2128132 1 NCLECULARLY ORI ENTATI NG PLASTI CS MATERI AL Background of the ‘
Lnvention The present invention relates to a method of stretching plastig
~ material having a pattern -of holes or nesh openings to forn15a -gQLﬁqu'
" oriengated strands from zones (called "strand-fornming zones" Her@i ]
plast?ﬁé material. In some cases, .the whole of the plastics material cabl-de
stretched out to formorientated strands. The hol es nay not penetrate right
t hrough. the plastics material or the mesh openings may contain menbranes,
10 if desired. The nethod of the invention has been found to be generally
applicable, for instance to stretching integrally extruded nesh structures,
e.g. those produced as described in GB 836 555, GB 969 655 or GB 1 250 478.
The invention is nore particularly 15 applicable to nethods of producing
integral plastics material nmesh structures by stretching starting naterlals
having a pattern of hoMA<ECUDARLY GRIENMATVEINGOHRIASTION MATERIAL | nst ance by
punchi ng. Exanples of such nethods are described In for instance GB 2 031
833A, GE 2 034 240A, GB 2 035 191B, GB 2 059 866A, 20 GB 2 073 090B, GB 2
096 531A, GB 2 108 896A, and GB 82 19477. In all these nethods, strands. are
formed from st&%anWmﬁ&ha&meﬂBTOW he starting plastics material.

) -

The present invention relates to a method of stretching plastics

-

material having a péftern of holes or mesh openings to form

5 molecularly orientated strands from zones (called “strand-forming
zones" hefein) of the plastics material. In some cases, the
who]e_of the plastics material can be stretched out to form
orientated strands. The holes may not penétrate fight throuah .
the plastics material or the mesh openings may contain membranes,

10 if desired.

The method of the invéntion has been found to be generally
applicab]e, for instance to stretching integrally extruded
mesh structures, e.g., those produced as described in GR 836 555,
GB 969 655 or G3 1 250 473. The invention is more particularly
15 applicable to methods of producing integral plastics material
mesh structures by streféhing:starting materials having a
i pattern of:ho1es which can have been formed for instance by
punching.' Examples of such methods are described in for instance
~ GB 2 031 833A, GB 2 034 240A, GB 2 b35 191B, GB 2 059 866A,
20 GB 2 073 0908, GB 2 096 531A, GB 2 108 896A, and GB 32 19477,
In all1 these methods, strands are formed from strand-forming

zones of the starting plastics material.



2 Nonethel ess, the invention was made in connection wth producing .
bi a I'ly- stretched materials in accordance with GB 2 035 191B, and. wil | "
nai6E§ be described in relation to GB 2 035 191B, the mesh structure -
pr o ed being called "biax Square Mesh" 5 herein for bonvenience The T
standard way of manufacturing biax Sgdare Mesh is to MD (nmachine, i.e. b4
| ongitudinal, direction) stretch using nip rolls, relax 5 to 10% TD
(transverse direction) stretch on a stenter, and relax 5 to 10% On the

t ent th | b nb f h th
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rupture. Fbmever € uneven appearance of t nal product,
l'ess extrene Cﬁ%%gst?%h?ct%é'ﬂroﬁ@é&ebe@/Qaﬁe%ade}t §gfsre MEsHHhe first
(MD) stretch, a slightly different penetration into the bar or a slightly
di fferent armu,rgpee-)ﬁ foenesrvatietteacr oss the bar 20 could greatly change the
~junction fornmed after the second (TD) stretch; if the increased penetration
caused the junction to stretch before the strands in the second stretch, a

much weaker and radically different junction would be forned.
The standard way of manufacturing biax Square Mesh is to MD

»

(machine, i.e. longitudinal, direction) stretch using nip
rolls, relax 5 to 16%, TD;(transverse direction) stretch on _
a Stenter, and relax 5 to 10%. On the stenter, there will
10 be a large number of mesh opentngs across the width. It was
observed that the TD stretching of the mesh openings or TD
strands was not”reguler. As most of the initial inctease
in width_was due te only a few strands stretching, there was
very rapid stretching of those strands. In extreme cases,
15 the étrands could fibrt]tate and/ot rupture., However, apart
from the uneven appearance.of theffinat product, less extreme
cases. could still cause grave disadvantages; on the first
(MD) stretch, a slightly different penetration into the bar

or a slightly different amount of penetration across the bar

(10

20 could greatly change the junction formed after the second
(TD) stretch: if the increased penetfation caused the junction
to stretch before the strands in the-second stretch, a much

weaker and radically different junction would be formed.



3 Simlar differences occurred when the second stretch was MD, as the /A\

stretch Iebgth cannot be very short in practice, there is always a nu My
of aligned strands stretching at the sane tine. Such differences, tho S
" not sQ marked, were al’'so apparent 5 when nmaki ng uni axi al |l y-stretched _

structUres. In general terns, nore dif3iculties were experienced with

pol ypropyl ene (PP) than with high density polyethylene ((HDPE), but the

di fferences were apparent with HDPE. The Invention 10 The  present

i nvention provides_ nethods as set forth in Caim1l or 24 and plastics
material as setSimdlam dififenences sscurned whepathe sgcendaskreteBivasoM®h preferred

f f the i ' . b f dth hy f I,
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variation (maxinmumto m nimu about ™ 45% reas a guar e

product i n gacCqidantsking uhiaka1d9-strich¥ ey serudtagest, variation of about 5%
In effect, when the strand-form ng zones are being stretched in a stenter,

there is a controlled, repeatable progression; the orientation usually
begins in the | At oL ol FORSHs  naraSat FiRciNd e AT LIE YERER with
polyprOpyiene (PP) than with high density polyethylene (HDPE),

but the differences were apparent with HDPE.

The Invention

10 The present invention provides methods as set forth in Claim
AH 25
1 or2% and plastics material as set forth in Claim-22, The

remaining Claims set forth preferred features of the invention.

It has been found that by forming the debressions wi thout
material removal (i.e. without abstracting material frbm the

15 structure as a whole), a much more regular structure can be
formed. 1In a measurement of the mesh pitches in the TD, after
stretching TD in a stenter,.a prior PP biax Square Mesh product
had a mesh pitéh variation (maximum to hinihum) of about 45%

whereas a biax Square Mesh product in accordance with the

(L

20 invention had a variation of about 5%. In effect, when the
strand-forming zones are being stretched in a stenter, there
is a cohtro]led, repeatable progressﬁon; the orientation usually

begins in the lateral zanes'of the web and gradua!1y works _



4pwards the centre, this being related to the natural stress pattern

| sed by a stenter; one should apply sufficient stretch to achieye =+ -
r onable uniformty. The rate of strain during transverse orientation

beconmes nore regular fromnmesh 5 ’'to nesh. 1
of strain rate can ensure that the ténsile .strength of all the neshes®i;

nearly the sanme. The reasons for this are not well

believed that by form ng the depressjon be
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' However, 4 hegg rﬁ%h@n Thederdecef deehis ieqlal WWiagedfestrainngateheapl ace where
In addition, the 20 accurate formati on of

depr essi ons capsuredersr the teasikd iserength ¢thialknhesmedtieshi svmebdlyot her wi se
occur in the strand-form ng zones due to variations in thickness in '

orientation should begin

comercial ly ghaidambl e

The reasons for this are not well understood. It is believed

that by forming the depression below the melting range,'some

10 molecular yielding'occurs and there is some pre-orientation

of the plastics material in the strand-forming zones, in parti-_

cular in the deepest part at least of the depression.

Microscopic

examination under polarised 1ight has indicated some attenuation

of the spherulite structure in the direction at right angles

15 to the axis of the depression; there is also some birefringence,

signifying some orientation in the same direction. It is.

believed that the pre-orientation effect is the most important

effect. ‘However, there is an indent effect, i.e. predetermining

the place where orientation should begin. In addition, the

20 accurate formation of depressions can reduce the variations

in thickness which would otherwise occur in the strand-forming

zones due to variations in thickness in commercially available

plastics material sheets.

The yield and draw curves are altered,_being made much more

25 regular with a lower yield point (yield load); the yiéld 1oads

can be greatly reduced, particularly for PP. This reduction

>



'plastics mat eri al sheets. The yield and draw curves are altered, being nade-
much nore 25 regular with a lower.yield point (yield load); the yiald

.l oads can.be dgreatly reduced, particularly for PP. This reductio can be' " _

as higQ_as 30%. There is however very little effect on the ten

strength of the final product, it i.s helieved because no plastics materi al
is actually renoved and forning the dé€pression has an effect sinmlar to

t hat which occurs 5 on stretching. The cross-sectional size of the
strand in the final product is not substantially altered. The invention

enabl es stret chinge"RC R §F JROYGBS, t?hé;% FeJUaELPE %ﬁz}:{]gﬁgyteg#s | oads are

smaller. In addition, as“the stretching 1s nore reée hi gh

strain rates cgm the tdnRiPé isH-BRftRdor WthAEOHGAT PilodBlt OY &M A Ibe?ﬂﬁ%gl of

production can be greater. Thus with PP 1t has been found possible to

stretch at a rbécausé rOPPISHIE BUaRerfd1di STRRUET Ty RERIVED- i F&RARES of 9
nmetres/ m nute have been achi eved, expected speeds being as high as 20

met res/ mi nut ether depressid’® had gr effert dhgilae tf thotitwhdth ekcomsh sizes or
strand | engths can be effected with PP since the draw | oad exceeds the

yi el d | oad at emSHretshdng or Thatcrosorsechionad; side of ther strdediired to have a
mesh of a smal|er size, the range of orientation ratio capable of producing
regul ar st r uct Heedioduppodiictols not substantially altered.

N The invention enables stretching machine power to be reduced

because the yield loads are smaller. In addition, as the
! stretching is more regular and very high strain rates can
10 be eliminated, through-put or overall speeq of production
can be greater. Thus with PP it has Seen found possible to
stretch at a rate of 2000%/minute, and stenter through-put
speeds of_9 metres/minute have been achieved, expected speeds

being as high as 20 metres/ minute or more.

15 A greater degree of control of mesﬁ sizes or strand lengtﬁs
can be effected with PP since the draw load exceeds the yiéld
load at much lower orientation-ratfos; if it were &é§§réd_
to have_a mesh of a smaller size, the range of orientation
ratio‘capéb1e of producing regular structures would allow

20 this to be achieved.

«

The advantages of forming the depressions to produce improved

structures during TD stretching can also be extended to forming



20 is to be achieved. The advantages of form ng the depressions to
prgﬂ;wairmwoved structures during TD stretching can al so be extended to,

f ar'xstng t he depressions to produce nore regular MD stretched material® ~
with-simlar reductions in yield |oads and subsequently l'ower machi ne- power
requirenents. Al or nost plastics matgrial s. have no precise nelting powst;
5 they have a nelting range and a softeni ng range, the ranges not being
very precisely definable and overl appi ng. For instance, the softening and
mel ting ranges nmay be about [err] ant [err]  for HOPE and [err] and
[err] for PP. thetdemebgiansvial prhdice mordeegylart W steptadwdi materéalul d be
formed 10 at a tenperature close to, e.g. within about [err] or [err] of,
the |ower |im twigh %lmlmﬂu@tipaﬁg@. yieldilgards andmybsequently Toweweri al
woul d nerely be displaced, in effect reducing the cross-sectional area of,
and weakeni ng, MaRBIRS, PAVRrAIreqYiraMENtSt is nore convenient to formthe
depressions at | ower tenperatures. 15 In practice, this neans that the
preferred tenperature is at or substantially below the orientation
(stretching) temesnmost (laetios hyteials Haeerdo peecideReiaifg pbdnd30C for

PP) or at or close to the anbient tenperature, say 15 or [err] There is
however a dangerheyhkavesamelpiag range and o3 isaFbenipartange) atheyr@@es PP, nay
.shatter if depressions are forned rapidly at |ow tenperature,

. not being very precisely definable and overlapping. For instance,
the softening and melting ranges may be about 118-128°C and
122-138°C for HOPE and 150-160°C and 160-16850 for PP. It
is believed that in theory, the depressionﬁ could be formed

10 at a temperature close ?o, e.g. within about 10°C or 15°C
of, the lower limit of the melting range. At higher températures, _
material would mere]j.be displaced, in effect reducing the
cross-sectional area of, and weakening, the eventual strand.

It is hore convenient to form the depressions at lower temperatures.

15 1In practice, this means that tﬁé preferred temperature is
at or substantially below the orientation {stretching) temperature
{normally about 100°C for HDPE and 110-130°C for PP} or at
or close to the ambient temperature, say 15 or 20°C. There
is however a danger that some plastics materials, partiCuTarly

20 PP, may shatter if depressions are fénned rapidly at low temperature,
giving a practical lower limit fqr mass production using e.g.

PP ; for instance, the depressions could be rolled into PP

at 10°C, but it would be advisable to have a minimum temperature

| of 20°C if the.depressions are pressed in at high speed.

-



glVlng a practical lower limt for mass production using e.g. PP ; for
ipstance, t{he depressions could be rolled into PP at 10C, but it woul -v.
agvisabl e to have a m ni num tenperature of [err] if the depressions araz':j
’ pressqglln at hi gh speed. GB 1 261 151,"FR 1 601 073 and GB 900 914 show -
the formation of depressions or necks,7but they are forned in the nolten
plastics nmaterial and the effect of the present invention is not achieved.
5 It is preferred that the deepest part of the depressions are

substantially af § hanegy OpRSE 6BRd73 Qd GBC9dY bgf%wrmenl oriditfon but this

I's not essential an gredt precision I's not usu ract I"e” or

necessary - forg aémesﬁoﬁshsf%w Bt apraly ugrad %Mnéafm%@emltens ina
strand-fornm ng zone, spaced I'n the direction of stretch. As |long as

the depressi 0n$p1a§ﬁcrs0hateh§manunﬂ% affstt oPfthehpresenfiicveémrisnng zone, the
strand- formng zone will begin to orientate at the depression(s), which is
‘satisfactory. Aswhele achiévedly of shapes of depressions can be used, even 15
depressi ons which do not. extend right across the strand-form ng zones and

. are for instance conical. However, the preferred depressions are

- wedge-shaped, e.g. with the apex of t he wedge extending substantially at

“right angl & tdt he rrefermedi thatathe deppast Bﬂ“i‘fgﬁf $heddeprgsaipnfoaTd be

' lied to the base
- app substant1a11y at the narrowest parts of the strand-forming

zones, but this is not essential and great precision is not

T

usually practicable or necessary - for instance there may

be a plurality of depressions in a strand-forming zone, spaced
10 in the direction of stretch. As ang as the depressions are

not in too wide 5 part of the strand-forming zone, the strand-

forming zone will begin to orientate at the depression(s),

i _ which is satisfactory.

A wide variety of shapés of dep%essions.éan be u;ed,‘even
15 depressions which do not extend right across the strand-forming
zones and are for instance conical. However, the preferred
depressions are wedgeQShaped, e.g. with the apex of the wedge
e;tending substantially at rfghf angles to the stretching -
. ' direction; slight radiussing would be applied to the base
29 ©of the wedge-shaped depression, to stop the tool cutting the
plastics material. Alterhafi?ely; rounded—séction depressions
could be uSed, e.g. a part-circd1ar'cy1indrica1 depreésion
with the axis extending.substantiaTTy at right angle§ to the
stretching direction. In general, with a tool whose cross-'

25 section taken parallel to the sfretching direction is substan--



20 of the wedge-shaped depression, to stop the tool cutting the plastics -
Waigrial. Al ternatively, rounded-section depressions could be used, e.g. a‘\w
pj'éi ircular cylindrical depression with the axis extending substantially -
at “ght angles to the stretching d1QFction. In general, with a tool'wggse ’
cross- 25 section taken parallel to the stretching direction is substan-
8 tially constant across the width of the tool (direction at right angles
to the stretching direction) and presenting opposite, inclined faces in the

stretching di kegtiyORonsdtaRE Gciresy Th¥ wildith| 6F R efRNt ( dreé RO nPhBSt i CS
material at right angles to 5 the stretching direction and the

orientation caiugeranglesnséd thet straeching dérdeatioomand grieeeniEipgesposite,lt is
preferred. that the depressions should extend for the whole | ength of the
hol es on eit hénckingd faceshin dhe sattefahimgndireohbon, theneghs iverpractice the
depressions nmay be smaller or shorter; the 10 advantage of equating the
extent of thel#tPecnevenent @ft ke pldsticst materiatjadcetghtharddessta hat on
stretching orientation progresses smpothly fromthe centre of the strand to

the junctidn tBYiHetqhingdixsetian and Jneverieptatignccaused dpPessi ons bounded
mator AT, thelotense &t dbe atdam o UaE Yepthnsany| oF 1% PIREERRet thing
direction; thitﬁam%ddetp?'ggsito%spgh%YﬁE'tex%reilc? r}Io?‘t {.:hoenwho'le length of N

the holes on either side of the strand-forming zones, though

in practice the depressions may be smaller or shorter; the

- 10 advantage of equating the extent of the depression to the

width of the adjacent hole is that on stretching orientation

progresﬁes smoothly from the centre of the strand to the junction

region. It is possible however to have the depressions bounded

by steps'subsfantiaIiy at right angles to the faces of the

15 p]astids material, the steps also extending at right angles
to the stretching direction; th%s wou1q tend to prevent orientation

proceeding beyond the depressions.

The-stretching behaviour can be altered by altering the depth
of the depressions. It is believed that the depth, rather

20 than the length, of the depression, has the greatest effect.

In practice, the depressions would be formed on the faces *
of the plastic material. However, at least in theory, it'
would be possibie to form the depressions on the side edges

of the strand-forming zones.



proceedi-ng beyond t he depressions. The stretching behaviour can be altered

by al tering the depth of the depressions. It is believed that the depth, = -
.rather. 20.thar the | ength, 'of the depression, has the greatest effect. . -
practigg, the depressions would be forned on the faces of the plastic -
faterial. However, at least in theory,9it would be possible to form t\e

depressions on the: side edges of. the strand-forning zones. 9 The axis of
t he depression, the direction in which the base of the wedge extends,

e.g. (
[ f bl iQh to the directjon in which the strand-formng
Izzngriie;?r e%/cﬁiaéI%ﬂgnﬁ]ghgzq?grﬁﬁ%"ate B gHte dfrfcddon gne ‘f'\‘?ﬁ‘cﬁi E’&:t i 03 of

' ' | Al h ith.a dj anon

?’E ﬁzzfnrg sugL gg&t E’tg?ﬂ?% Qg%é%teggéﬁli&%% ﬁ{.é\ﬁg}l&g}% a}ff yf%\é_’m %@dreés ons can be
thol ¢ even Choushs (JiEection i WTcIP e S are it e 25h 1S el ea o
di ti f st ppt ] 0 : f he axes
: o:‘ r?ﬁel ggp(r)eszi gﬁswggn%?gﬁ'figﬁlﬁﬁgﬂ%gggﬁ%%}r q’i%r:ltdghéehﬁ\i/%f‘ ﬁ rsriE{sj‘Etf):?‘ef erred

to form the Sdepoéstheostart¢hgmaterialsas &f whoTd, This #eh st dfmednd Or M ng zones
of a second stretch could be forned with depressions after the fjrst

stretch. structure such as that of GB 2 034 240A, the axes of the depressions

L

¢

can be at right angles to the direction of stretching the
. starting material as a whole even though the stfand-forming
zones extend at an angle to said difection of stretch. Depending
10 oﬁ the product to be formed, the axes of-the depressions can

extend in the TD and/or in the MD.

It is preferred to form the depressions before any stretching,
but the strand-forming zones of a second stretch could be

formed with depressiqns after the first stretch.

15  Some problems would arise because form{ng the depressioﬁs
- causes a sTight.increase inMD or TD dimension,.pdssfbly-O.S%
' oQérall. Héwever, the depressions can be fdrméd by rolling
them in,'whether in the MD or TD, before or after punching
. in the case of punched Starting mate#ia1$; pairé of rolls
20 can be used, with the form (cof?esponding to the depressions)
extending around the who]e péripheny of oﬁe or both rolls
- this is moét suitable for forming MD depressions, and if
_ fD depressions are rolled in, depressions can be fbrmed on
fhé“se1vedges by nipping them with registeringﬂ(ouf of mesh)
25 cogs. | '
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berore or af
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Sonme pr
t .increase in MD or TD di nension, possibly 0.5%overall. However, ihe ‘o

obl emrs woul d ari se because form ng the depressions causes a

can be formed by rolling themin, whether in the MD or TD,
ter punching in the case of punched starting materials; pajrs
can be used, with the f8Pm (corresponding to the depressi®ns)

t he .whol | phery. of bot |JS.-.this i t
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erl ng,~ 1 s ress ressi ons ing the

same press CyCGlfy sgnd)préss PEIPS 83§, AMMPRFEAChen diprbsthes botdemd centre;

t he depressi

ons are thus formed whilst the ramis travelling at 1ts sl owest

speed, redsici ngbadheerteesithel Hépreabidntcamd ahus CorfiBd aihfi fét Ak nsmdamaged by

hi gh i npact

| oads. This can be done for TO and/or NMD depressions. The

depressions wiid thavdldingdti Mts spawdstofpddds méduct hqahevpessibi1iagj acent 10
to the punched hole. If there are selvedges, it is useful to formthe TD

depr essi ons

10

15

20

.25

of the plastics material being damaged by high impact 1oads.
This can be done for TD and/or MD depressions. The depressions
will be formed in a part of the starting material adjacent

to the punched hole.

If there are selvedges, it is useful to form the TD dehreSsions
on the selvedges in addition to the body of the material as

this helps the-selvedées behave in the same way as the remainder
‘of the sheet and not distort the sheet. The selvedge would

no longer be a wide strip of oriented material of constant
thickness but would have an undulating thickness profile with
high orientation_iﬁ.the depressed area and a much lower orientation
~in line with e.g. TD bars.' The effect of such a §e1ve&ge

can be three fold. Fifst]y - by treating the selvedge in

fhe same way as the body of the stéucturé the tendency to

bow forward in the cenfre of the web during Mb'stretching

will be greatly reduced. Secondly - the se]vedge would have

the rai§ed-sections directly in line with e;g. the TD bar

which is to be oriented; therefore on a stenter, the stenter
clip would be grippfng to maximum effect in the most édvantageous
position. Lastly - since the raised pértions of the.se1védge
would have much less orientation,ithe tendency for thé selvedge

to split or crack would be much less.

-



- on the selvedges in addition to the body of the material as this helps t he

- sel vedges behave in the same way as the remminder of the sheet and L
dLstort the sheet. The sel vedge would 15 no | onger be a wide strip IR
" oriented material of constant thickness but would have an undul ati y

thi ckn&s profile with high oriéntatiomin the depressed area and a much

| ower orientation in line wwth e.g. TO bars. The effect of such a sel vedge
can be three fold. Firstly - by treating the selvedge in 20.the sane way as

‘the body of th [ hu h E Egndency to bow forward in the centre of the
web during MD Egﬁtiéékﬁéﬁmkk greatly reduced. Secondly - the sel vedge
woul d have the raised sections directly inline with e.g. the TD bar which

s Lo be orientad: Rk AP UF PBelriieRBl Uoschied3 BWAY AOekanpieyols d be

gripping to naxinume in the nost a vantage p03|t|on Las stly -

since the rai sgdtROofdfiePériceOto tthe SE@domBai}a ngOdr i Age/.e iAUichess orientation,

the tendency for the selvedge to split or crack would be nuch | ess. .11
Preferred Enbodi ments The invention will be further described, by way of

I h f i dra Fi I
s A bl an'vi ow IRTES d8o11 bR B F st S HhEe I ks aed 1900 ¢ o‘?}
5 with the invention;

W Figure 1b is an iscmetric view of the starting material of

Figure la;
Figure 1c is a section along the line IA-IA of Figufe la:

Figure 1d is a plan view of the mesh structure formed by stretching
10 the starting material of Figure la unxaxial]y (the sca]e is.

about half +hat of F1gures la to 1c);

Figure le is a plan view of the mesh structure formed_by stretching
the mesh structure of Figure 1d along a second axis at.right'

angles;

15 Figures 2a to 2¢ correspond to Figures 1a, 1d and le but show -

a different starting material and mesh structures;
Figure 3a is a plan view of a test strip;
Figure 3b is a load/extension graph;

Figure 3¢ is a graph of peak load against depression temperature;



F

Figure Ib is an isonmetric view of the starting material of Figure |a;
l,gre 1c is a section along the line IA-1A of Figure la: Figure Id is*a

view of the nesh structure fornmed by stretching 10 t he starting

ial of Figure la uniaxially (the scale is. about half that of Fi qures

0 1c); Figure le is a plan view q@p the.nmesh structure formed by =

.stretching the mesh structure of Figure |d along a second axis at right

angl es; 15

Figures 2a to 2c correspond to Figures la, |Id and | e but show

a different starting material and nesh structures; Figure 3a is a plan view

of a test strFigurks iy ¢o3le showa depeab/séan eshapes), gsagelen i gectiodc is a graph

of peak | oad agai nst depression tenperature,; 12 Figures 4a to 4e show

. depression shalung, thes 1$eeiVi-iV dacFigurealangnthdargere statdsvand Figure |a, on

-a larger scale; and Figure 5 is a schematic side view of plant for carrying
out the invention. 5 In the respective Figures, the lines ("profile

shadi ng") which indicate the profile of the structure extend up and down

the slope, fofigwkeny ishd saheBaic Aide MieW §fad atvkt Tor carrydng ¢yt angles to

conventi onal

10

15

20

cont.our |.i nes.
the invention.

In the respective Figures, the 1ines ("profile shading") which
indicate the profile of the structure extend up and down the
slope, following the 1ine of maximum gradient, i.e. at right

angles to conventional contour lines.

Figures la to le

The uniplanar starting material 1 of Figure la has a pattern .
of holes 2 whose centres lie bn a notional, subétantial1y

square or rectangular grid. As shown in Figure la, depressions
3, 4 are formed by pressure (no material removal) in the strand-
forming zones 5,6 which are to be stretched. The way of stretching
the starting material 1 is known and is also .explained in

GB 2 035 1918. During orientation, the piastics material

is maintained approximately at a uniform temperature, a water
bath being effective.for this purpose as it removes adiabatic
heat generated during stretching;' In the first stretch, a
uniplanar, uniaxially stretched structure 7 (Figure 1d) is
formed. The stretching force is applied at the same time

to a plurality of first strand-forming zones 5 in series;

-’



Figures la to e 10 The uniplanar starting material 1 of Figure la has a

Rattern of _holes 2 whose centres lie on a notional, substantially are or’
rectangul ar grid. As shown.in Figure la, depressions 3, 4 are for by +:.°
" press (no material renoval) in the strand- form ng zones 5,6 are -

fe

to beq§fretched. The way of stretching315 the starting material I~'s known
and is also explained in GB 2 035 1918. During orientation, the plastics
material is maintained approximately at a uni.-formtenperature, a water bath
bei ng ef f ect i verifeptatisinsbeginpoate the indentsofctheagteandt faormiaaitzogesier at ed
during stretching. In the first stretch, a 20 uniplanar, uniaxially
stretched struttaidethe gpnef Peangstratched g, inteeostqndated s§randsce is
applied at the,sane tine,to a plurality qf fi strang-formi ng zones 5 in
series; 13 %r“ﬁ%éﬁ? aﬁrﬁowtﬁgﬁ?'ﬁ?‘:&?& Pﬁes'&r?&éﬂ{ét'&\‘ ptaﬁéﬁﬁh #eP f or mi ng zones

5 and the zoneg 5 e ret t_in ar.Lent strands. 8 ich are
- i nterconnect edgbyEg{fbgﬁgnficg{ﬂ?%sggr%lsf’g&s&l?g odé%F%ém%%é'P%bor@ghnpri ses a -
- successi on eof rqﬁﬁg WaJak:Y NES: 1 _ ween and
i nter conne.gti ngarteﬁé en y%“ﬁ?i‘gngﬁméﬁaﬁ@s.‘@ anhx?%gggiggﬁ?%r and- f orm ng
- zones 6 betweegr (i grdaneraklds & \ant "EheC 8bEhdOYLIAE- RIrRihg LoRba® N in Figure

1d, the orientation of the strands 8 proceeds at
T e between the zones 10. As indicated by the profile shading
in Figure 1d, the orientation of the strands 8 proceeds at .

least as far as the notional tangent line 11 indicated in

10 Figures 1a and 1d.

In the second étretch, the structure 7 of Figure 1d is stretched
in'a éecond diré&tion at right angles to form a unipTanar,
biaxia]]y-stfetched stfucture 12 (Figure le). The stretching
' fdrce i; applied to a plurality of the second strand-forming

15 zones 6 in series; orientation begins at thé indents-bf the
second_zohes 6‘and thé second zone§ 6 are'stretched out into
orfentated strands 13. The structure 12 is in the form of
é geherally.reétangular grid of orientated strands 8, 13 and
orientated junctions 14 therebetween, the profiles of the

20 Junctions 14 being indicated by. the profile shading.

It will be séén'that the heles 2 are radiussed.squares with

their diagonals parallel to the stretching directions, defining

wedge-shapéd_indents in the side edges of the strand-forming

zones 5,6; this provides a pronounced indent effect in addition
25 to that of the depressions. An advantage of these ho1e§ 2

is that on the first-stretch the stress applied to the strands



legagt .as far as the notional tangent tine 11 indicated in 10 Figures la :
d. In the second stretch, the structure 7 of Figure Id is stretched inw/

a ond direction at right andgles to forma uniplanar, biaxially-stretched,

'structure 12 (Figure le). The stretching force is applied to a plurality

of t’he second strand-fornming 15 zone¥46 in series; orientation begins*at

the indents of the second zones 6 and the second zones 6 are stretched out

into orientated strands 13. The structure 12 is in the formof a generally

rectangular grid of orientated strands ﬁ, 13gﬁnd orLeFEatedﬂéggctions 14
t her ebet ween, & 18 gisperseds apd nofedingcted, ferryHy swalaihcry Bed by the

fil hadi ng. | i1l b th he shol es 2 dl;
W th their di dundl Shisrcalees 18 Pldenes BfcARyarscel aReUREHeRTG o
th their di: Sarcarer cfl o 9
thi o provi des W Bt BRESh PR, SRR fF paREd A RchRaThRO iRNeC °; 1

depr essi ons. négdl?ea%ﬁ‘%i%d,t ggaeim%{iﬁg ci%uge@}i th&tpePBtidigohidost stretch

the stress appli 0 the stran s spersed and not directed
narrow y siraighhope'v@ga] dechs¥s Phe Wesk @dustirel Ne di stance of penetration
of orientalion into thé bar 9, or the amount of penetration across the bar
9, to be controlled, and in turn causes the penetration to

"

Figures 2a to 2c

| These Figures éorrespond to Figures Lg; 1d and 1ge above, modified
in accordance with the method of GB 2 096 531A, and négd not
be described in detail. Figdreé 2a to 2¢ illustrate that
10 'it is not necessary to form the depressions fﬁ.aII strand-forming
" zones (though ndrméi]y all corresponding strépd-forming zones
would be formed with like depressions).’ Nd.ﬁeﬁressions'are
Spéciffca?ly formed in the zones 15 that form the short strands
or legs 16 thdugh there 1s someztapering of an.edge. The
15 width'of the main strand-forming zones 3 is chosen in relation
| t& the width df the zones 15 such that fhe'zones 3 6riehtate.
.fifsf, when it is found that the zones 15 orfentate reaéonab1y

regularly.

Figures 3a, 3b and 3c

90 Test strips 21 were cold profiled at the sides (with material
removal) and. correspond to a strip down the starting material
1 of Figure 1a between thé dashed lines 21' without the depressions

14. The test strips 21 had a maximum width of 16 mm, the



5 | be nore regular across the nmesh structure 7. Figures 2a to 2c These

Fgures correspond to Figures la, 1d and | e above, nodified in accordance /.,

Wwieth~t he nethod of GB 2 096 531A, and need not ‘be described in detail. t;'-
Fﬁgu[egsga to 2c illustrate that 10 it is'not necessary to formthe

- depressions in all strand-form ng zon&ﬁ%(though'nornally all corr ndi ng
strand-form ng zones would be fornmed with |i ke depressions).' No

~depressions are specifically formed in the zones 15 that formthe short
strands or legs 16 though there is sone tapering of an edge. The 15 w dth

of the main st rrgﬂgh?{?emmh&%ﬁn; b1 3s ooy ﬁiit?'eaﬁvéqgﬁh}vf (sBg width of

t he-zones 15 su( at the zones orientate f!r 'S found that
the zones 15 onrpeTd 2t BeTdhds AR RbYrdpPUARAT | Ori Rt StioRAStARs #é}eaeﬁﬁ@d% Test

strips 21 were cold profiled at the sides (wth material renoval)

and. correspondoiip £ $10IcpwilthvtetsiestPi gy Wi BB pTRh&F ifates, @hd WigHre | a between
the dashed lines 21' wi thout the depressions 14. The test strips 21 had a

“maxi num wi dt h dest Gtrips tfoemed at310&0awirtietheotepressiiensaBl sndasuwingas f or
- Figure 4c below (see Table 2 below), as appropriate. Oientation tests
“were carried otheatoafetls)] againsh extenstam (gh. wibté griapmanf Figure, 3land with

s was drawn.

Even with the test strip 21 without the depressfons 3 (full

line in Figure 3b), some physical change occurs in the strand-forming

zones when the load is applied. However, one of the strand-forming
10 zones yields first.(point 22 in the graph), orientation occurs

and the load decreases. The load then increases in rounded

steps to a new maximum 23 (late start to orientation in one

or more strand-forming zones), decreases as the further zone(s)

begin to orientate, and so on. .

15 When the depressions 3 are present (dash-dot 1ine in ngure
32),'the strand-fqrming zones all begin to orientate et.the
same time (point 24, about 20% Tower than point 22), and there.
are no further maxima, a smooth curve being followed. The

draw 1oad exceeds the yield load at point 25.

20 With HDPE, there was 1ittle reduction of the yield load (therefore

little reduction in power requirements) but the draw curve
was smocther,'ihdicating a regular stretching of the meshes

in series.



te strips forned at [err] with the depressions 3, neasuring 5 t he | oad
( gai nst extension (d). The graph of Figure. . 3b was drawn. Even With.the \,
ts strip 21 without the depressions 3 (full line i.n Figure 3b); some
phySi cal change occurs in the strand-formng zones when the load is ~ ~
~applied. However, one of the strand-fqgm ng.10 zones yields first (po‘ﬁt
22 in the graph), orientation occurs and the | oad decreases. The |oad then

i ncreases in rounded steps to a new maxi num 23 (late start to orientation
in one or nore strand-form ng zones), decreases as the further zone(s)
begin to orientsing thedame wst piecedVEl) Uépredefurmssaenthén Foemgd esent
(dash-dot line in Figure 3b), the strand-form ng zones all begin to
orientate at tht varieus itempgnaduras.240rizbbakiodORes egein cheriedoouit 22), and
there are no further nmaxim, a snooth curve being followed. The draw | oad
exceeds the vyiatd100Gd ahephﬂnnﬂasesmwerwuhnnm;ed lout cathambientt | e
reduction of the yield | qxétherefore little reduction in power

requi renments)- B%I!Peﬁ'ﬂE""d’r rvdekatl %%o’f—h?eﬂes’frsnér%e&e'tn@f”ame'@bl1ar _
~ stretching_of e ser t he sa pi eces 21,

- depr essi on8 we (kebec]ﬂﬂn r'ﬁt S/dtsl L?gal’*é%e?:gﬂ 8FE§%°§ ié?l on was again

- carried out

F

product against the temperature at which the depressions were

L 1)

formed. The vertical lines indicate the softening'range (Ts)
and the melting rang_(Tm). Below 170°C, the test pieces were »
‘heated up in an oven to the temperature specified;  however,
10 from.170°c, the depressions 3 had to be formed using a hot
grooving tool to heat the plastiés material rather than using
a hot.test piece. In Spife of the difference in procedure,
there is a clear indication of a change in behaviour over
. the melting range. This is believed to be the result of fjowing
15 material in a molten state away. from the_centre of the depression,
at temperatures of 170°C and above, aé opposed to carrying
out a small amount of molecular orientation at temperafures

of 160°C and below.



at [err]. ~ The tensile tests were then carried out" at anbi ent tenperature;
ferrl..s Details of the tests are set out in Table 5 1 bel ow, and EBEXQyre:-

. 3c.iis a graph of the peak {oad on the product against the tenperatur

" which.the depressions were fornmed. The vertical lines indicate the

sof ten™hg range [err] and the rrelting_rafg [err]. Below[err], the test
pi eces were heated up in an oven to t he* enperature specified; however, 10
- fromJ[err], the depressions 3 had to be formed using a hot- groovi ng tool

. to heat the plastics material rather than using a hot test piece. In spite
- of the differencd 1n procedqure,itherfe iIs b ¢l efpr |i ndication of a change in
- behavi our over the nel gvg range. fThy s|is|b¢lipvgd to be the result of
- flowing 15 materfial i# a&roltegn $tafe|anpy |frpmithe centre of the
depression, at terrpera{’-!u 4 of {edr]}and pbdvel &s opposed to carrying out
~a small anount off nol eé‘.{ul,@r ordleattah| ey} Al ollegpeyjat ures of [err] and bel ow
17 [err] Fi gurfes 4a.t g 4e B9 2 BBV RES det ai | s of various
exanpl es of the depressi of :
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f oforel on opposite faces of 4.5 mmthick PP, the 5 ends of the holes¥2 W
di.cated with dashed lines. The base of each- -depression 3'is , "

Ed

7 F1gures 4a to 4e. Registering"’ depre55|ons 3 of the sane depth were
€g§i

i'mately coincident with the centre lines of the holes 2, exceptCﬁor
Flgure 4e. For different thickness n&@erlals t he depre55|ons 3 can be
altered proportionally. The tools 26 are indicated; Figure 4b shows 10
that the same tool could be used to nake:depressions of differing |engths
and depths. Tabigurgs (4sesevkenents in nillinetres) Form  Length Depth
Ratio of Inclination Height Pitch Length of each of each conbined of base

of of of depth to facets step twin hole material thickness
Fig.4a 10 138162 below%ﬁ%s detailf @fr yarious dkadples of the dépresgieis 1.6
0.4 18% [err] 4 Fig.4b . 1.0 0. 45 20%
[err] _ 3 of FiguresdAfitg. 4&. Registeriry Hepressi@m@ of the $amer] -

- 4 Fig.4b 2.2 0.55 24% - 26% 4 Fig.4c

8 0.55  deptdp were forme[tbpn]opposite faces of 4.5 gm migcthP bheso 0. 45
20% 60 8 Fig.4e. 0.35 0.3 %396 60-
4 8 5 ends of the holes 2 are ind1cated with dashed lines. e -

base of each depression 3 is approximately toincident with

the centre lines of the holes 2, except for Figure 4e. For
different thickness materi&]s, the depressibhs 3 can be altered
proporfiona]]y. The toofs 26 are indicated; Figure 4b shows

10 that the same tool could be used to make depressions of differing

lengths and depths.

Table 2 (measurements in mi1limetres)

; Form !Lenuth 'Depth Ratio of Inc]inat1on Fe1ght Pitch Length

of each of each combined@ of base - of of of .
: ' _depth tof facets step twin hole
‘material : | /
‘thickness
Fig.4a 10 0.6 , 26¢ : 3 034 - 8
'Fig.4b 1.6 0.4 . 188 : 26° - - 4
'Fig.4b 1.0 0.45° . 20% . . 26° - - 4 .
'Fig.ab 2 0.5 < 228 © 26° - - 4
| o L %
Fig.4b 2.2 0.5 & 28%  26% - - 4
Fig.ec 8 ~ 0.55 . 284  12° - - 8
Fig.4d 0.52 0.45 . 20% 60° - - 8
Fig.de 0.35 0.3 . 13% . . 60° - 4 8

‘§Zz§



19 It will be seen that the depressions 3 can be longer than the holes_2
Wi gure 4a), shorter than the holes 2 (Figures 4b) or the sane |engt) y
the holes 2 (Figure 4c). Figures 4d and 4e show that the sides of t
" depression 3 can be steeper 5 to reduce the force required, and p 2
anglés“ﬁre In the range of about 50 tqlferr] the end of the tool 26 being
radi ussed to avoid a cutting edge; it is found that the product is

ed

- substantially the same. Figure 4e shows that nore than one depression 3 can’

be f di t -f ' Re. 5; jof ' dg f
e Tormed 10 2 % GRIP BRI 0 St fhdop oS i e, IBRRLHREE S°0°°,°%
direction, ori qieahyuy ¥ (gl 4) OhobbEr Thid el RUTENS (EBdred until i
neets the orientation frol e other depression - in the dther direction,

orientation w |4b)paﬁsthhn§é&|eoﬂer¥thi apafedhoias ?Y(Fﬁ'?\ﬂ'ebﬁé)Q Pigdrésction 14 in
the normal mannéer. Expressed as a percentage of the thirckness of the

undepressed zonRkapd 4ehehdW 8hat chendiidesi ¢f the epdegdilonod candedprseeepern 3 on
one face only (i.e. with no registering depression) or the conbi ned depths
- of registergng tepedie tins forom reguired;, earkDpreferced angtepraeeécimabl y | ess
- than about 40% nore preferably |ess than about 25% the percentage is
pref erabl y nor ehehaangebelitabeat,585ste 710y , riecenh 8 theotieob @6 befingugh only -
t.he depressions 3 are illustrated in Figures 4a to 4e,. the depressions 4
coul d be shapedradissgdsgo avoid a cutting edge: it is found that the product
. is substantially the same. Figure 4e shows that more than
one depression 3 can be formed in a strand-forming zone 5:
10 if desired, the remote edges of the twin depressions could
be aligned with the ends of the hole 2. In one direction,
orientation will run along the strand-forming zone 5 until .
it meets the orientatfbn from the other depression 3 - in
the other direction, orientation will pass into or be impeded

15 by the bar 9 or junction 14 in the normaT manner.

Expressed as a percentage of the thickness of the undepressed
zones of the plastics material, the depth of a depression

3 bn one face only (i.e. Wifh no registering depression) or
the combined depths of registering depressions 3 on opposite
y L 20 faces, is preferably less than about 40%, more preferably

less than about 25%; the percentage is preferably more than

-

about 10%,possibly more than about 20%.

Though only the depressions 3 are illustrated in Figures'Qg

to 4e, the depressions 4 could be shaped likewise.



///20 Figure 5 Figure 5 shows plant'for t he biaxial stretching of punched

- pla s material sheet, generally as in GB 2 035 191B. The sheet s + . v/
unt froma reel 31 and passed between a line 5. of reciprocating .
punk 32 and dies 33. The punch:beam and the die beamcarry tools 2g for

fornmng depressions 3 as in Figure | a20adjacent the bottom dead centre -of
t he novenent of the punch beam The starting material 1 is then heated in
an encl osure 34, stretched MD by differential-rolls 35, 10 stretched TD on

a stenter in Figeed @d encl osure 36, cooled, and wound on a reel 37. In
each direction; Thé stretching force was applied to a plurality of the
strand-formng zones 5,6 at the sane tine. |If desired, the MD stretched

material coul GGed OLAGsARTMNOYE A8 Braieet Srbeahiny 6 beficldg St et ching,

15 and later wound™f or stretchi ng. net hod of

stretching pl g9gieresmitirial dhaut NGeRier£13yods TRSE8 P0OZ8 NYSB] O Ther m
orientated strands from strand-form ng zones of the plastics material, and

i ncl udi ng the shkep @f ufwounliof iinNg reb@r 35 SndNmasisad Hetheasta e of the
strand-form ng L . :
5 of reciprocating punches 32 and dies 33. The punch beam and
the die beam carry tools 26 for forming depressions 3 as in
~ Figure la, adjacent the bottom dead centfe of the movement
of the punch beam. Thé starting material 1 is thén heated
in an ericlosure 34, stretched MD by differehtial rolis 35,
10 stretched TD.on a stenter in a heated enclosufe 36, cooled,
and wound on a reel 37. In each direction, the stretching
force was applied to a plurality of thé Strandlforming zones
5,6 at the same time. If desired, the MD stretched material
could be cooled and wouﬁd on a reel directly after MD stretching,

15 and later unwound for TD stretching.

"

w}



'zones wW.thout material renoval when the plastics material-is—at—a—
t\enperature below the lower limt of its nelting range, prior to stretching

the-respective strand-formng zones. 2. The netho ' mﬂ rein- -
‘there i.s a plurality 10 of the strand-form ng zones |\m‘! E“‘“Im‘ *“ s

stretcﬁPﬁg direction to which a Stretchj.ng force is appli ed at ¥he® sanme
tinme. 3. The nmethod of Claim1l or 22,] wherein said tenperature is:
"substantially below the tenperature at which the strand-formng zones ar
stretched. 15 4. The nethod of Claim1 or 2, wherein said tenperature
is at or close £laiMshi ent tenperature. 5. The nmethod of any of the
preceding C ains, wherein the depressions are forned with a tool whose
cross-section taken parallel to the stretching direction is substantially

201 SOt oL 2815 Aol S B el LR AR o,
' ' -sh h di
oy I e

strand-formng ZgRasofithel PIAiescd WBENET, ahd Tncluding TAE JERPNGE of any

of the preceding | erein respeltive depression 1s in
strand-fornbng f&RAngedepPeEsions in at least some of the strand-forming

.

zones without material removal when the plastics material
5 is at a temperature below the 1ower limit of its melting range,

prior to stretching the respective strand-forming zones.

2.  The method of Claim 1, wherein there is a plurality
10 of the strand-forming zones in series in the stretching direction

to which a'strefching force is applied at the same time.

3. | The method of Claim 1 or 2, wherein said temperature
is substantfal]y below the temperafure at which the strand-forming

zones are stretched.

15 4, The method of Claim 1 or 2, wherein said temperature

is at or close to ambient temperature.

5. The method of :.g{a-ne- of th_e preced_ing Claims, wherein

the depressions aré,formed with a tool whose cross-section

taken parallel to the stretching direction is substantially
20 constant across the width of the tool, and which presents

opposite, inclined faces.

e



two hal es—or—mestopeni ngs whi ch have the sane l ength in the direction of
str, ch of the strand-formng zone, the depression extendi ng substantial |y

fof vvgﬂmllluﬂmmm lu!! hoI es 10 or mesh openings but not substantially -
‘fu of mwe?aﬁ Clains 1 to 6, wherein a =~ '
reSpéctive depre55|on Is in a stran orm ng zone between two hol es d?’nesh

openi ngs whi ch have the sane length in the direction of stretch of the
strand-form ng zone, the depreSS|on extending 15 for substantially |ess

of the precodimg OTAFEL aﬁe%f()w”?ﬁs %piﬁéﬁseﬁsfﬁngow e oBkefle”
depressi on | sn8URshaRLidhk! drdbeddie SRAILIBR 4B ofobnd n,sd Rehdigg m g

zone, as neasure rection in
strand-form nghgpditibPlyl thﬁgﬂzraﬁ{g‘w?%o the #rdiohnfn WRI&WEneT any of the
preceding O ains, wheréein the depressions are bounded by steps
supstanti al | y-eabedﬂmetsmgdi%rhmgt Renédnaee f bé hetrptamidi.cs material, the
steps extendi ng substantially at right angles to the 5 direction in which
the respective strand-formng zones are to be stretched 11. The met hod of
any of the preceding C ains, wherein

5 7. - The method of any~ene-of the preced1ng 01a1ms wherein

a respective depression is in a strand-form1ng zone between

two holes or mesh openings which have the same length in the

-

direction of stretch of the strand-forming zone, the depression
extending substantially for the whole length of the holes

10 or mesh openings but not substantially further.

8. The-method of any ene of Claims 1 to 6,“ﬁherein a respecti&e
depreesion is in a strand-forming zone betweeh two holes or

mesh openings which have the same_}ength in the direction

of stretch_of the_strand-forming zohe, the depression extending

15 for substantially less than the length of the holes or mesh

openings.
9. The method of any ere of the preceding Claims, wherein
the deepest part of a respective depression is substantially «

at the narrowest part of the strand-forming zone, as measured

-

20 at right angles to the direction in which the strand-forming

zone is to be stretched.



rot “nore than one depression is fornmed in a strand-form ng zon 12. The

‘et hadyof any of Claims 1 to 10. wherein a plural ummﬂ“ﬂjmw’i“iﬁg spaced

~apar, in the direction of stretching the respecti r ' zongs )
e(-ffo,r’\r-red in a strand-form ng zone. 13. Th&gnstihod"'ofc afly of the preng

- dai ﬁs\,"v\,herei n 15 the respective depressions extend right across thé

- strand-form ng zones, as considered in a-direbtion at right angles to the

direction in which the respective strand-form ng.zones are stretched. 14.

+ The method of any of the preceding O ains, wherein 20 the plastics materi al

-is biaxially-stretched in a continuously-operating plant, one stretch being

effected in the machine direction and the other stretch being effected in
the transverse dird8ti B mgsRod ipf BB oS ShenBrerRadigar Slaidg i phegeine sy

th 24 st d- ] [ i 1., st h_j
st (r.)Ztech di reitirgg. t&%r%s%ﬁ%g o:‘ ng?%/&egf b?hge&é%egg%%\%%&%?ﬂ:#eﬁgrei n

the starting matericabht Sargaeseeo heppacdd R bRé qRlaisBics matekdsij anennt eri al

sheet, the depressions being forned .
) steps extending substantially at right angles to the

5 direction in which the respective strand-forming zones

are to be stretched.

3 ' 11. The method of any of the preceding Claims, wherein
not more than one depression'is formed in a

strand-forming zone.

10 12. The method of any of Claims 1 to 10, wherein a
plurality of depressions, spaced apart in the direction
-of stretching the respective strand-forming zone, are

‘formed in a strand-forming zone.

13. The method-of any of the preceding Claims, wherein
15 the réspective depressions extend right across the :
'strand—forming zones, as considered in a direction at
right angles t6 the direction in which the respective

strand—forﬁing zones are stretched.

-

14. The method of any of the preceding Claims, wherein

{»

20 the plastics material is biaxially-stretched in a
continuously-operating plant, one stretch being'effected
in the machine direction and the other stretch being
effected in the transverse direction, and the

depressions being formed in at least those



generally at the same tine as the punching in an adjacent part of the

start he met hod of any of the preceding O ainms. wher€i.n \/
t he esm,ﬁl’l emlﬂ m,&! punching using a | ow speed 10 punch. 17. The .~
met h f any 0 g C arns, wherel n the depth of a depreSS| an on
one face only of the plastics materi aI . ?he conbi ned depths if therd are
regi steri ng depressions on opp03| te faces of the 15 plastics material,
expressed as a PgrGeRhS  Bondd WREDR ST ot Rl dRDERSSCd ZONes of the
plastics material, 1s a 30% or less than 40% 18. The nethod of C aim

17. wherein the pa:ramenéege sltsead:mmraa%m. | ess than 25% 20 19. The net hod
of any of the preceding C ains, wherein the depth of a depression on one
face only of the plastics material, or the conbined depth if there are

regi stering depressi Qps ﬂ]._hggpgpgn? bacete Prebbfidy @3hinsS, Wheebid!
expressed as a percentage of the 25 thickness of the undepressed zones of

the plastics Xheratartialg ma:erah‘.luuslﬂ%md hprenching 19kes2dn ahe net hod
of any of the ?recedl ng C aing, whe

plastics material sheet the depressions being formed

generally at the same time as the punching in an

adjacent part of the starting material.

16. The method of any of the preceding Claims, wﬁgrein
the depressions are formed'by punching using a low speed

10 punch.

17. The method of any of the preceding Claims, wherein
the depth of a depression on one face only of the
plastics material, or the combined depths if there aré
registering depreséions on qpposite faces of the

15 plastics matefial. expressed as a percentage of the
thickness of thé undepressed zones of the plastics .

material, is about 40% or less than 40%.

18. The method of Claim 17, wherein the percentage is

about 25% or less than 25%.

20 19. The method of any of the preceding Claims, wherein
the depth of a depressioh on one face only of the
plastics material, or the combined depth if there are
registering depressions on opposite faées_of the
plastics material, expressed as a percentage of the

25 thickness of the undepressed zones of the plastics

&

! &

e



'there ‘are registering depressions on opposi te faces of t he plastlcs
maveri.al and of substantially the same 5 depth. 21. The

.the,zptecedl ng *Cl ai ms, wherein, in the side edges Ill u IﬁEhﬂE
stran;i-form ng zones in which said depressions a sai

or nmeEsP=Hpeni ngs define wedge- shaped indents. 10 22 The met hod of Clarm
21, wherein said holes are radiussed squareszﬁmth a di agonal parallel ‘to
.the direction in which ”].[. espective strand-form ng zones are stretched.
23.- The method of BAVEHR é p%jbé’é‘éd?'?lbﬂ BPRR. t‘\ﬁl’fe?-&?'n 15 the plastics
‘material is a substantially unorientated, uniplanar plastics materi al
having a thickness of at least 0.75 mm 24. A nethod of stretching plastics
mat eri al . subst ant 2al I';heaaehmrdeiom dmsocrﬁ' hed piddediagcrimiae, twheraid 20 as
shown in, any of Figures err’%iii ures Lerr Figure [err], Figure [err],
Figure [err], FighP¥rg &Fp)Le9 tﬁﬁ?‘ 9 APPSPSEIARs @NSORROSIRE £RY’FBANYI Ng
drawi ngs, or with g 188¢€ e &2 25.
"Plastics materi al V\Eélg:r hagcgbgngﬁ:ag%?gt gﬁgdg %%ggg%f%é? ggbéfa any one of

t he precedi ng Cai depth.

es

21. The method of any of the preceding Claims, wherein,

vl

. in the side edges of the respective strand-forming zones
in which said depressions are to be formed, said holes

or mesh openings define wedge-shaped indents.

10 22. The method of Claim 21, wherein said holes are
radiussed squares with a diaéonal parallel to the
direction in whic¢h the respective strand-forming zones

are stretched.

23. The method of any of the preceding Claims, ‘wherein
15 the plastics material is a substantially unorientated,

uniplanar plastics material having a thickness of at

least 0.75 mm,

24. A method of stretching plastics material,

. substantially as herein described with reference fo. and

e

.20 as shown in, any ere of Figures la to 14, Figures 2a to
- 24, Figure 43, Flgnre ab, Figure agc, Flgure 44, Figure
4e or Figure 5 of the accompanylng draw1ngs. or with
reference to any one of the examples of Table 2.
25. Plastics material which has been stretched ﬁy the

25 method of any enme- of the preceding Claims.




