hia¥ethy strebdhed filkesd ®h iR tattérintpBleatii t& @drhA8 the

a focused section of the filmsuffici entl¥ to | ocalize

sigtehed film g Agothergut ¢Rsaseke maderand urysed portion @l janbe discarded.

k& ' id DbiRal5AkbLE On FIR Wr44thr usk.r ARLHERvel
gg%}gﬁ%ﬁﬁ%%%&s |§§mﬁ%§ ezg I ne@tg?w ou% the act |ﬁon o
direat oortvierting ahafy itdkeplx¢ aftes takm awayThe f ocused j et approach
may b referred.jn s cases, e cially.when the
exhau Lo B P SEME R R i RFS co B et b g S be
vpslied 10 ekérattsiching Bpparatwad ihcluliag theashveatiorabtepteev@ffiguration
stray .tenperature currents fromupsettin

dtstapdinc e 1+ hgugrldilysgatsd av eaodimeyt %\%’%ﬁ%ﬁ%ﬁa% 64grom a
VR4 RRA3 Se%io%’j(égl{c%@ﬁwn@a?z%%%ﬁgingq%g@mma@edqﬁ PRMEL1)

ring aroundthe nozzle can be used, Alternatively,
aontewp miser thignghea pastiethofiapest-eonditignigg regipnt ke Hirmisrthesi de

. ' . f .
Shybls L 60, R Uy 05, SRR 4 TRLERG, L acin
of thayrat kst an psised anedohthe filrh end adloswfionghrinkage .of theArimt fhesome

3%5 '?1%%}% t efe?éggwtdatrlggﬁsal\%%ol?# etl S{)T\]nyscor?verrrg?ﬁghga% ?nfnak?lpgea%dangle
0 of no more than about 5°) through at least a portion of the post conditioning region to

allow for TD shrinkage of the film with cooling. The tracks in this configuration allow
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control so that the filmcan be renoved in a manner
conpatible with the output speed. This take-away
wayauem3snul d al so be used to pull out any resPdIrEb2003/033232
winkles in the film The winkles could be initially
pul l ed out during start up by a tenporary increase in

he tak .Speed .above t. ut put .speed t he
i ot et SERURuABEE P RSRE pRTm MU SHPRER. 85 s4B% e
embstimmests Glﬁmdrafékb%mlléve d nout agg;esavalpmivaigtng$>pqunamhg; e
the out put fil peed during continuous operation,
angle ¢ phatiegst 1éa§@d &ﬂ"cé”% ks rangs ehd0a F“doaroa)\/&h'iOHg*{)ﬁéeaF‘i figrtion
epﬁ]&g &fmdiﬁr%% idie pﬁ@ﬁ@@mfshhm&gs @&%Wh&ﬁnn @ktﬁ €ooling.

Pove D vél ocity of the film along the

bo&mtteﬂn}bOﬁmnscals dhiseasechin Rigvee b, iths| posteconditipring rggiop éncludes

S alter.the
BRI B et R BEERL bR alrersoR ot hing a2, tn other
embodimeiits,dnBnsheisst of frackadbéimd thacks 26dds sedt hi s
consideration in the context of the final end use of
the film The process also includes a renoval portion
inr egh@ﬂe&ﬁt 1n€$ﬁt1ioﬁ) Elﬁﬂuld)/noﬂbd’ &Wnkidére® Bmitedo tbfﬁpalﬂﬁcﬁﬂfarfeﬂamples
advance the film is. may be elinnated

pesstibgdaboye, phga?héq qh@‘llld @5 qu:?rSﬁ%]ld to avepalbhasppdts Qfghs ppvention as
08y ?&Buﬁt if %esatttﬁﬁ‘fe@ BRfnd '\l’dﬂog’szmmllﬁthtfon@ eQlil 28 BRcesses, as well

potentia damage the stretched film Another cut
@s)mnagro@estmau@s tnwhicinibs etbsend FrtVﬁnmn@lathWPbl@abﬂP & H pefeegdily
V\Bparcan [8 tlhr oﬂf nlg 1 npﬁ‘\l ?lfo wﬁl‘@@%e%&?éﬁ nrgadeﬁt\ll phﬁ:& Céd?’ué)grtl review
a:)@mftextstanng)emﬁyattoake pl ace after take away. The
principles of MD and TD shrinkage control described
above can also be applied to other stretching

appar atuses i ncluding the conventional tenter
configuration illustrated in Figure 1. Figure 17
illustrated an enbodi nent in which the tracks 64 from
a 25 primary stretching region (such as the linear
diverging tracks illustrated in Figure 1) 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
conver gi ng path (making an angle 30 O of no nore than
about 5) through at |east a portion of the post
conditioning region to allow for TD shrinkage of the
filmw th cooling. The tracks in this configuration
allow 36 WD 2004/050332 PCT/ US2003/ 033232 the

control of TD shrinkage to increase uniformty in the
shrinkage. In sonme enbodinents, the tracks 264 foll ow
a nore aggressively converging path (making an angle
4' of at least 15, and typically in the range of 20
and 30) through at |east a portion of the post
conditioning region to provide MD shrinkage control of
the filmwth cooling.
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5 1n some enbodinents as illustrated in Figure 17, the
post conditioning region includes both slowy

W@ eoMas@BNg tracks 164 and nore aggressively cPOV/ESHI0B033232

tracks 264. In other enbodinents, only one set of

tracks 164 and tracks 264 is used. The present

&‘;A ié&gﬁ_%&not be considered limted to the
FETCt 10 descri bed above, but rather

should be understood to cover all aspects of the

i nvention as falrh% set out # ﬁ%he attached .cl ai ns.
Vari dus moWiPPUALT B ETOCEHiE ¢ BT HPARBL SATPIIURE e |

as NWRhHAYer c&hﬁF@&&l hifBarfafgedhb Edhvi e BIR SRAL a MAYEARE diffdtion
K be applicable will be readily apparent to those
withia jdhe apparpfus, e Cmveyc)bcmr@wg EHePipg weshers thatap coniguged and

%r 5l tgjt R BB orfbnstdthel i ém&p@ﬁhé e&@%yE@ﬁ 37
04/°0 2003/ 035232
anﬁgurediprpbmangmi th @rovmedmgmgrgﬂa afong mhichiike ampmgamn@ers
gonveyor configured and arranged to
ﬁ%@fg?ngﬂ??$ ong a machine direction 5 within

t he appaatdiake-ive sysiem ehadrecei caaphid Slimitjorg It}iep:phmor after
nmenber s t hat conf| ured and. arran old.
S eTetl Gl S S R e AP A 8T PE e
FRAVAY Bdnfighred GRNAk BigéPd g@e@ﬁ opffokiap weamy REME 8fthe film after a
di vergi ng paths along which the gri nmenbers nove
fi%slrgc% graquek of sirstehing gnd egngerathe P@’@Flaﬁ eﬁ‘é(méreawa_s/ogtp%ﬁ@rﬁlong
Sw f f
b SRR wh i he (B RdoRSRR  SAR IS t Kt g porton
ob@osmm@ngHa&ksﬁam@hgﬂmvmiﬁghOﬁembers configured and
arranged to grasp opposing take-away regions of the
filmafter a desired anmount of stretching and convey
t he OpposiThy apikaussialain @gwhensn éfe dppesirlg ttavkedro mepledt thward
opposi n tracks wherein the .o ing tracks define a
F@S i"Esi‘ﬁr Fang g fif‘ﬂreéFnﬂt}é%‘ls‘Fe %PPBSPg &?ﬁ?f of the opposing
tracks are angled toward each other. 15 2. The

apparatus of claim1, wherein the opposing tracks are

angl el t ovidke @ppasaatofsiainad, wheseip cagh of Fejopposing fEcks qomprises at
?[ 2l %E@%c&%ﬁa‘}ﬁ% sec?bnd PQ& s@@cﬁ)‘rﬁr ﬁfnéfec‘in Qlte ffrgt‘f’ua@ gectlons of the
erelrn eac e opposi ng tratks conprises

bpmsing fradksastangled ¢dkwas@each otheand a second trac k

section, wherein the first track sections of the

opposi ng tracks are angled toward each other. 4. The

apparat us Tk apparatii . claidia| ®hdicif @gdh of thetopposipresky@mprises at

tracks conprises at least a first_track section and a

a8 St TR Ae R ATIgrPoooRH Pl S5°icHe R i seFardiirack sections of
%l%%b&ﬂ% tRkks are angled toward each other.

5. The apparatus of claim 1, wherein the portions of the opposing tracks are
each angled toward each other at an angle of no more than 3° relative to the direction along

which the film is conveyed.
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25 the opposing tracks are angled toward each ot her.
5. The apparatus of claim1, wherein the portions of

wo b@40ppesi Nng tracks are each angled toward epChustto®033232

at an angle of no nore than 3 relative to the

direction along which the filmis conveyed. 30 38 WO
2004/ p503 PCT/ . 033232 . r.

ol ai i, GRS 1 eip e 06 BRI ThEesB] tan angte
adtgive to thediadctivealbng whieh diefatis @avakedng whi ch the film

Is conveyed. 7. A nethod of processing a film the

nmet hod conprising: 5 holding opposi ng edge portions of

a film usiNge@bd PPHrocesSBNDAIS ithe EAREdhipEisibpe fil m

al ong diverging paths and in:a nmachi ne direction

wi t hi plding eiPogifig RISSPOFoRs ofp Hm wingierigpiag MSEbESpar at us

to stigl&hhel thefifn !;1%% &ie&giing b 4106n b iaPRiAS diffction within a

stretching in an isolate ake- away system by graspi ng
siraidwigregiompice wigtohingagpasaies toftretetethe films usi ng opposi ng

gripp, . ; e- . _ .
oy e RARERRTS ol 0N RN A e V63 5 B e
spetsmptake-awhy egionbef the iineaising ogpdsingignigping meetbsrs af the take-
ang*eq:tp rd each other. 8. The nmethod of claim?7,

B ARt HE opposing gripping nenbers are angled 15

t onar @neaedy thé Hied thadu@R @ partiot BE the Rikk-@WaY §yse ihMich the

t ake- away system 9. The nmethod of claim7, wherein
PP@SP&%I?F&%W%‘?%“E é‘iﬁaé%‘ﬁ‘b'iol""g’@sea%h othfast a first set

of opposing gripping nenbers and a second set of

opposi ng gripping nenbers, wherein the first set of
oppos’-ng e msitheg ofelatye 7 svherain tha gbraging gwapidg awmbers are angled
9&-{}% eac}ggthgroal?n-rha% egﬁxtel?& hogf tl?elt el ay sw? en the
take-away sSystem conprises at |east-a I'rst set of
opposi ng gripping nenbers and a second set of opposing

gri ppi ng nmbers, erein the second set of opposin
ori pping MRS plEaltn T Mhereis (B tkeciya SHYFR POy af Teasta
i sétBt Ypdsiff gippihgdmbet1@Idel sBeonh SetRObBHoBiINg gﬁpﬁiﬂ members,

r

opposi ng _gripping _nenbers are angl ed towa eac

Fthesin thg ﬁrawegﬁfgqpeomg HiPpigmeentheEaresangler dawayd eqch ofhise
direction along which the filmis conveyed. 12. An
apparatus for processing a film the apparatus

conpr 1Gi ngthe3@tizdcofnlandl whermip thesthkegavepyispyém gompnsbeatdeast a

tﬁrr]sf%ltset QP (l)p%oglgg grsql)pri] r%grggerg a?nrdtaI sedbhd (s)ef:t o? Qgposing gripping members,

wherein the second set of opposing gripping members are angled toward each other.

11.  The method of claim 7, wherein the portion of the opposing gripping
members are angled toward each other at an angle of no more than 3° relative to the

direction along which the film is conveyed.
12, An apparatus for processing a film, the apparatus comprising:

a conveyor comprising gripping members that hold opposing edge portions of the

film and convey, under influence of a drive member, the film along a machine direction
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filmand convey, under influence of a drive nenber,
the filmalong a nmachine direction 39 WO 2004/050332

wE0SBEeD3/ 033232 within the apparatus, wherBCTUS2003/033232

portion of the conveyor is configured and arranged to
provi de di vergi ng paths al ong which the gripping

ne S nove tg strefc fil and I SOl
PRRESS e e Do Ebal Bt ol Ftp st fpfiheea o
proride divergafgtpaths abhg ehchitiegeriphiag iiehtbers infose taketchwaey/film; and
system.c ising a first set. of opposing tracks, a 5
s ecorfl IR RGTHIEM HhaL g vesdho iy e e cgpvey prafter
StkdtdhtigtBe MY RRY tHkeCaWAy Is ghitkdre Qorﬂﬁ(iir@rarfﬂﬂgad)fb?pcgf $#icks, a
opposing first take-away. regions of the filmafter a
RS8R HOTAPPORNE tHCks, & PREIEN P stamigrine merpers [ganfigurgd and

i ing $rst GREQRA 86f4He fifDskR a R hinbY

géggg%%%%wggﬁﬁgggngmnenbe?ggggﬁf?gg?éd andaarrgnaeg ?gf
efr<idingopp osiviay the didmntpng diedirstwetyoppesiiigirasks ind 2 plarafity ofisecond

nd.cony .l I t C . ' .
EOREN e DR M 0t 55 DR Ll ORORPL Mins o
tedilaandcawey the fibh alohgtheistdond beaof dppesifig tradks tvelicepimthia gecond
regions. 13. The apparatuys, of cl ai 2 erein the
EELORD et h e ane Shite Bl Gtk S Puged
to nove froma first position disposed at | east
partially between the first gtigging menbers and a
secont?- poshhe PBRfratys qfflam 12+ehessir BREcGPT BRRYRE RERBRET ¥
éorhf%ﬁx_%d 3R arRAEdd 1B nlobe BoRPPESGHoRIRb YRt 1dst Siktially between
gripping nenbers. 14. The apparatus of claim12,
thedirssigrippihgmbinbers angl 4 sspondposition iy whiely the sgeghdghippingmagmabers
each, ot her ... 20 ....IThe ratu f claim12, wherein
ERIOUBB dsphsh Pary HEB ERL et Sl (over " each
other. 16. An apparatus for processing a film the

apparatus conprising: a conveyor c ri.si.n rippin
Tonbelt t R SRR ¢, WREHRn (6 GHEPIBS MRS 98 tngled
tdWaa @Rl ogenvey, under influence of a drive nenber

the filmalong a nmachine direction wthin the
apparatus, wherein a portion of the conveyor is
configure t ' [ olp
a|ongg§higﬂ@?ﬁ%§%§§%%ﬁﬁalgﬂ” é?%h%§$%h¥gﬁ§%ﬁg?gﬂ$$igf
fingled towmand each dtlswl at ed t ake- away system that receives

the filmfromthe conveyor after stretching the film
the take-away system conpri sing opposing tracks and a

pl urald.ty A appaftugforppécessingeifiiag the appuitgeuoatprising:
arranged to grasp.opposi ng take-away regi ons of the

fi | m RFAEFYORCRIBIIISINEETRRHE fiembers dhat Bold RpRRging sdecRarany of the
08 2APRAFEY) OndepkBuEWR B f § BH ORI, thd'Em AGhg¥nachine direction

2004/ 050332 PCT/ US2003/ 033232
within the apparatus, wherein a portion of the conveyor is configured and arranged to

provide diverging paths along which the gripping members move to stretch the film; and
an isolated take-away system that receives the film from the conveyor after

stretching the film, the take-away system comprising opposing tracks and a plurality of

gripping members configured and arranged to grasp opposing take-away regions of the

film after a desired amount of stretching and convey the opposing take-away regions of the
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filmalong the opposing tracks, wherein the opposing
tracks are disposed at an angle of at least 1 with

W0 e@pasiz3t o the machine direction. 17. The appP€BUSB0®033232

claim16, wherein the at |east a portion of the

opposing 5 tracks of t he take-away systen1are angl ed

Wﬁm alrong1 aﬁgpo%}ngo §dﬁsg ?rga— Elﬁhea%Bgsrlr?ﬁt tlr‘lasck a?l&sgzl ;}ain nélﬁ tof at

agllewitimrdspect @pembctie dikeetiamachi ne d| r ect ion. 10 19.

The apparatus of claim 16, wherein the opposing tracks

of the take-away systemare configured and arranged

t 0 gresp 1R appupRsd ¢T8laiak 6, aivwadin the gt 188 a Bbrtibh 6f the bppoaing
position in which the opposing take-away regions of

ingko of Tk R TR SISIHEAT? FEKEVAE SagofsE | onal dr aw
rati o. 15 20. The apparatus of claim 16, wherein the
opposi ng tracks of the take-away systemare

conf i Bur edlhanppasatesefglaemtl6, Wresspthe veposmgderkegre disposed at
hﬁ&?eh@ﬁ%}/es W&'r@s&&t% th %%clglhé HeBlion. 2 position in which
the opposing take-away regi ons of the film have
different transverse directional draw ratios. 20 21.

The a us of cl erei.n the. diver at hs
Lo oBRRT A nuante el ot R cbpSireiek ek B avay
68 e 6@THglfell bR®ar@ingéd® gbdsh MeloPp RN tad-analy Iaegﬁ&ﬁ REHe film at
to a. machine direction of the conveyor prior

SPPBHUHP Niqhke qnppFing lse-avwgy raga@%%ﬁltﬁsﬁlmd}a%? 696%%@4%%@

firkdBond REWARRAT @t us conpri sing: 25 a conveyor
conprising gripping nenbers that hold opposing edge

portions of the filmand convey, under influence of a

dri VeszEnbﬁ1 Bé\afﬂaect,! &fl B Vﬁllgr\ghe?m%%% ? %m% glf[aggtc;f?he take-away

within the a on
syseneste orifigued ahd aneﬂ tanthsp ﬂrea:pg@dngttﬂce gwag vegikens of the film at

di ver. pat hs al an ich the rs nove

£ oShp e aipe R ki e br e e S ey Sstiroe
ahadiioh2 etivwvBos he filmfromthe conveyor after 30
stretching the film the take-away system conpri si ng

opposi ng tracks and a plurality of gripping nenbers

confi gur edrangd, Al ANaeE, e, Ui RRRR SRl

regions of th @% g"d g/‘g eg%,g%{é %‘%‘5%3/ 8%%2@%“6(1 and

frrhngedifo stretch thsteﬁimrse dhag aroemtgrlingf of sher fdmcik hrpledawith eprecety a

t he, .0 e- awa |on h filmalong the
S R PE R SRR 8Nl Al & ont 1 gr ed

and arranged to allow selection of a final transverse

direction draw ratio of the | m by changi ng a
posi t fon of® méranssf?ﬂpaqceifl&%fémamypmseqmnfng

r espegtorvByd? chfisidgQRipPing ntehbeR M@ YA oppdsing edge portions of the
film and convey, under influence of a drive member, the film along a machine direction
within the apparatus, wherein a portion of the conveyor is configured and arranged to
provide diverging paths along which the gripping members move to stretch the film; and
an isolated take-away system that receives the film from the conveyor after
stretching the film, the take-away system comprising opposing tracks and a plurality of

gripping members configured and arranged to grasp opposing take-away regions of the
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23. An apparatus for processing a film the apparatus
conprising: a conveyor configured and arranged to

weoemayosBhe fil malong a machine direction w POT/S2008033232

appar atus, the conveyor conprising gripping nenbers
that are configured and arranged to hold opposing

e. porti.ons of the film orti.an of .t conveyo
Pl Se By arger ol sy Rl B B SyPnite iRy Ritns of e
fRh Bisn@ihe dpposthigafacksheh@tin i apgaraesrhensfigurmiead boanged to allow

stretch the film and an |[sol ated take-a system.
eakegfiop elcApiiRAL FaRsHErST TSI BRY F1 Ogmﬁﬁwymc'ﬁ%/@?g a position of the
Sblael ¢4ke BG/al BRtdhl With rdshRt toAKRsIBYRYT thY E6r0ER.ONMPT i Si ng
opposi ng tracks and gripping nenbers configured and
arranged to grasp opposing take-away regions of the

11 m 2f terydaoharafe $rpeslAIRUHImOfhe 3ppatith o riging
conve%f't heAIgapF%orsaﬁlng rtpatgcg- g%ay rrnégieo{r?;sa of toﬁnfi ?.m o
al onga canieyoo ppdigiired and arcieged talsenvey thetfhm alnmgegnaslyine direction
trac defipe regron in i ch. a (W f
PTG BB e Fa bRENRP prainfihne bR s R R b arana
2danglh® hpaipatingedge poltiansof2k filnk) e peition bhithe oppogirig

tracks .are angl ed away ..20 from each aqther al.ong an
e B AR B PR 0 RSP VIS e RSPtk Hetnbers
aRpatAdeh e Mndhi@ 23, wherein each of the opposing
tracks conprises at least a first track section and a
seconth iselated takera v pbsystemtiat sqcpivestbe film pmithegapveigetfisns
g{rﬁceﬁrl&e%gﬁg%% ]éé Erép a %%go o# crl%g?p%w%%g, &z\{/(\:diweg% eignheng%h
afentbles copfmusidragd arrangkd tocguasp oppasgdaketanas regionk of the film aftera
track secti nd a _second.track.segti.on, wherej

SE TG o o e nend SR ik PR sy 1S Bt e Kl atong
aedppokimpveackd, indBicRatiblopobiag track? ddine200¢i6DmOBBEh at least a portion
PCT/ US2003/ 033232 7. The apparatus of claim 23,

WhEE SPRPSIgArapisy g Higted gpvay %m&E%b%I %y tracks are each

angl ed away from each other at an angle of no nore

than 3 relative to the direction along which the film

i s cobbeyethe appmaius afrlaipFdr wharein theropppdreatackniye angled avay
{36, BOPANE! diche BB 1ldh et PRI DFackONT | gur ed and

arranged to cgnvey e g a machi ne direction,
t he conveyor conprising gripping nenbers that are

configured_and arranged tq hold oppasing edge .
port 1 fhe- ofiastef A3, Whettn s e ok copppgse
QA TeR4? b Figst FREKDRESonE a 6Q0hd Bavkeectidh) wiRgeial tHedirét haviedectick of

al ong di ver%i ng paths to stretch the film and
the opposing tracks are angled away from each other.

26.  The apparatus of claim 23, wherein each of the opposing tracks comprises

at least a first track section and a second track section, wherein the second track sections of

the opposing tracks are angled away from each other.
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a post-conditioning region disposed after the _
stretching region and conprising at |east one zone in
wovkioahswsbe gri ppi ng nmenbers are confi gured andp@r/Usavgeas3232

to travel along converging paths. 15 29. The
apparatus of claim 28, wherein the post-conditioning

r egi or27confihé agfaratiiof bRRS 23, avhkieirSthe 5&&&@?%&@8&%(5“ are
zone, erein the gripping nenbers are cqpflgured and
a??‘éﬁb@i@ PGy Eng\FéFh Athes b ahanelsof @e mpes Grmg raletive tbithestirection
ad) Hith hb &1rh if Shveye and al ong paths converging at

a ?eg?(lar:d angl e |C§‘t] e second zone, wherein the first

and second angles are substantially different. I20 30.

The apgara ' - in the first angle is

no rm?g' t hg‘lrll&sagg%ﬁtgi %k wgﬁ%m? e%é]g’ctgen?p%rﬁ ETRIAE | east

about arsnve3dr coffigirajdraatapsd of conbveay the Ay amﬁgfi Qﬁdfhiﬁd’tﬁrection,
[ aths in at |east one 25 zone of the

SRR O T £ PR B DER Y s catebtreng preanged foghold

mppesinghalge Bortids of edfilmappar at us of cl ai m 28, wherein

t he convergin ﬁaths in at |east one zone of the

refely

post - BSHEf i Which Hiegginriag giemaers ars canfigusedsirapged to travel

| abebgldivkBring3fhtidIe stidiéh AORREahy's of claim 28, wherein
t he C(I)n\glgé?gsli%ng %gt hs in at | east one 'zone of the

post - @ BAYICPNY RIS Tegigh Bispesohetier dhe stretching eegipin@nd torhprising at
&gt sRNeR Afwitd th@grﬂging ietnbers are configured and arranged to travel along

converging paths.

29.  The apparatus of claim 28, wherein the post-conditioning region comprises
at least a first zone and a second zone, wherein the gripping members are configured and
arranged to travel along paths converging at a first angle in the first zone and along paths

converging at a second angle in the second zone, wherein the first and second angles are

substantially different.

30.  The apparatus of claim 29, wherein the first angle is no more than about 3°

and the second angle is at least about 15°.

31. The apparatus of claim 28, wherein the converging paths in at least one

zone of the post-conditioning region converge at an angle of no more than 3°.

32.  The apparatus of claim 28, wherein the converging paths in at least one

zone of the post-conditioning region converge at an angle of at least 15°.

33.  The apparatus of claim 28, wherein the converging paths in at least one

zone of the post-conditioning region converge at an angle of in the range of 20° to 30°.
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