1. MESH STRUCTURE AND LAM NATE MADE THEREW TH Background to the Invention
GB 2 035 191A dnd GB 2 073 090A shoul d be referred to $pr Jacky u@g{:

details on stretching and orientating plastics 5 M Als. | De |n|t|ons
The term "rectangul ar” includes square. The term "orientated" neans J
nol ecw arly orientated. The term"thickness" refers to the di nension: noJ&%+

to 10~ the plane of the starting material or nmesh structure, the term
"wdth" refers to the appropriate dinensi,on in the plane of the starting
material or nmesh structure (normally at ri*ght angles to the direction of
the strand in question), and the term"w d ratio" is the ratio of the width
to 15 the thickness. The "calculated stretch ratio on the

i nterconnecting strands" iMgsHhSTRUGTURE AfiD LARINATE tMADE ETHERBWLTHOT t he
m d-points of the main zoM€S arter arawng to tnat Deror e araw ng (t hough

2 normal ly -the actual stretch ratio is |ess due to the main strands necking
down slightly between connection points wth the |nterconnect|ng strands).

The width of a rrmBackmndstg&hmrIaNg&ibhe di st ance bet ween

GB 2 035 191A and_GB 2 073 090A should be referred to
for background details on stretching and orientating plastics

5 materials.
Definitions
The term ”re;tangg1ar“ includes square.
The term "orientated" means molecularly orientated.

The term "thickness" refers to the dimension normal to
10 the plane of the starting materiél or mesh structure,
L~/ | the term "width" refers to the appropriate dimension in
. the p1§ne of the.ﬁtarting material or mesh structure (normally |
at right angles to fhe direction of the strand in question),
and the term “w:d ratio" is the ratio of the width to

15 the thickness.

The "calculated stretch ratio on the interconnecting strands”

is the ratio of the distance apart of the mid-points of

the main zones after drawing to that before drawing (though



5 the two |ines which are tangent to the Iine of holes or depressions on
eit side of the main zone, the sane being the case nutatis nutandis for
naiqég rands and nesh openings. A sonewhat: different definition applies to
(bbed structure (see below). 10 The depressions are not necessarily

formed- by the application of pressure. The Invention The invention. provides
a method as set forth in Daim1, 3132 30 33 or 39 nesh structures as'“€et
forth 15 in daim?25 , 33 34 or 35 and lam nates as set forth in Caim
[err]. The renaining Clainms set forth preferred features of the invention.
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cal cul ated st rﬁ‘tﬁhtﬁeaﬁﬁ&%c%ne@tﬂnﬁ"st%%)Ca” be applied to the

i nt erconnecting strands (though e Interconnecting 5 strands are
preferably not stretched so nuch that they fibrillate even if this is
possible with the particular plastics material used). The orientation .of
the main - The width of a main zone is generally the distance between

5 the two lines which are tangent to the line of holes or
depfeseions on either side of the main zone, the ‘same
being the case mutatis mutandis fer main strands and mesh Q;}
openings. A somewhat different definition applies to

a ribbed structure (see below).

10 The depressions are not necessarily formed by the application

of pressure.

The Invention

The invention provides a method as set forth in C1a1m
M 3L e EXIE 3"1 ST
1, $8;-19723—25-or26, mesh structures as set forth o
: 28, 33 Tu o 39 '
15 in Claim 1&——29——2t—or—22- and laminates as set forth
-l Wi of Wy

in Claim 27;—29-er30. The rema1n1ng Claims set forth

preferred features of the invention.

In the method of the invention, the main, paraliel zones
narrow down to form the main strands and thus stretch

20 out the subsidiary intermediate or transverse zones into



[

strands extends fromend to end thereof although they are interconnected by
the intercennecting strands at a 10 plurality of positions spaced al ong

the main strands..lt has thus been-di scovered that a nmesh structure whicir—
has substantial orientation in two directions at right angles can be

produced by stretching a substantlally u§ orientated starting materi al
si ngl\e/ direction. Nonethel ess, as exXpl ained below, the invention is

not restricted to oﬁé@g%?d Si'nw'c%n é&'-lﬂgrﬁ%hd%nﬁf\os‘ir@Wen%%aﬁt i al

contraction of th mat er whole in the "transverse" -direction

can be prevented f%fé,ra%;r;ﬁ \t%gtrjfd @s HANERE b ¥Y&XR 1 6M YfNGrawihd ,h NO

overfeed) or by h Vi ng | stance between the nips of draw ng
rolls: in the | attawg €Fle8latednstreott ratidsoof ray arcmore cpmrbel appldedy

adj acent the margins of the material but the effect of the invention can
still be obtai ned.toTthé datéricoanectiimge strandsc(thoyghvithe Hnterconnestdnge” zones,
t hese zones should 25 not be too wde (i.e. should not have too great a
di mension-in $he ditraeds ane ipfrefgnabdly inqk ﬁﬁEPFFh)PSn& mych that é"f‘Ehed) - they
are preferably substantially narrower .tha .e. the

di st ance between t'H@"hUIa&S QYP"d\eprEE%l‘BrP%F @r‘i’e"’ﬁ%@@r‘?ﬂ'fz i%" of the
adjacent Iine i's sybsfantialdYapLsgif’ + HeBridigatioh P GRe aR3Rt Of the holes

or depressions
strands extends from end to end thereof although they

o are inter;onnected by the interconnecting strands at a
~ 10 plurality of positions spaced along the main strands.
It has thus been discovered that a mesh stru;ture which
has substantial orientation in two directions at right
angles can be produced by stretching a substaﬁtia]ly unorientated
stafting material in a single direction. Nonetheless,

15 as explained below, the invention is not restricted'to

using a single, unidirectional draw.

Substantial contraction of the web of material as a whole
- . in the "transversé“ direction can be prevented for instance
| by using tenter-type chains (with no overfeed) or by having
20  a short distance between the nips of drawing rolls: in
the latter case, some contraction may occur, particularly
| adjacent the margins of the material but the effgct of
the invention can stf1] be obtained. To facilitate the
stretching of the “transverse" zones, these zones should
25  not be too wide (i.e. should not have too great a dimension
in the direction in which the main zones are stretched)

- they are preferably substantially narrower than the



in any one line. The nmain strands can have a uniform5 t hi ckness al ong
their_centre line (or another line parallel to their axes) and their wdth
50 be fairly uniform These main strands run right through the nmesh
e and give the nmesh structure its strength. Particularly if the
ructure is being used for a cross-laid | am nate 10 (main strands
of onme nmesh structure |ayer generally 4t right angles to the main straﬁﬁs
of the other nesh structure layer), the transverse strength of the nesh
structure is not of inportance and need only be sufficient for machine
handling in an 0 I.C proc : | n ' ds need.
only to keep t.h@ﬁtﬁagﬁﬁéét’rg°ﬁdsﬂfezﬂzg%ﬁt};ﬁ/c%;btreg?@l Elf)ér:?'g?&t éﬁldaeﬁ\r%gagt’ilgﬁg. It is

believed that i§flong TFAkNandOBReSeCbt The HtJscente1ine $¥ubstantyifiiyCi ent
strength to orientate the internedi ate zones, the interconnecting strands

shoul d be of sngtdager 2Ban ther Fstah&C aptabf heahdlegnort depradsfonst r ands, and
those cross-sectional areas are conveniently neasured at the m d-points.
The mai n strandén @ap quectiinei.nalhe nainetrpntds canShawer a ampifiorm unit area of the
mesh structure, for instance formng 85, 90, 95%or even nore of the weight
of the product, thicksessnalonmgheirosentire Lise - amethgrddnearahtedrial . In

order to achieve this, and i n order t,Q .achi eyve goo
to the?r axeé% and their wigth cgn a sogbe QairTy uniform.

These main strands run right through the mesh structure
and give the_mesh structure its'strength. Particularly ;;;
if the mesh structure is being used for a cross-laid laminate

10 (main strands of one mesh structufe layer generally at

| right angles to the main straﬁds oflthe other mesh structure
layer), the transverse strength of the mesh structure
is not of imporiance and need only be sufficient for machihé
handling in an automatic process; the interconnecting

.15 strands need only_fo keep the main strands roughly parallel

prior to laminating.

It is believed that if the main zones or strands are to
‘exhibit sufficient strength td orientate the intermediate
zones, the interconnecting strands should be of smaller
20 cross-sectional area than the main strands, and those
cross-sectional areas are conveniently measured at the

mid-points. The main strands can predominate in weight



L4

t ogetther) can give good cross-orientatio. A snall percentage w dth
reduction of the main zones can give a large stretch ratio on the

i ntermedi ate or transverse zones.

and formng a very | ow percentage
Apart fromthe foregoing,

5 cross-orientation, the distance between the main zones can be smal | —
(i.e. the mmin‘zones being close together),
pr esent) being correspondi ngly small
the surface area of the starting material .
a smald di stance between the main zones (when the main zones are close

the hol es or depressions (i%&é )
1 .

The main zones in the starting materi al
are preferably 15 peragquap@sinit @ireh dfOdhe WeSRStAGctirdE A7 indBarbest ance

between the mark.zones, if appreciable stretch is to be achieved In the

i nt erconnecti ng stfroamthg 85h&0e 958udrl eben amorarofetheuwbightoff the si de- by-si de
at |least ten and preferably at least fifty or a hundred.
Mesh structures 20TodiGn Hwspensynitrg) egpnami ¢ ruser 6f the plestimsrmitentialed main
strands to the neter. and one woul d expect nesh structure wdths of one to

mai n zones, e.g.

four neters. The main strands wll :
section, i.e. two Isi oederoto tabeiavectidsgl andoen mdém%fmqegvé)fgoédw_ nmesh
IS to be drawn solely in the
transver se difecticoasg-prjentattananthe distanoe betwekn the maid zgreweral , the

structure. 25

If the starting nmaterial

hol es or depressions in each |ine should

10
15
20
25

can be small (i.e. the main zones being close together),

the holes or depnessions (if present) being correspondingly
small and forming a very low percentage of the surface

area of the starting material; Apart from the foregoing,

a smail distance between the main zones (when the main

zones are close together) can give good cross-orientation.

A small percentage width reduction of the main zones can

give a large stretch ratio on the {ntermediate or transverse
zone§. The main zones in the starting material are preferably
at least $we—er four times as wide as the distanée between

IR racAs .

ﬁﬂehifones, if appreciable stretch is to be achieved in

the interconnecting strands. There would be a Tlarge number
of the sfde-by-side main zones, e.g. at least ten and
prefer#bly at least fifty or a hundred. Mesh structures

cén be producediwith from fifty to four hundred main strands .
to the meter and one would expect mesh structure widths

of one to four meters. The_main strands will usually. .

be of substantially rectangular section, i.e. two sides

of the rectangle being the faces of the mesh structure.

If the starting material is to be drawn solely in the

transverse direction (TD), a stenter can be used. In

usual |y be of substantially rectangul ar



be cl ose together to achieve the cross orientation of the internediate

ey - the internedi ate zones would thus be small, as neasured in the _
iﬁion in which the 5 starting rnaterial is drawn. Though one can use
gl e, unidirectional draw, it nmay be possible or advantagedus to draw
the—starting material biaxially. Thus the starting nmaterial can be drag@,'
e.g. to a small stretch ratio, in the direction at right angles 10 to the
main zones. This drawing will orientate the internedi ate zones to a
certain extent, though the orientation need not penetrate into the sides of
the main zones gendéralpahe WMAXENGH BOire@BPdns INRICKHN iRk IS de of a
respective mai.n zone and tangent to the holes or depressions). The stretch
15 rati o on t he dlosertogethert tongchieventie spofsoprientasionbef f or i nst ance
2:1. Subsequently (or even possibly sinultaneously), the material is drawn
paral l el to thethaiintemmediateszonaschithg internédiateizoneomesldut al so furt her
stretching out the interconnecting strands in a direction parallel to their

20 axes. Th&hyhoresmaply 2si mapsuped dnpdhepdinestinny inywhichithg a smal |

machi ne directio draw ysing draw rolls and then giving a large TD
draw in a s?enté??éggzéﬂFﬁ$%ﬁe+sg%@ngiIity, once the main strands have
been fornmed, it is possible to drawin the direction at right 25 angl es

to the main strands, further to stretch out the _
Though one can use a single, unidirectional draw, it may

L 3

be possible or advantageous to draw the starting material g;;
biaxiélly. Thus the starting_haterial can be drawn, e.g.
to a small stretch ratio, in the direction at right angles
10 tb the main zones. This draﬁihg will orientate the intermediate
zones to a certain extent, though the orientation need
not penetrate into the sides of the méin iones (i.e..pass
beyond notional lines on efther side of a respective main
zone and tangent to the holes or depressions). The stretch
15 ratio on the interconnecting sfrands so formed may be
for instance 2:1. Subsequently (or even possibly simultaneously),
the material is drawn paraliel to the main zones, stretching _ A
out the main zones but also further stretching out the
interconnecting strands in a direction parallel to their
20 | axes. The whole operation could be performed by giving
a small machine direction (MD) draw using draw rolls and

then giving a large TD draw in a stenter.

As a further possibility, once the main strands have been
formed, it is possible to draw in the direction at right

25 angles to the main strands, further to stretch out the
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7 interconnecting strands, possibly reducing or elimnating the thicker

smal | zones: referred to below. In general, in the nesh structures of the_

i avention, the ratio of main strand width: transverse pitch of main 7;\
strands, 5 as neasured at md-points (which are usually the narro SJCK '
poi nts} of the main strands, is preferably below 1:5, say from1l:4.5 0

1: 4. 25#or 1:4 down to 1:2, though |arger ?elative transverse pitches are
possible with suitable dinensioning of the starting material - the main
strands 10 at their narrowest 'points may be separated by a distance of

not nore than threéntdrgennechina stitands, possthdyrreducingresteljminating The
production of the correct nmesh structure depends upon a conbi nati on of

vari ous par anet er sthe shhckes smaldngangs 1neferregi te helow es or depressions
(i.e. transverse dinmension of the individual internediate zones and w dth
of main zones) and draw ratio applied to the main zones. The main zones in
the starting materimlgeaschit,htn the meshrsurdsturas tdfethedhvaitioe the are
preferably much wi der than they 20 are thick and hence tape-Iike,
preferred w. d rati oatiooef meim stnendmildthzotransuenset pitcheofhmain shcRndsei ng at

| east about 10:1, 20:1, or nore. If the majn zones are not very close
t oget her, hi g w das fepsuredrat midwRoints (whichaare, ypuaily WiecBarrowest ni f or m

may not be of greaf | MY ANRE mafw straddiQUH phi¥etabi vifow SN
say from 1:4.5 or 1#4.25_or 1:4 down to 1:2, though larger
- relative transverse pitchés are possible with suitable
dimensioning of the starting material - the main strands
10 at their narrowest points may be separated by a distance
of not more than three times their width at their narrowest

points.

The production of the correct mesh structure'depends upon
a combination of various parameters, such as pitching
| 15 of the holes or depressions (i.e. transverse ¢fmension
of the individual intermediate zones and width of main
zones) and draw ratio apblied to the main zones. The
main zones in the starting material and the main strands
in the mesh structure are preferably much wfder tﬁan they
20 are thick and-hence tape-1ike, preferred w:d ratios for
both the main zones and the main strands being at least
about 10:1, 20:1, or more. If thé main zones are not
very'close together, high w:d ratios are required.- The

actual thickness, if uniform, may not be of great importance,

25 though this has not been



8 assessed experinmentally. It is found easier to obtain nore uniform

t hi g ss strands with very thin starting materials, the thickness nornmally
becgiing | ess uni form as the average t-hi ckness increases (i-e. |ess *
t hi Ss 5 di fference between nmain strands and the interconnecting
str , and between different zones in the structure); it is found that

starting materials of thickness of 0.58m and I ess are preferred, the my%t
useful being those of 0.2mm and | ess. However, in principle, the starting
material 10 can be of any suitable thickness. The preferred starting
materi al is strassesyediexpérdmentalby. Wit cts Feundeeasierita obtajnori ng any
menbrane (which may not |ie on .the nedian plane), all parts of the starting
mat eri al are symonst unifarm dhdcknesaestrandawith asey ghinsdanrsing starting
material; in this manner, in the nesh structure, all parts will be
symmetrical aboAterhd! syetheaihinkanss nogmIiY mecamingrbess 4REOMMI | mor fibrils

whi ch | i h ' | - d.f '
rembrane. 1§ 1 st GREIRYET R EE| S05R AEraES diare 185% RINERSE Should 20
nave planag facerrapaids SCHEA HRINYFInY SHERHEHitORombEVIRY

i nsubstantial departures from uniplanarity or Tromplanarity are not _
excl uded - for 4f5hgicand ivdtaberel Mapaht VondD 1HbMNG ScPirte)R0 maLErTal wi th
pl anar faces, it would be possible to provide the starting material

it is found that starting materials of thickness of 0.5mm

and less are preferred, the most useful being those of

0.2mm and less. However, in principle, the starting material

10  can be of any suitable thickness.

The preferred starting materiai fé'sirfctly uniplanar,
by which is meant that, ignoring any membrane (which may
not Tie on the median plane), all_parts of the starting
material are symmetrical about the median plane of the

15 starting material; in this manner, in the mesh structure,
all parts will be symmetrical about the median plane,
ignoring any membrane, film or fibrils (which may not o/
1ie on the median plane) produced from the starting membrane.
It is further preferred that the starting material should

20 ﬁave planar faces apart from the holes or depressions,
However insubstantiai departures from uniplanarity or
from planarity are not excluded - for instance, in an
a1férnative to having starting_material with planar faces,
it would bg possible to provide the starting material

25 with parallel ribs, which cou]d.be formed by direct extrusion

or émbossing, the ribs forming the main zones (in this



25 with parallel ribs, which could be fornmed by direct extrusion or .
enbossing, .the‘ribs formng the main zones (in this case, the mﬁdtrléggéi
main zone is the width of the rib). The holes (or depressions if
applicable) can be fornmed e.g. by punching, slitting, enbossing or burn

in (on.a water-cooled roller), or by formmng themas the starting 5
material itself is fornmed (for instance ébturating aslit die e.qg.
generally as in French Patent Specification No. 368 393 or by integral
extrusion of a square nmesh as in U S. Patent Specification No. 3 325 181).
Slitting is a usefdake)ayeodidthroti agnaihezdnel £ the wildth efi thenoibsubst anti al 10
mat eri al renoval .and as it enables the nain zones to be very cl ose
together. A useful process is that in which a plastics sheet is forned with
l ongi tudinal slits, and is then heated whilst its longitudinal margins are
restrai ned, form rigerkaighl {oredenngssions Horerlicahle)erdt &8 farped s preferred

15 -to avoid any substantial protuberance arqund the periph ng of the
hol es or depressi 8. B PeRSHiRgsishHL 188 e oMBPTHAT AMBUREABINEOT | 0si ng t he

oD o551 OnS Sa0 Do B AP R PR b SR 1T e
20 ent e ou PR, PR e ARSIy abelcatbibobtieal |
' . die e.g. generally as in French Patent Specification No.
_ 368 393 or by integral extrusion of a square mesh as in
s U.S. Patent Specification No. 3 325 181). Slitting is
a useful way of fdrming the holes as there is no substantial
10 material removal and as it enables the main zones.to be
very close together. A useful process is that in which
5 plastics sheet is formed with Tongitudinal slits, and
| is then heated whilst its longitudinal margins are restrained,
forming roughly elliptical holes. In general, it is preferred
15 to avoid any substantial prqtuberance around the periphery
| of thé holes or depressions. If depressions aré formed,
L the membrane closing the depressions can be ruptured during
stretching and the residual film-l1ike material removed;

alternatively, an orientated film can remain in the mesh

20 openings. -

The starting material is preferably not substantially

orientated, though melt-flow orientation can be present.

The starting material can be any suitable thermoplastics



The starting material can be any suitable thernoplastics 10 material,

su s for instance high density polyethyl ene (HDPE), |ow density
pollyet)hyl ene, pol ypropyl ene, copol yner.s of. HOPE and pol ypropyl ene,

pol ters, and polyam de. Tape-like filanents tend to crack or’ split when
produced 5 from sone plastics such as HDPE and pol ypropyl ene, but these
may be acceptable for certain uses - tHt use of polyesters can reduce Mie
tendency to crack or split. The starting nmaterial can have a skin on one or
both faces containing an ultra-violet stabiliser; if alamnate is 10
formed and the skLné#g on one face, e outside face. The

ijntermedi at;a zomker sychas far I’éﬁ’f&"?ﬁe\,\ﬁéﬁh Sﬁés\ﬁgu?@y&'ﬂyééf‘ thedaxes and
gener a f? Sth T URPERL IR FostRE saly ST PRS ChREr Y B %811%%%2} gra i ng
mat eri a this @Pgbfﬁg‘?dfiﬁpf%pw"“?w#ta@ M ty;an )l e cou e

substantially |es onnectlng S may extend

general ly at riuife-2i\H ¢51dmentIQe@itd SfacRNSIS spl R wiaefZQroauthe
interconnecting strands need not have any specific geonetrical shape nor be

ali gned wi 6h anfromtenec phastdts rsuchtasaHDPE and rpmy;idapymuedebmf the respective
rnaln.stl'and these may be acceptab1e for certain uses - the use of

polyesters can reduce the tendency to crack or split.

The starting material can have a skin on one or both faces ;;j
containihg an ultra-vfoTet stabiliser; if 5 laminate is

io formed and the skin is on one face, it would be on the

outside face.

The intermedfate zones are stretched (and hence. one would

expect the axes and direction of orientation of the interconnecting
gw-’u

strands to extend)Lat -r\sh.\ w\%\h to the direction of

15 drawing the starting material; this—angle—is—preferably
Feughh—ge-L—but——t—he—anﬂe—eeuJG—be—sﬁbst—aﬂt-#aH—l-ess -
than 99’«%hough—%%—+s—pfeFefab%y—more—than—?ﬁ‘-——*hough

L PPV § Qe b
Lhe interconnecting strands may extend]iubstant*a++y at
right angles to the main strands,—this—need—not—be—so-

20 The interconnecting sfrands need not have any specific
geometrical shape nor be aligned with any interconnecting
strand on the other side of thé respective main strand
- for instancé, the interconnecting strands could form

the “"verticals" in a "brick wall" pattern with the main

25  strands forming the “horizontals".



-

- for instance, the interconnecting strands could formthe "verticals" in a
"brick wall." pattern with the main 25 strands formng the "hori al s".
The nesh structure .can be very flat and thus easily lamnated to de
good cross-laid | am nates. Although there nay be small zones of thicker

mat eri-al where the interconnecting stranﬂi join the main strands, there
need e no | arge-sized 5 nodul es whicht*coul d interfere with bondi ng.

The structure may be cross-lamnated with a simlar or identical structure,

but this is not nemesseshi srudturel ban derveryufiat amd thes eesidydl aiineted y f ace
to face or can be separated by at |east one further |ayer. Mre generally,
the mesh structureto poovidefgootiecrionsdadid ckamipatese HIERY@htEheRe| ayer (such as

ientated plastics material filmwith ferred di i f
or' ont at i on) whi CIPAtze ALY RaResiAT; WAIRKEN PRTRSTAT (MIeChEnE, SECTRORCHR i n

t d f th f the. i bej - - i gh
2G5 to the 15 SHIAPEEPHh ¥bF mRLR shi e e s hE R  Aokts g ' 0T
structure of Lhis Jquenl WRILERBTPYR & rBAE NI b6RNNG. | Mrbistrdeeet i on of

the main strands an e Cross- am nate w have good strength
characteristics i may\ge Gro@sliafitatad witBhi saidlaesor AderiticanBshuctureict ure of

20 the invention'can be fornmed and | am nated at nmuch greater speeds than
fabrics can be wovsit ©hiskmétriotdnecebsarily esul.i ofhe structures can be
bonded directly face to face or can be separated by at
\ least one further layer. More generally, the mesh structure
© .10 of the invention may be bonded to a layer (such as an
orientated pl&stics material film with a preferred direcfioh
of orientation) which has a marked maximum strength in
one direction, the main strands of the mesh structure

of the invention being generally at right angles to the

'15 direction of maximum strength of said layer.

" The mesh structure of this invention can have a high strength
in the direction of the main strands and thus the cross-laid
. laminate will have good strength characteristics in-twq
directions at right angles. As the mesh structure of
20 the invention can be formed and laminated at much greater
speeds than.fabrics can be woven or knitted, the 1nvention
renders possible the fabrication at relatively high speeds
of a material which can be substituted for woven fabrics

for some purposes.

25 . The mesh structure of this invention can be used without

-1amination,_i.e. as an unlaminated material.



can be substituted for woven fabrics for sone purposes. 25 - The )

structure of this invention can be used without |lamnation, i.e. as an
unl am nated materi al . 12 Description of Preferred Enbodi nent's The
invention will be further described, by way of exanple, with reference to
t he acconpanyi ng drawi ngs, in which:- IRigure 1 is a plan view of a plastics
starting material 5 for form ng a mesh structure in accordance with the
invention: Figure 2 is a plan view of the nesh structure formed therefrom
Figures 3 and 4 mesh structures in accordance

i i e =G : tZe view of the nesh structure of

10 Fi gure 4, Flgure 6 is a sectlo along the plane VI-VI in Figure 5:
Figure 7 shows various shapes of holes or depressions that can be used in

the starting met ientigh wifl serﬁ.r%nérsdascﬁqbsdmbycuageaﬁ&%ﬁme view of a
| am nate in accordance wth the invention; and Flgures 9 to are

schematic sectiwiRf ftdfepsrth s¢nhet&t@bmﬁaammjﬂdemn@saq@uowmhee WIth t he
i nventi on.

iéggﬁrs possi ble the fabrication at relatively high speeds of .a materi al

Figure 1 is a plan view of a plastics starting material

5 for forming a mesh structure in accordance with the invention:
Figure 2 is a plan view of the mesh structure formed therefrom:

Figures 3 and 4 are plan views of two further mesh structures

in accordance with the invention;

Figure 5 is a perspective view of the mesh structure of

10 Figure 4;

Figure 6 is a section along the plane VI-VI in Figure

5:

Figure 7 shows various shapes'of holes or depressions

that can be used in the starting material;

15 Figﬁre 8 is a schematic perspective view of a laminate

in accordance with the invention:; and

Figures 9 to 14 are schematic sections through six other

1aminates in accordance with the 1nvéntion.
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13 In the draw ngs.
contoured zones are indicated with hatchings.
Figure 1. the starti.ng nmateri al

the hatchings run up and down the slope: only sanple
Figures 1 to S 5 Looking at
is a strictly uniplanar sheet of plastics
material 1 having planar faces and in which is formed a regular pattern o

f

hol es or depressions 2; the holes or depressions 2 are in lines, the holes

or depeessions 2 in each line dividing 10 the starting material 1 into a

| arge nunber of parallel main zones 3 which are close together and on

either side of or separated by the lines of holes or depressi-ons 2;

t he

hol es or depressions 2 also define small transverse or internmedi ate zones S

bet ween the main zones 3 and 15 between the hol es or ‘depressions 2:

the internediate zoi(}?%#g hga&%g%eggagggﬂg&s gﬁgeﬁea%i Y6ud idag at right

angles to the 1ine

strands 6 are at

i nternmedi ate zones 5 are defined between the planes defined by the outer

faces of the

ol es or e I nterconnecting

ri gidpedanghbs sampléccamtionred rzonds e dadibecest &ithng
material is 20 uniplanar with planar faces. the thickness of each
i nternedi ate zone 5P4CBiRESsane as that of the main zones 3. i.e the

10

20

25

Figures ) to §

Looking at Figure 1, the starting material is a strictly
uniplanar sheet of plastics material 1 having planar
faces and in which is formed a regular pattern of holes
or depressions 2; the holes or depressions 2 are in
lines, the holes or depressions 2 in each line dividing
the starting material 1 into a large number of parallel
main zones 3 wnich are close together and on either side
of or sepa:éted by the lines of holes or depressions 2;
the holes or dep:essions 2 also define small transverse
or intermediate zones 5 between the main zones 3 and
between the holeé or depressions 2: each of the
intermediate zones 5 is symmetrical about a respective
line at right angles to the line of holes or depressions
2. and the interconnecting strands 6 are at right angles
to the main strands 4:; as the starting material is
uniplanar with planar faces, tne thickngss of each
intermediate zone 5 is the same as that of the main
zones 3, i.e the intermediate zones 5 are defined
between the planes defined by the outer faces of the

main zones; the holes or depressions 2 are close

together and the distance between the holes or

depressions 2 of one line and those of the adjacent line

is substantially greater than the distance apart of the

each of



ance betmeen the hol es or depressions 2 of one line and those-of the

cent line is substantially greater than the distance apart of the 14
hol es or depressions 2 in each line; the holes or depressions 2 preferably
have their centres on a notional rectangular grid and the area of the hgles
or depressions 2 is prreferably | ess than 2% of the plan 5 view of £
starting material 1. For the purposes of illustration and for nost of the
foll owi ng Exanpl efio1dd@rhaépressiofer Aaseasts 1Anat ecrsdanedsoci rcul ar. but
Figure 7 shows various shapes for the holes or depressions 2, including
sinpl e piercings 8MRFessipls NATREBEAPIY PRYP dihels FRELSOPR G pr essi ons ar e

e o T or 100 orddadic SHASRAEY $NA! J36UA( DOL S Ul B ygre: Wit

radi ussed corners gure op ro grve er control during

stretching and a bBepiedsiof®re yscguteferabl@urdss tham 0% of(twe @lareans t hat
the sides 15 of the square are parallel to and at right angles to the
stretching dirgct VoW 9ff tBe oHP&tdRg W4i926?¥ébt|5ﬁ‘|?PRM?P6H°??ﬁ3°ﬁajor axi s

of Lhe holie o JeBLEAFS0:4 GHCRE A1 BE Bld 181101 ekbbfud.Nenl i nes O

hol es or depressions 2 or right
holes or depressions 2 are shown as circular, but Figure

éﬁ;} zones; the holes or depressions 2 are close 25 together and the
a

7 shows various shapes for thé holes or depressions 2,
including simp;e piercings and slits. Although circular .
10 holes or dépressions are easieh for tooling, it is o/
suggested that square holes on the ‘square, with
radiussed corners (Fiqgqure 7, middle of top row) qive
better control during stretching and a better, more
regular product Q "on the square" means that the sides
15 of the square are parallel to and at right angles to the
stretching direction. 1If elongated, the direction in
which the major axis ~¢ the hole or depression 2 extends
can bé either parallel to the lines of holes or

depressions 2 or at right angles thereto.

20 The starting material 1l is drawn oniy in the direction
indicated by the double arrow in Figure 1, while
preventing any substantial contraction of the web of
material as a whole in the direction at right angles to
the drawing direction, i.e while preventing any

25 substantial reduction of the (transverse) pitch of the
main zones 3, though permittiné reduction in width of
each individual main zone 3. As illustrated in Figure
2. the material forms a geomeﬁrically regular product.

The main zones 3 in the starting material 1 are



<
20 The starting material 1 is drawn only in the direction indicated by the

double arrow in Figure 1, while preventing any substantial contraction of 2\
the web of material. as ‘a whole in the direction at right angles to the @
drawing direction. i.e while preventing any 25 substantial reduction of t

(transverse) pitch of the nmain zones 3. thoug&lferm'tti ng reduction in

wi dt hof each individual main zone 3. As illu

stretc In

material forns a geometr'h(e:éﬂl‘ld‘yat riﬁggl rnetgﬁ‘g%%c} u %’%m&go

starting material 15%h%¢

contrnu

ated .in Figure 2. the

EPNRScdal N the

ous.

uni axi al | y-ori ent at pghrangG i fNGlec8Los GlinoBt reride 8t wisieds ade whikeh tapes | i ke
tapes or filanments running right through the structure. t

ext endi ng | ongi t udi BlfilappRteduaning right gEhfough| Yhey HEAPFEIE R0 ERBEF dr awi ng
direction, and fromend to,end thereof, i tr
substantial |y uni fo?'f“r’ﬁ"ﬁlagf{?\ ses%te é“{%é°§§g‘é‘l‘{lﬁlﬁé}§fﬂ‘§‘%"
zones 3 substantsal jyndtatigagarallehete et Aeainigceinécuwiont r &t itoomof each
main strand 4 10 as the main strand 4 reduces in wi dth causes the

i ntermedi ate zones $°d GosERALERPLALT Y|t CARYT eSS tHiRedr Bhg directi on.
to form discontinuoys,  SHRELPly Gn9ESim GHlikRAM s 27 K2 cilis@kb 24 dne, OLAEN AL €d,

transver se,

heir orientation

i have
gf hnﬁc%;f' t he main

width of the main zones 3 substantially decreases,

whereby the force of contraction of each main strand 4

10 as the main strand 4 :edﬁces in width causes the -

intermediate zones 5 to stretch at right angles to the

drawing direction. to form discontinuous, smaller

15

20

30

cross-sectional area, uniaxially-orientated, transverse,
inte:connectinq strands 6 which extend at right angles
to the main strands 4 and interconnect the main strands
4 at a plurality or large number of positions spaced
along the main strands 4, with the orientation extending
longitudinally of the interconnecting strands 6, i.e. at
right angles to the drawing direction. The mesh
structure is biaxially-orientated. In the generally
rectangular mesh openings formed, the largest dimension
parallel to the main strands 4. is substantially greater
than that at right angles to the main strands 4. The
width of the interconnecting étrands 6 is substantially
less than that of the main strands 4 and the
cross-sectional Srea 6f thé mid-points of the
interconnecting strands 6 is less than the minimum
cron-sectional area of the main strands 4; the

orientation of (or stretch ratio applied to) the

interconnecting strands 6 may be



i_nt erconnecting strands 6 which extend at right angles 15 to.the main
®ands 4 and interconnect the main strands 4 at a plurality or [arge ¥
er of positions spaced along the.main strands 4. with-the orientation
endi ng longitudinally of the interconnecting strands 6. i.e. at right
-‘angles to the drawing direction. The nmesh 20 structure is :
bi axi al'ly-orientated. In the general I3 rectangul ar nmesh openi ngs forned,
the |l argest dinmension parallel to the main strands 4 is substantially
greater than that at right angles to the main strands 4. The width of the

i nt er connect i NGSEARAIPIyOmbie THAP kARE iapbl $ed28o IRe SndiRagtrh@d of the main

strands 4 and the cross-sectional area of the m d-points of the

i nterconnecti ng $hdugRdehi€ i$ nbesesseieiall hamai sureteh cadisogect i onal area of
the main strands 4: the orientation of (or stretch ratio applied to) the 30
i nt er connect i rifresintandenn@cting btrands 16 is udese emined| byy thorddanétan t hat applied
to the main strands 4, though this is not essential. The stretch ratio of

t he i nt er connewt Widghsef dheshades sonjderness ing Byandhehegregustdon or wi dth of the
hol es or dﬁpressions 2 and the reduction 5 |n width of the main zones 3

when forni Rg tMewhdthno§tng Bainszonescs wapH TOSAEY She M3 Fthdltdscase in width

by at 1east ;" e main zones 3 should decrease in width by at least

50%, as measured at their narrowest parts. According
to the stretch ratio applied, small, thicker unorientated k;;
or less orientated zones 7 (small blobs and/br unstretched

10 shoﬁlders) may remain adjaceht each end df’eath interconnecting
strand 6. The zones 7 may be thicker than both the main
and interconnecting strands 4,6, or just thicker than
the main strands 4. The zones 7 need not necessarily
be pkesent; for instance with polyester, the corresponding

15  zones may be flat or have slight depressions, indicating
that.biaiial orientation has occurred in such zones (this
.possibly occurs éven if there are blobs or shoulders).
No account is taken herein of the small zones 7, or of
the depressions, when giving the stretch ratios on the

20 interconnecting strands 6, i.e. it is assumed that the
whole of each interconnecting strand 6 streﬁched out uniformly,

although this may not be the case.

The stretching is carried out at a temperature above the

second order transition temperature of the'p1astics material
25 but substantially below the softening point so that melt

flow orientation is avoided durihg the.stretchiﬁg; for

example for HDPE, the preferred temperature range is 75°



<

50% as neasured at their narrowest parts. According to the stretch ratio, _
applied, small, thicker unorientated or |less orientated zones 7 (snall A~
blobs and/or unstret.ched 10 shoul ders) may remai n adj acent each end of e §B
i nterconnecting strand 6. The zones 7 may be thicker than both the main

I nterconnecting strands 4,6, or just thicker than the main strands 4. The
zones™¥ need not necessarily be present; 16r instance with pol yester, the
correspondi ng 15 zones may be flat or have slight depressions, indicating
that biaxial orientation has occurred in such zones (this possibly occurs

f th |-d t ak h f th
Shall | zonos 7. “or . &0 TeCy BPé’%spﬁﬁé)hm B SEistifas' €87 Bergineales on tne
20 |nterconnect|ngnsé PpinQY hm§1 is assuned that the whol e of each

i nt erconnecting strand str %ﬁt uni formy, although this may not be

the case. The stretching is carried out at a tenperature above the second
order transition tenperature of the plastics material 25 but substantially
bel ow the softeni ngiggeny so that nelt flow orientation is avoi ded during -
the stretching; fof exanple for HDPE, the preferred tenperature range is

75[err] 16 to 102[err]. After stretchlng, the structures can be anneal ed
in a well known manner.
As indicated above, Figure 7 shows various shapes of holes

5 or depressions 2 that can be used in the starting materiail.

Examgles

To provide typical examples, a parallel-faced starting
material was formed with holes on a notional rectangular

grid. The square holes of Example 4 were “"on the square.

10 The starting material was stretched at an elevated temperature.
The following Table gives details of four Examples. All
dimensions are in mm, unless.otherwise specified. The
N starting materfal was planar and effectively parallel
| side&, though-differences in.thickness were noted in one
15 start;ng material (used for Examples 1 and 2), the makimum
and minimum thickness of the startinglmaterial being recorded
as 0.28 and 0.21 mm (nominal 0.25 mm). In each Example,
the maximum thickness of the product was at zone 7. Due
to thickness variatiohs in the starting materials (small
| 20 in the case of Examples 3 and 4), there were-variations
in the dimensions observed in the products, but average

values have been recorded for Examp!es 1 and 2 and



epressions 2 that can be used in the starting material. Exanples To
de typical exanples, a parallel-faced starting material was forned
'hol es on a not'ional rectangular grid. The square hol es of Exanple 4
were“"on the square". 10 The starting material was stretched at agy
el evated tenperature. The followi ng Tepl e gives details of four Exanples.
Al'l dinensions are in mm unless otherw se specified. The starting nateri al
was planar and effectively parallel sided, though differences in thickness
were noted in one 15 starting materi al (used for Exanples | and 2), the
maxi mum and nij typigal tvail udadee Exemples 3taadt4d.ngImuopmergiabairaduatdens ded as
0.28 and 0.21 nm (nom nal 0.25 mm. In each Exanple, the maxi mum thickness
of the pr oductCWG"a'%mE%S?tO‘Bﬁé"qeé vou1dibresaquixed Rfi bR SEArtIAG starting
materials (small and 4) there were
variations in ‘P?F@"H‘?MH%’? &Hgs’osgé}c\éﬁg fart ﬁggﬂf%ic?@ but average val ues
have been recorded for Exanples 1 and 2 and 17 typical values for
Exanples 3 and 4. In comercial production, closer thickness tol erances

woul d ‘be requi f@%i’f Hehﬁ‘ot%hafrtdm”%e”%ﬁd hat' RAE WikERE olrNghiecat ed for
Exanples 1 and

5 1nterconnect1ng strands are much less than the widths:

/]

Figure 7 As indicated above, Figure 7 shows various shapes of holes 5
E%EE?

of the main strands (the widths being measured at the
narrowest parts of the interconnecting strands and of ' -’
the main strands, respectively). It will also be noted
from the Table that the distance apart of the holes in
10 the starting material, as measured in the stretch direction,
is much less than tﬁe distance apart of the holes, as measured

in the transverse direction.



It will be noted fromthe Table that the widths of the 5 I nt erconnecti ng
strands are. much 'l ess than the widths of the nmain strands (the w dths bei

measured at the narrowest parts of the interconnecting strands and of thHe™
mai n strands, rtespectively). It will also be noted fromthe Table that t\ie~
di stance apart of the holes in 10 the starting material, as neasured in
the stetch direction, is nuch |ess than,he distance apart of the hol esas

nmeasured in the transverse direction. 8 Tabl e Exanple
1 2 3 B 4 Figre in which illustrated
2 Jable - 4 4** Nateri al
80/ 2D HDPE/ L DE HDPE HDPE Thi ckness
0.25 m,.__o.ﬂ;_L 4.5 Hol2e tape 3 A
circul ar Efgre in aich lustrated o | o2 square, %adiussed #8rner Hole
si ze Materfal 1.6 SY20L /5 T.6 0. 75 radr as
corners Hole pitch (stretch directi onfFEADE * 2. JMDE HCPE/
2.4 : TRGTEse PrTC (TTansSvVeT 5625 636 0.3 v g
12.7 R e — ciraular circular circular square,
' radiussed
comers
Hole size ~ 1.6 3078 1.6 6.5
0.75 radius corners
hole pitch
Hole pitch (transverse) 6.3% 2.7 2.7 25.8
" Wt d ratio main zones g1 K] 22:1 4.2:1
Teperature of '
Stretching (*C) 75-85 75-85 %0 %
Stretch ratio on .
Jongitudinal strands I:1 3.5:1 9:1 5.6:1
Longitudinal strand
width reduction 66% k.4 I7 3 53
(measured at mid-point)
Maximm opening size,
measured in transverse 49 7.2 6.5 15.5
direction
Calculatad stretch ratio I
on intercomnecting 3.08:1 2.26:1 4.06:1 2.58:1
strands _
Longitidinal strand
thickness (mid-point= 0.08 0.07 0.16 1.78
thinnest point)
-/ Longitudinal strand width .
(i d-pointsnarrowest part) 1.5 5.5 6.2 | 9.0
w:d ratio longitudinal strand 19:1 79:1 39:T L]
Intercomnecting : _
strand thickness 0.08 0.07 0.20 2.5
(mid-point)
nierconnecting strand
width (mid-point) 0.3 0.3 0.5 1.0
Thickness of thickest _
point of structure 0.18 0.18 0.45 3.3

* Co-extrusion (one-sided)  * * Closest Figure



w. drato main nes 19: 1 - 38:1 22:1

L

4, ‘Tenperature of. Stretching ([err]) 75-85 -+ 75- 85

9 96 Stretch ratio on | ongitwudinal strands : - 7:1

3. 9:1 5.6:1 Longitudinal strand wi dth reduction

669 38% : 44 53% (nmeasured at md-point) -

Maxi mum openi ng si ze, neasured in trand¥erse , 4.9 7. 2"
6.5 15.5 direction-Cal cul ated stretch ratio on interconnecting
3.03:1 2.26:1 4.06:1 2.58:1 strands Longitudina
strand thickness (md-point= 0. 08 0. 07 0.16
1.78 thirnest -point) Longitudinal strand wdtb 1.5 5.5 '
6.2 (odd- poi ntnarrwest part) w.d ratio |ongitudinal strand
19:1 79£¥QBE_Q 39:1 5:1 strand thickness

0.08 0. 07 0. 20 2.5 (md-point) Interconnecting
stran 03 0.3 ' 10 wdth

(m d- poi nt) Thi ak¢ross-1afidt Tamd ket woﬂhbim dfn Btgm-ew eand can be 0.18

0.18 0. 46 3.3 * Co-extrusion (oe-sided) * * ( osest
Figure considered as having been made in a machine whose machine

direction {(MD) is indicated by the arrow. The laminate

5 is formed of two layers 21, 22, egch of which can be generally

in accordance with any of Figures 2, 3, or 4, The top g;;

layer 22 has been stretched in the MD and the bottom layer

21 has been stretched in the transverse direction (TD).

The bonding is preferably effected by providing a muiti-component
10 starting material, having on at least one face a bonding

material which bonds at a temperature which does not deﬁtroy

the physical properties of the mesh structure, the two

mesh structure layers being heated to bond them - thus

the bonding material can be a skin which melts or becomes
15 tacky at a temperature (or temperature and pressure) at

which the main component of the mesh structure wéuld not

de-orientate. The bonding material may be for instance

ethylene vinyl acetate or low density po]yethyléne (LDPE):

the starting material can for instance be unorientated
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19 Figure 8 A cross-laid lamnate is shown in Figure 8 and can be —
consi dered as having been nade in a nmachi ne whose nachi ne direction (M) %gﬁ,
i mdi cated by the arrow. The |am nate 5 . is formed of two | ayers 21, >
each of which can be generally in accordance with any of Figures 2, 3, or
4. The top |ayer 22 has been stretched in the MD and the bottom | ayer 21

has b&eén stretched in the transverseodirection (TD). The bonding is
preferably effected by providing a nulti-conponent 10 starting material,
having on at | east one face a bonding material which bonds at a tenperature

whi ch does not destroy the ghysical roperties of the mesh structure, the
two mesh struct ureol-b%@rg’“b' i pRj ypeapydene withhagthinehaver: ofud0PhONhondi ng

terial b kin which | t b 5 tacky at a t t
(or tenper ature andt pIR8SEIE) Azt LRe PAHING BRI alsoAChA POPVIdRa moch
t t | d =~ OL| T | L, al f I nst
cthyl one vinyl acel B0 or AL Sayy' P6r \RBEARER A7 exthRsplRbabfhd Ol or (Trg "

material can for igptQegeisisIOr ArRrAdtadely, 8Dbonding material or
5 adhesive can be applied71mmed1ate1y prior to Taminating.

| Figures 9 to 14

In Figures 9 to 14 MD stretched layers are indicated as
21 and TD stretched layers are indicated as 22, although
in the alternative these could be reversed. Figures 9

10  and 10 illustrate three-layer and four-layer laminates
respeétively. Figures 11 to 13 show the incorporation
of one or more layers 23 of another material, e.g. polyethylene
film. Figure 14 shows the lamination of a layer which
can be generally in accordance with Figure 2, 3 or 4,

15 with a film 23 of plastics material, e.g. polyethylene
film, which has a preferred or single direction of orientation
(direction of maximum strength) at right angles to the

main strands 4.

Uses

20 The single layer mesh structure of the invention can be
used for: Sunshade cloth, wind-breaks, sand barriers (small

thicknesses), civil engineering such as grouhd'stabilisation



t hi ck pol ypropylene with a thin'layer of LDPE on at |east one face.
The /hondi ng material can be provided in any suitable way, for ‘i nstance by
4i on coating or co-extrusion. Alternatively, a bonding material or 5
cdive can be applied imediately prior to lamnating. Figures 9 to 14 In
Figures 9 to 14 MD stretched | ayers arﬁlindicated as 21 and TO stretched

| ayers are indicated as 22, although ifi*the alternative these could be'™
reversed. Figures 9 10 and 10 illustrate three-layer and four-I|ayer

| am nates respectively. Figures 11 to 13 show the incorporation of one or
more |ayers 23 gt angfdieemdrit F{]dr@l!’th‘ic%es@@i)\’,eP@dérﬁi‘ecofnk{:FﬂctFérﬂu_re 14 shows
the lamnation of a |ayer which Can be genérally in accordance with Figure

2, 3 or 4, 15 suchvas lconcFatenr@ihfofcaments) plastent iinfbrcement pol yet hyl ene
film which has a preferred or single direction of orientation (direction

of maxi num st r efigrt lepiHingr paylel s arghea Fal seheeildng, and aspbalt Uses 20 The
single layer nesh structure of the invention can be used for: Sunshade

cl ot h, wi nd- br ea&inforcamenpmith the najinastrands @xtiendiag)trapsvarsebhgi neeri ng

such as ground stabilisation. 21 or reinforcenent (Iarge t hi cknesses),
general cohstru@fithg, traffic direction (in this case, polyester is a ,

preferred material).
The Taminate of the invention can be used for:

.Textile fabrics for industrial application, wjnd-breaks;
shade cloths, bases for needle felt, olive harvesting

10 nets;.packaging, tarbaulin, bale wraps, carpet backings,
. or sacks or bags e.g. for wool, cement (laminated with

paper or film) or fertilizers.



v

such as concrete reinforcenent, ei“

Mnt for ceiling panels or

as a false ceiling, and asphalt r ﬁi mm‘ﬂ“ the main strands _
eXtendi ng transversely 5 of t dfrettion (in this case, '

pol yester is a'preferred material). The Ianlnate of the invention can be j%%"
used f.or: Textile fabrics for industrial application, w nd-breaks, shade

cIoth§?4bases for needle felt, olive harvegling 10 nets, packagi ng,
tarpaul in, bale waps, carpet backings, oriﬁﬁﬁks or bags e.g. for wool,
cenent (lamnated with paper or film or fertilizers. Claims 1. A nethod

of making a plastics material nmesh structure, conprising: providing a

pl astics starting - material which has a 5 regular pattern of holes or
depressions, the holes or depressions being in parallel notional |ines, the
di stance between the holes or depressions of one |ine and those of the

adj acent |ine beingigimstantially greater than the distance between the

hol es or 10 depressions in each line, the holes or depressions defining

el ongate, side-by-side nain zones between -the |lines of holes or depressions
and intermedi ate zones between the holes or depressions in each line, each
of 1. A method of making a plastics material mesh

structure, comprising:

L : providing a plastics starting méterial which has a

5 regular pattern of holes or depressions, the holes or
depressions being in parallel notional lines, the
distance between the holes or depressions of one line
and those of the adjécen; line being substantially
greater than the distance betweén the'héles or

10 depressions in_gach line, the hdles or depressions
defining elongate, side-by-side main zones between the
lines of holes or depressions and intermediate zones
between the holes or depressions in each line, each of
which intermediate zones is genécally symmetrical.about

15 a respective notional line at right angles to the line
of héles or depressions, the_major part éf the thickness
of each intermediate zone being between planes defined

by the outer faces of the main zones: and

drawing the starting material only in a direction
20 substantially parallel to the main zones while
preventing substantial reduction of the pitch of the

main zones though permitting reduction in width of each



internmedi ate zones is generally symetrical about 15 a respective
nofliéanal line at right angles to the line of holes or depressions,:the

part of the thickness 01 u te zone belng bet ween pl anes *
ed by the outer faces of llmml"“mmm and drawi ng the starting
material only in a direction 20 s@bstantidl |y parallel to the main zones.
whi |l e preventing substantial reduction of the pitch of the main zones

t hough permitting reduction in w dth ofigqph i ndi vi dual main zone,

t hereby stretching the nmain zones out i@ & continuous, substantially .
uni axi al ly-orientated main strands with the orientation therein extending
substantial |y uinfidwidualr maiandonhe, ethereby geteetehing tee aldial Zomeshe
drawi ng direction, substantially decreasing the width of the main zones
when form ng thouMauntgtpanusnunusebyubhbanbtcblbfu@xﬁxxa&iyfnrxﬁnuamﬂd mai n
strand as the main strand reduces in w dth causes said internediate zones
to stretch in aRdiRe8tFaRdSoWiERCFRP| 9rhentaEhen JRpERLR AXIRAGARG ng

di t to f di t bstapti al | t at
nt or connect | ng SBbPAABSLRAY URAE BFRLRNEERS 484 1P e ywﬁ' enRRALY,

bi axi al | y- or|§nhg&§q1g§sQoskﬁgcaggﬁl#ﬁtgipgge g?cog@g orientated

mai N strands an said orrenta rconnect! ng ra s Wth the
decreasing the width of the main zones when forming the

main strands whereby the force of contraction of each

main strand as the main strand reduces in width causes i;f

said intermediate zones to stretch in a direction -

10 generally at right angles to the drawing direction to
form discontinuoﬁs. substantial uniaxially-orientated
inte:cohnecting st:aﬁds which interconnect the main
strands, whereby a biaxially-orientated mesh structure
is produced comprising said orientated main strands and

15 said orientated interconnecting strands with the
orientation in the interconnecting strands extending
generally at right angles to the main strands And_the
cross-sectional area of the mid-points of the J
interconnecting strands being.less than the minimum

20 cross-sectional area of the main strands.

2. The method of Claim 1. whereih the starting material

is substantially unorientated.

3. The method of Claim 1, wherein a substantially
unorientated starting material is subjected to a small

25 stretch in a direction at right angles to the drawing



2 . .
orientation in the interconnecting strands extending generally at right

angles to the main strands and the ea of the md-points

of* the interconnecti.ng strands bein Imﬁmi[ﬁm;ﬂnglﬁv ni mum 20 g}@ :
cross-sectional area of the main stran hod of Claim1, wher

the starting material is substantially unorientated. 3. The nmethod of C aim
1. whérein a substantially unorientated starting material is subjected to a
small 25 stretch in a direction at right anﬁﬂdsrto t he draw ng di rection
of Claim1, prior to drawi ng the starting material as set forth in Caiml.
4. The nethod of any precedin aim after drawing the starting materi al

as set forth in C 4 ﬁ#§t19Re°ge§h35ms¥ruBEh?% tQ dFawing (he @vESdingn at
right angles to the drawing direction of, lajm1l. 5. The nethod of any of
the preceding O ai P2tefAdtepA BAE SPLFR| iR ﬁ%&%ﬂl%ﬂ has planar faces, apart
fromthe holes or depressions. 10 6. The nmethod of any of the precedlng

Cl ai ns, wherein. ignoring any nmenbrane form ng the base of a said

depression, all 20ges #he! REcAbAT bk "fnfmpretddif CRHET IR ARHng e

medi an pl ane of the starting nat
starting material as set forth in Claim 1., the mesh

5 structure is drawn in a direction at right angles to the

drawing direction of Claim 1.

5. The method of any of the preceding Claims. wherein
the starting material has planat faces, apart from the

holes or depressions.

10 6. The method of any of the preceding CIaims.'wherein.
ignoring any memb:ane.fo:ming the base df‘a said
depression, all zones of the starting material are
symmetrical about the median plane of the starting

material.

15 7. The method of any of the preceding Claims, wherein
the main zones are substantially wider than they are

8. The method of any of the preceding Claims, wherein
the main zones are generally rectangular in shape., as
20 seen in section normal to said drawing direction, being

substantially wider than they are thick.



15 The net hod of any of the preceding Clalngk,whererﬁ’FHE’/’//-zones are

su ntially wider than they are thick. 8. The neth the
pr ing Clainms, wherein the main, zones are ge r in ’
shape, as 20 seen in section normal to s, dra tﬁoﬁ belng

substantially wi der than they are thick. ,L 9. The nethod of any of the-.
preceding d ai s, mhereln the ratio of the width to thickness of the m¥n

zones is aboutes: IRl fiBifoa WE alle JEPHA s0cARNndf cFhdhl® dnblefn Wherein

the 5 ratio of t he mndt to thickness of 'the maln zones is a 20 1 or
more. 11. The ggéhpsh 0§ ey WilermPrecediieknekai 68, twBensin EBEeQ'iEh of
the main strands in the direction at right angles to said drawi ng direction
is less than adpoitt f§yve d momes the width of the main strand at its
narrowest part. 12. The nethod of any of Clains 1 to 10, wherein the.main
zones are at |east about 2.975 tinmes as wide as the distance between the
mai n zones. 13. The nmethod of any of Claims 1 to 10, wherein the 15 main
zones are at |tastTheumethagofhany ¢f £3aiRs di §pafecewWbereddnthfe numin

zones. 14 The nef hod. of an the precedi ng C ai ns erein
_ at{o of the J&dth to J%lc nessgof the ma¥ﬂ zones is

about 20:1 or more.

11. The method of any of the preceding Claims, wherein PN

R
the pitch of the main strands in the direction at right \(
angles to said ‘drawing direction is less thah about five

10 times the width of the main strand at its narrowest part.
12. The method of any of Claims 1 to 10, wherein the
main zones are at least about 2.975 times as wide as the
distance between the main zones.
13, The method of any of Claims 1 to 10, wherein the
15 main zones are at least four times as wide as the o/
' S

distance between the main zones.

14. The method of any of the preceding Claims, wherein
the starting material is drawn until the main zones have
decreased in width by at least 50%, as measured at the

20 narrowest parts of the main zones.

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



the starting material is drawn until the main zones have decr se
by at |east.50% as neasured at ‘the 20 narrowestlwlﬂllm I’@“Uﬁn zonm

15. The net hod .of any of the preceding O ai s or
depressions are on a notional rectangular nga 16. The nethod of any of
the preceding Cains, wherein, in nesh structure forned, there is

adj ackat each end S#18 JOLes 9T, ﬂF@F@&ﬁﬁ@Bﬁlﬁﬁes?Paﬁd“%Fiﬁﬁﬁ;cﬁeﬁﬁiﬂﬁq¥ﬁ§
material which is iéld:ker than the material of the remainder of the

i nterconnecting sttrand. 17. The nethod of C aim 16 when read as appendant
to any of Claims 1 to 9, wherein said thicker zones are at 10 | east about
1.32 times as thiek as the thickness of the m d-point of the

i nterconnecting sty@andhe hdthbacorehhgdoef tobapredéd h@rcrensk AssRRandant
to any of Clainms 1. to 9, wherein said thicker zones are at |east about 1.85
times as thick as imeHehimeshsistpactueke Eorméeé, neherstisnbjadeht Tdarhaindod
of any ‘of the preceding O ainms, wherein the thickness of the starting
material is aBout Gf Bagh dntessonnegtingesteandda otorgyobhifpl@stins 1 to 5,

wherein the 20 product, of the distance between the hol es, or depreSS|ons
material which is thicker than the material of

remainder of the interconnecting strand.

17. The'method of Claim 16 when read as appendant to any

\
(N .~ of Claims 1 to 9, wherein said thicker zones are at
10' least about 1.32 times as thick as the thickness of the
mid-point of the interconnecting strands.
18. The method of Claim 16 when read as appendant to ahy :
of Claims 1 to 9, wherein said thicker zones are at
least about 1.85 times as thick as the thinnest part of
15 -the main strands.
\ _ 19. The method of any of the preceding Claims, wherein

the thickness of the starting material is about 0.5 mm

or less.

20. The method of any of Claims 1 to 5, wherein the
20 product of the distance between the holes or depressions
of one line and those of the adjacent line and the

overall stretch ratio applied, divided by the



| ine and those of the ad] € overall stretch ratio

Ad, di vi ded by the wi dt h of the epressions as neasured in
t he rection at right angles to ﬁ‘u M Mikl ction, i.s.at |east about =+
10. 5. -21. The nmethod of any of thelk - ! «5, wherein 5 the main

strands and the interconnecting strands define substantially rectangul a«.
mesh openi ngs whose di nension parallel to the nmain strands is substantivd |y
greater than their dinension parallel to j nt erconnecting strands. 10
22. The nethod of any of the preceding O a~Nd, wherein in each said nesh
structure the main strands contain at |east 85% of said plastics materi al

of said mesh stgyath’ 8¢ €Re ROCefPbPOfepieddiond 4d Ui NG Wi NS,
wherein 15 the main strands have substantially uniformthickness. as seen

in section al ongitleerioncatr eijhtecanglds Tdesatd hixbwingrdi mdetdivn prigcedi ng
Clainms, and carried out on continuous nmachinery, said |lines of holes or
depressions bei ag 3ebstaabouk| ¥0abigned with the 20 machi ne direction. 25.
A mesh structure, conprising:

21. The method of any of the preceding Claims, wherein
5 the main strands and the interconnecting strands define
substantially rectangular mesh openings whose dimension
parallel to the main strands is substantially greater i;f
than their dimension parallel to the interconnecting -

strands.

10 22. The method of'any of the preceding Claims, wherein
in each said mesh structure the main strands contain at
leastlasi of said plastics material of said mesh

structure.

23. The method of any of the preceding Claims, wherein -
o : o )
15 the main strands have substantially uniform thickness, U

as seen in section along their centre lines.

24. The method of any of the preceding Claims. and
carried out on continuous machinery. said lines of holes
or depressions being substantially aligned with the

20 machine direction.

25. A mesh étructure. comprising:



substantlally paraIIeI conti nuous, stantlall uni |aIIy orientated /. -
maih strands whose orientation extends ‘ﬁ“ @EI formy fromend - 0’—’-@ '
end thereof and generally parallel’ the ““m“ nti nuous,

substangial | y uni axially-orientated, ercoﬂne&tlng st rands

I nt er cormecting the main strands, the I nt erconnecti ng strands extending
generally at right angles to the main strandﬁ?a a plurality of positions
spaced al ong the main strand; having 10 orierfation which is directed

generally parallel to_ the |nterconnect|ng strands, the cross-sectional area
of the interconnect SH§8SARSAAL1BPABAL LS { ORI BROYS o SULETAN G Yar ea of

| oo than the 15 w APRaXR EkaoRarhESrd BAES AT EdAdY rs?e@?fai%%én”%“"h

and widths are measygedpat wgseaa&mgg@eﬁézm (£ U SO Wir eot

strands and of the main stran respe ei ng a ] acent each

end of each |ntercoaagcbbagrngftﬁagglgegoasafgtgnegﬁdcs naterlal which is
thicker than the material of the remainder of the interconnecting strand.

26. The nesh structure of Caim?25, wherein.all parts are synmmetrical about
t he nedi an plane of the nesh '

5 discontinuous, substantially uniaxially-orientated,

interconnecting strands interconnecting the main

i strands, the interconnecting strands extending generally
at right angles to the main strands at a piurality of
positions spaced along the main strands having'

10 orientation.which is directed generally parallel to the
interconnecting strands, the cross-sectional area of the
interconnecting strands being less than the
cross-sectional area of the main strands and the width
of the intefconnecting sﬁrands being much less than the

15 widths of the main strands, which cross-sectional areas
and widths are measured at the narrowest par;s of the

\ ! .
\ ; ' interconnecting strands and of the main strands,

respectively:;

there being adjacent each end of each interconnecting
20 strand a zone of élastics material which is thicker than
the material of the remainder of the interconnecting

strand.

26. The mesh structure of Claim 25, wherein all parts

are symmetrical about the median plane of the mesh



31 one _nesh structure |ayer extend generally at right angles to the main
stran f the other nmesh structure t hod of C ai m 36,

wher gi oth of the mesh 5  struct unmﬂ[algllmlmﬂuwu ai ned in any of

d ai 5to 30 and 33 to 35. 38. A nethod of #pré&duti ng a | am nate,
conprising bonding the nesh structure of any of Clains 25 to 30 and 33 L%S
35 to a layer of filmmaterial. 10 39. A netjﬁg of producing a | am nate,
substantially as herein described. 40. A |l antfiate conprising at |east two
mesh structure |ayers each of which is integral and has nmesh openings
fornmed between reSpechesl STEUCERERalaYeparRFeRd deameralbhtak dLIRE n

strands which are interconnected by interconnecting strands and at | east
one of which IayeF§9#§3a§°cFQFWBG‘KnSEH?nﬁ?'Qfafm% QENRL, BRRFN, RELUCYYF &5
the two nesh struiture | ayers being bonded to form or formpart of, the

| am nate with the ﬁgﬁﬁ'strands of one 20 nesh Structure |ayer generally at
right angles to the main strands of the other nmesh structure |layer. 41. The
| am nate of Claim40. wherein both nesh

37. The method of Claim 36, wherein both of the mesh

5 structure layers are as claimed in any of Claims 25 to

30 and 33 to 35.

ol

- ;o

38. A method of producing a laminate. comprising bonding _/
the mesh structure of any of Claims 25 to 30 and 33 to

35 to a layer of film material.

10 39. A method of producing a laminate, substantially as

herein'described.

40. A laminate comprising at least two mesh structure
layers each of which is integral and has mesh openings
formed between respective substantially paralilel. :’;
15 orientated main stfands which are interconnected by
intercohnecting strands and at least one of which layers
is as claiméd-in ahy of Claims 25 to 30 and 33 to 35,
3the two mesh structure layers being bonded to form, or
form part of, the iaminate with the main strands of one
20 mesh structure layer generally at right angles to the

main strands of the other mesh structure layer.

41. The laminate of Claim 40, wherein both mesh

[



Y

structure layers are as clained in anﬁ of Clainms 25 to-30 and 33 to 35. 42.

A | anmi nat e .produced by the nethod of lI m‘u\’nﬂum 36 to 38. 5 43. A
lkam nate substantjally ‘as herein des ence to. and as sh
in. any of Figures 8 to 14 of the acconpanylng drfawi ngs. : <i§?§a

& -

structure layers are as claimed in any of Claims 25 to

" 30 and 33 to 35.

42. A laminate produced by the method of any emwe of

Claims 36 to 38.

5 a43. A laminate substantially as herein described with

reference to, and as shown in, any of Figures 8 to 14 of

(N the accompanying drawings.




