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TITLE
TIRE CONTAINING NOISE REDUCING FIBROUS LAYERS

BACKGROUND

1. Fleld of the Invention
This invention pertains to a load bearing or a non-load bearing

noise-reducing fibrous overlay layer suitable for use in vehicle tires. The

tires may be used in, for example, automobiles.

SUMMARY OF THE INVENTION

This invention pertains {0 a pneumatic tire comprising an overlay

wherein,

(i) the overlay is positioned above the bell plies but beneath the
tread, and

{il) at least one overlay end is folded and extends inwards toward
the center line of the tire.

The invention aiso pertains to a method of forming a folded overlay.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 shows a croas-section of a vehicle tire as known in the art.

Figure 2 shows a cross-section of a vehicle tire showing a folded
overlay.

Figures 3A to 3C show alternative configurations of folded overlay
plies.

Figure 4A shows a sectional view of a folded overlay embedded
among pieces of elastomer prior 1o vulcanization.

Figures 48 and 4C depict the cord orientation direction in the folded
overlay of Figure 4A.

Figure 40 shows a seclional view of a folded overlay and elastomer

after vulcanization.
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DETAILED DESCRIPTION

Tire Components

Shown generally at 10 in Fig. 1 is a cross-section of a tire
comprising two principal sections, a sidewall section 11 and a crown
section 12. A tire sidewall is the area between the tire bead and the tread.
"Crown” means that portion of the tire within the width fimits of the tire
tread. An inner liner 20 is a thin layer of rubber on the inside of the tire to
contain the compressed air when the tire is inflated. Beads 13 are located
where the tire sits on the rim. Bead means that part of the tire comprising
an annular tensile member wrapped by ply cords and shaped, with or
without other reinforcement elements such as flippers, chippers, apexes,
toe guards, and chafers, to fit the wheel rim. Some tires comprise a
piurality of beads. Carcass cords 14 provide load bearing capabilities to

the tire. Carcass means the overall tire structure that the belt structure,

o Y
QY SYPa] 8
S AASETINTIRRS @ LIRS

y plies. The carcass
cords are anchored by wrapping them around the bead wires 13. The
inner liner 20 is adhered to the inside of the carcass . A belt 18 is a narrow
layer of tire cord material above the carcass in the crown of the tire. Most
tires comprise at least two belts. In truck tires, belts are sometimes called
breakers. An overlay 21 i3 a layer or layers positioned above the belis 18
but below the tread 19, Also shown in Fig. 1 are wheel rims 15. The rims
have flanges 16. "Tread” means that portion of a tire that comes inlo
contact with the road when the tire is normally inflated and under normal

load. The sidewall rubber layer is shown at 17.

Folded Overlay

Figure 2 shows an overlay 21 of this invention positioned above the
plurality of beilt plies 18 but beneath the tread 18. An end, and preferably
both ends of the overlay are folded 1o extend back inwards foward the
center line of the tire 22. Figures 3A to 3C show some alternative
arrangements with respect o the folding of the ends of the overlay fold. In
Figure 3A, both ends are folded back above the main length of the

~
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overlay. In Figure 3B, one end is folded back below the main length of the
overlay and the other is folded back shove the main length of the overlay.
in Figure 3C both ends are folded below the main length of the overlay.
Figures 3A and 3C show a splif ply whereas Figure 3B shows a
continuous ply. In embodiments where there are a plurality of folded
overiay plies, combinations of folds other than those described herein may
also be utilized.

Yarns of the Component Plies

in some embodiments, the carcass ply, belt ply, fioater, flipper,
chipper, and overlay layers comprise polymeric varns. The yarms comprise
a plurglity of continuous filaments. In some other embodiments steel may
be used in the carcass or as bell plies.  For purposes herein, the term
"flament” is defined as a relatively flexible, macroscopically homogeneous
body having a high ratio of length to width across its cross-sectional area
perpendicular to its length. The filament cross-section can be any shape,
but is typically circular, oval, or bean-shaped. The filaments may be
formed into a varn comprising a plurality of filaments. Multifilament yarn
spun onio a bobbin in a package contains a plurality of continuous
filaments. Load bearing layers comprise continuous filaments. However
for non-load bearing layers such as a floater, staple fiber may be used as
an alternative to continuous filaments. Hybrid fiber such as a sheath-core
fiber may also be used in the floater component. Hybrid yarns also take
the form of plied or merged yarn in which filaments of different polymer or
of different denier are twisied together. A core insertion hybrid yam is one
in which a yvam of one type is surrounded by vams of a different type. The
multifilament yarn can be cut into staple fibers The staple fiber can have a
length of about 0.4 inches o about 5 inches (about 1.0 cm to about 12.7
cmj or even of about 1.5 inches (3.8 cm) to 2.5 inches (6.3 cm). The
staple fiber can be straight {i.e., non crimped} or crimped 10 have a saw
tooth shaped crimp along its length, with a crimp {or repeating bend)
frequency of about 3.5 to about 18 crimps per inch {about 1.4 to about 7.1
crimps per cmj.

The yarns have a tenacity of at least 7.3 grams per diex and a
3
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modulus of at least 100 grams per dtex. Preferably, the yams have a
linear density of 50 to 4500 diex, a tenacity of 10 to 65 g/dtex, a modulus
of 150 to 2700 g/dtex, and an elongation (o break of 1 to 8 percent. More
preferably, the yarns have a linear density of 100 o 3500 dtex, a tenacity
of 15 to 50 g/dtex, a modulus of 200 to 2200 g/dtex, and an elongation {o
break of 1.5 to 5 percent.

The yarns can be intertwined and/or twisted. The yamns are formed
into a cord or a fabric. A tire cord is a twisted or formed struciure
composed of two or more varns or filamentary strands. Cords are well
known in the tire construction industry. A cord may comprise ong or more
filaments or yarns. When a cord comprises a plurality of filaments or
yarnsg, then they may be inlertwined (helically wound) with each other. In
some embodiments, the filaments or yamns are intertwined at a helical
angle of from about four to forly degrees. The filament sor yams within a
load bearing laver are oriented substantiaily in the same direclion. In some
layers, a light yam may be oriented in a direction such as orthogonal (o the
main yarn direction in order to provide some stability to the laver of Tibers.
A non-load bearing layer may also be in the form of a woven or knitted
fabric. A "knitted” fabric is a fabric produced by interlooping one or mare
ends of yarn. The term "woven” is meant herein {0 be any biaxial fabric
that can be made by weaving; that is, by interlacing or interweaving at
least two yamns typically at right angles.

The yarns comprise filaments that are either naturally flame
retardant or rendered flame relardant by the addition of flame retardant
additives. For synthetic fibers, such additives are typically added into the
polymer prior to spinning. For nalural fibers, the addilives are coated onio
the fiber surface. A fiber is generally deemed o be naturally flame
retardant if it has a Limiting Oxygen Index {LOI} of 26 or greater without
the addition of any flame retardant chemicals. LO! is the minimum oxygen
concentration that will just support flaming combustion in a flowing mixture
of oxygen and nitrogen and is measured by techniques such as specified
in ASTM D2883. Naturally flame retardant fibers include anisotropic melt
polyesters, poly(butylene terephthalate), poly(acrylonitrile butadiene

styrene}, polyvinylchloride, polysulfone, poly{ether-ether-ketone),

A
4
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poly{ether-ketone-kelone), polyethersulfone, polyarylate,
polyphenyisuifone, polyetherimide, polyamide-imide, aromatic polyamide,
flame retardant nylon, flame retardant polyester, flame retardant
polyolefins and mixtures thereof. in some embodiments of this invention,
flame retardant is added o the polymer in the amount of about 10 o 15
percent by weight of the polymer o achieve the desired LOL
In some embodiments, the carcass plies comprise yams made from
aromatic polyamide, aromatic copolyamide, aliphatic polyamide, polyester,
rayon, nylon, polyethylene or combinations thereof. In some embodiments,
the belt plies comprise yarns made from aromatic polyamide, aromatic
copolyamide, aliphatic polvamide, polyester, rayon, nvion, polysthylene,
fiberglass, carbon, steel or combinations thereot. In some embaodiments,
the overlay comprises varns made from nylon, aramid or combinations
thereof. In some embodiments, the floater layer comprises yarmns made of
aromatic polyamide, aromatic copolyamide, aliphatic polyamide,
anisotropic melt polyester, ultra high molecular weight polyethylene or
polybenzoxazole. Meta-aramid or para-aramid are preferred aromatic
polyamides. Flame retardants may optionally be added o the polymers of
the floater layer yarns to render further flame resistance.

in one embodiment aromatic polyamide is a preferred fiber
polymer. Preferred aromatic polyamides are meta-aramid {m-aramid} and
para-aramid {p-aramid}.

The term "aramid” means a polyamide wherein at least 85% of the
amide (-CONH-} linkages are attached directly to two aromaltic rings.
Suitable aramid fibers are described in Man-Made Fibres - Sclence and
Technology, Volume 2, Section titled Fibre-Forming Aromatic Polyamides,
page 297, W. Black et al., Interscience Publishers, 1968, Aramid fibers
and their production are, also, disclosed in UL.S. Patents 3,767 ,756;
4,172,838; 3,868,429, 3,869,430; 3,818,587, 3,673,143, 3,354,127; and
3,084,511,

The preferred para-aramid is poly{p-phenylene terephthalamide)
which is called PPD-T. By PPD-T is meant the homaopaolymer resulling
from mole-for-mole polymerization of p-phenyiene diamine and

terephthaloyl chioride and, also, copolymers resulting from incorporation of
5
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small amounis of other diaminas with the p-phenylene diaming and of
smail amounts of other diacid chiorides with the terephthaloy! chioride. As
a general rule, other diamines and other diacid chiorides can be used in
amounts up to as much as about 10 mole percent of the p-phenylene
diaming or the terephthaloyl chioride, or perhaps slightly higher, provided
only that the other diamines and diacid chilorides have no reactive groups
which interfere with the polymerization reaction. PPD-T, also, means
copolymers resulting from incorporation of other aromatic diamines and
other aromatic diacid chiorides such as, for example, 2,6-naphthaloyl
chioride or chioroe- or dichioroterephthaloyt chioride or 3,4'-
diaminodiphenylether.

Additives can be used with the aramid and it has been found that
up to as much as 10 percent or more, by weight, of other polymeric
material can be blended with the aramid. Copolymers can be used having
as much as 10 percent or more of other diamine substifuled for the
diamine of the aramid or as much as 10 percent or more of other diacid
chloride substituted for the diacid chloride or the aramid.

Methods for making para-aramid fibers are generally disclosed in,
for example, US Patent Nos. 3,869,430; 3,868,429; and 3,767,756, Such
aromatic polvamide organic fibers and various forms of these fibers are
available from E. |. du Pont de Nemours & Company, Wiimingion, DE
{DuPont) under the iradename Keviar® fibers and from Teijin Ltd. of
Tokyo, Japan under the tradename Twaron® fibers. Technora® fiber, also
available from Teijin is made from copoly{p-phenyiene/3,4’dipheny! ester
terephthalamide) and may also be considerad a para-aramid fiber,

For non-ioad bearing layers, meata—aramid fiber may also be used.
Meta-aramid fiber means meta-oriented synthetic aromatic polyamide
polymers. The polymers can include polyamide homopolymers,
copolymers, and midures thereof which are predominantly aromatic,
wherein at least 85% of the amide (-CONH-) linkages are attached directly
to two aromatic rings. The rings can be unsubstituted or substituied. The
polymers are meta-asramid when the two rings or radicals are meta
oriented with respect to each other along the molecular chain. Preferably

copolymers have no more than 10 percent of other diamines substituted
6
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for a primary diamine used in forming the polymer or no mare than 10
percent of other diacid chiorides substituted for a primary diacid chioride
used in forming the polymer. Additives can be used with the aramid; and it
has been found that up to as much as 13 percent by weight of other
polymeric material can be blended or bonded with the aramid.

The preferred meta-aramids are poly{meta-phenylene
isophthalamide} (MPD-1) and its copolymers. One such meta-aramid fiber
is Nomex® aramid fiber available from DuPont, however, meta-aramid
fibers are available in various styles under the trademarks Conex®,
available from Teijin Ltd. of Tokyo, Japan; Apyeil®, available from Unitika,
Lid. of Osaka, Japan; New Star® meta-aramid, available from Yantai
Spandex Co. Lid, of Shandong Province, China; and Chinfunex® Aramid
1313 available from Guangdong Charming Chemical Co. Lid,, of Xinhui in
Guangdong, China. Mela-aramid fibers are inherently flame resistant and
can be spun by dry or wet spinning using any number of processes;
however, LLS. Patent Nos. 3,063,066, 3,227,793, 3,287,324, 3,414,645
and 5,667,743 are illustrative of useful methods for making aramid fibers
that could be used.

Another suilable fiber is one based on aromatic copolyamide such
as is prepared by reaction of terephthaloyl chloride (TPA) with a 50/50
mole ratio of p-phenylene diamine (PPD) and 3, 4'-diaminodiphenyl! ether
{(DPE). Yet another suitable fiber is that formed by polycondensation
reaction of two diamines, p-pheanviene diamine and 5-amino-2-{p-
aminophenyl) benzimidazole with terephthalic acid or anhydrides or acid

chioride derivatives of these monomers.

By nyvlon it is meant fibers made from aliphatic polyamide polymers.
Such polymers include polyhexamethylene adipamide {(nylon 66},
polycaprolactam {nvion 6}, polybutyrolactam {nylon 4}, polv(8-
aminononanocic acid) (nylon 9), polyenantholactam {nylon 7},
polycapryllactam {nylon 8}, polyhexamethylene sebacamide (nylon ¢, 10},
and the like. It is known that the fire retardancy of some nylon
compositions may be enhanced by the incorporation therein of various
chiorinated organic fire retardants, often in combination with a suitable

~
!
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metal oxide, such as a zinc, iron or antimony oxide. A particularly effective
fire retardant for Nylon 6 and Nylon 66 is
bis{hexachlorocyclopentadienocyclooctane. The incorporation of
bis{hexachlorocyclopentadieno)cyclooctane, optionally in combination with
a suitable metal oxide, in nylon compositions, is disclosed in United States
Patent No. 3,403,036 to Hindersinn et al. I is known that such nyion
compositions are characterized by excellent fire refardant properties and
are generally satisfactory to excellent with respect to maost of the desired
physical properties sought in nylon compositions.

in one embodiment, a preferred polyester is polyethylene
naphthalate (PEN}. In some other embodiments, a preferred flame
retardant polyester polymer is flame retardant polyethylene tergphthalaie
{(FR PET) or flame retardant polysthylene naphthalate (FR PEN). These
polymers may include a varigty of comonomers, including disthylene
glycol, cyclohexanedimethanol, poly{ethylene glycol), glutaric acid, azelaic
acid, sebacic acid, isophthalic acid, and the like. In addition {0 these
comanomers, branching agents like trimesic acid, pyromellitic acid,
trimethylolpropane and trimethylolcethane, and pentaerythritol may be
used. The FR PET may be obtained by known polymerization techniques
from either terephthalic acid or its lower alkyl esters {e.g. dimethyi
terephthalate) and ethylene glycol or blends or mixiures of these., FR PEN
may be obtained by known polymerization technigues from 2,6—
naphthalene dicarboxylic acid and ethylene glycol. Represeniative types
of FR additives include such things as 8% octa-bromo diphenyl and 4%
antiomony trioxide.

in other embaodiments, the preferred polyesters used are liquid
crystalline polyesters that are naturally flame retardant. By a “liquid
crystaliine polyester” (LCP) herein is meant a polyester polymer that is
anisotropic when tested using the TOT test or any reasonable variation
thereof, as described in U.S. Patent 4,118,372, which is hereby included
by reference. One preferred form of LOP is "all aromatic”, that is all of the
groups in the polymer main chain are aromatic (except for the linking
groups such as ester groups), bul side groups that are not aromatic may

be present. LCP useful as thermoplastic material in this invention has
B
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melting peint up to 350°C. Melting points are measured per test method
ASTM D3418. Melting points are taken as the maximum of the melling
endotherm, and are measured on the second heat at a heating rate of
10°C/min. If more than one melting point is present the melting point of
the polymer is taken as the highest of the melting poinis. A preferred LOP
for this invention include corresponding grades of Zenite® available from

DuPont and Vectra® LCP available from Ticona Co.

Method of Making a Folded Overlay Ply

in the following paragraph, numbers referenced as (40} to (50)
pertain to Figure 4A.

A method of forming a folded overlay ply in a tire assembly
comprises the steps of:

(i} providing a tire sub-assembily comprising two beads, at least one
carcass ply wrapped around each bead and at ieast one beli ply
positioned on {op of the carcass ply,

(i} placing a first rubber sheet (40} on top of the upper belt ply,

{ili) positioning an overiay cord on top of the first rubber sheet a
predetermined distance (50a) from the first end {47} of the region o be
covered by the overlay,

{iv} wrapping the overlay cord at the desired angle, orientation and
deposition rate while fraversing the cord towards the first end of the region
to be covered by the overlay so as o form the base of the first fold (41} of
the overlay, as shown in Figure 4B af the left,

(v} placing a second rubber sheet (42} on top of the deposited
overlay cord section {41} formed in step {iv),

{vi} wrapping the overlay cord at the desired angle shown in Figure
4C and deposition rate in an orientation opposite (o that of the orieniation
of the cord in the base of the first fold while traversing the cord towards the
second end {48) of the region to be covered by the overlay se as to
complete the first fold an form the base (44} of the second fold,

{vii} placing a third rubber sheet (46} on top of the deposited overlay
cord section 44 formed in step {(vi),

{viil) wrapping the overlay cord at the desired angle and deposition
9
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rate in an orientation similar o that of the orientation of the cord in the
base of the first fold {41) while traversing the cord a predetermined
distance (50b) towards the first end {47} of the region to be coverad by the
overlay so as to complete the second fold {45}, as shown in Figure 4B at
the right, and

{ix} placing a fourth rubber sheet (49) on top of the deposited
overlay cord section (45} formed in step {viii).

By upper beil ply is meant the belt ply that is closest to the tread of
the tire.

Cord deposition rate is sometimes referred to as cord wrap rate or
lay-down rate.

The gaps between the four distinct rubber components prior o
vulcanization of the folded ply-rubber assembly can be seen in Figure 4A.
During vucanization, the rubber flows to fill the gaps between the rubber
components resulting in a single piece of rubber structure as is seen in
Figure 4D,

Noise Reduction

A tire comprising an overlay having plies that are folded as
described above and in Figures 2 and 3A — 3C will emit less noise when
comparead {0 a lire comprising an overlay of the current art as shown in
Figure 1. A method of reducing noise in a tire is, therefore, one of
providing a tire with at least ong overlay in which the ends of the overlay
are folded back.

it is believed that other benefits such as improved tire durability and

reduced heat build up may also accrue with this invention.

EXAMPLES
Examples prepared according to the current invention are indicated
by numerical values. Control or Comparative Examples are indicated by
letters.
This invention was evaluaied by producing a subscale specimen of
a tire having a tire overlay comprising a folded ply as claimed and

comparing it with a similar structure in which a conventional non-iolded
16
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overlay ply is used. A method and specimen for evalualing tire noise has
been described in United States Patent application number 81/ 821758 to
Lamontia ef al filed May 10, 2013 {(hereafter Test Method A} and is
applicable Tor this evaiuation.

The subscale spacimens are cylindrical laminates (hereafter,
cylinders). The cyiinder has an internal diameter of 133 mm, a length of
229 mm and a thickness of 5.5 mm. There was also a 101 mm long tread
band region {(crown} in the center of the cylinder. The tire compoeneanis
represented in the cvlinder were beads, an inner natural rubber liner, one
carcass laver ply, two belt plies and an overlay ply. The components were
assembled over a cylindrical tool on a lathe. The belt plies comprised
conventional steel merge cords obtained from Bekaert, Akron, OH, each of
merge cords comprising two cords of 3 mm diameter twisted together. The
merge cords were deposited in the belt ply at a rate of 16 ends per inch
and then encased in a natural rubber compound.

The cords of the overlay ply were merge cords comprising one ply
of 1100 dtex (1000 denier) Keviar® 20 and one ply of 1400 diex (1270
denier) nylon 6,6. The two plies were twisted together at a 6.5 twist
multiplier . The overlay ply cords were used in the inventive and
comparative examples.

The carcass comprised 80 plies of 1500 denier polyester cords
having a twist multiplier of 3.1. The cords were [gid down at a rate of 28
ends per inch.

Cyvlinder Fabrication

1- A 0.05 mm thick inner liner of natural rubber was laid on the
cylindrical ool on a lathe.

2- Carcass plies were placed on top of the inner liner.

3- Two cord beads each made from Keviar® 28 yam o form a
1500/4/5 structure were placed over the carcass layer about 0.5
inches from the end. The remaining rubber laminate outside of the
bead was then folded up to cover the beads, just as in a real tire

fabrication.
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4- The belts were applied at a bias angle of 23 degrees on top of the
carcass layer. The bell layer width was narrower than the cylinder
o correctly represent the crown area width. Non-folded belis were
used with the folded overfays. The overlay layer was fabricated on
top of the belt plies as further described below.

5- Atread compound was applied on top of the overlay.

6- Cap iayers made of rubber were applied between each layer.

All cords comprising Keviar® filaments were treated with a resorcinol-

formaidehyde latex (RFL) prior {0 assembly.

Example 1
The overlay layer was prepared in the following manner. All the

natural rubber sheets were 0.05 mm thick. Referring to Fig. 4lA, a first
sheet of natural rubber (100) was placed around the circumference of the
cylindrical tool on top of the steel belt plies. The first belt ply was
positioned such that the cords were aligned at an angle of {+} 23 degress.
The second belt ply was positioned such that the cords were aligned at an
angle of (-} 23 degrees.

An overlay cord was positioned 12.5 mm in from the left hand end
of the belt and spirally wrapped at a wrap rate of 16 cords perinch in a
circumferential direction around the bell towards the first end (47} of the
assembly thus forming the base of a first fold {(41}. The spiral wrap
orientation was in a minus direction {-) as shown by arrows in Fig. 4B. A
second sheet of natural rubber (102} was placed over the base of the first
fold (41}, The cord was then spirally wrapped (43) al a wrap rate of 16
cords per inch over the belt ply iowards the other end of the belt thus
covering the full width of the bell ply. The spiral wrap orientation was in a
pius direction {+) as shown by arrows in Fig. 4C. A third sheet of natural
rubber (44} 12.5 mm wide was placed on {op of cords {43} at the second
end (48} of the assembly. The overlay cord was then traversed back and
spirally wrapped at & wrap rate of 16 cords per inch for 12.5 mm over
sheet {44} to form a second fold {45). A fourth sheet of natural rubber (406}

12
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was placed on top of cords {(43) and (45). The finished structure was then
covered tightly with several wraps of Nylon fabric.

The layup and tool was removed from the lathe and the assembly
cured at 160 degrees C in a steam vessel for 20 minutes after which time
the cylinder was remaoved and tested for noise containment as per Test
Method A.

Example 2
This example was prepared as per Example 1 except that the

overlay folds 101 and 105 were 37.5 mm wide.

Comparative Example A

This example was prepared as per Exampile 1 except that the
overlay cords were not folded back as in 101 and 105, Noise evaluation
was also carried out as per Test Method A

The noise evaluation resulls are summarized in Table 1. The MF
range is the determined noise, in dB, at a mid-frequency of 500 - 1000 Hz.
The HF range is the determined noise at a high-frequency of 1000 — 2000
Hz.

Table 1
Example Reference MF Range (db) HF Range {db)
Comparative Example A 122.7 120.4
Exampie 1 120.7 1184
Example 2 1213 1185

Noise reductions of betweaen 1 and 2 decibels were observed for both
samples comprising folded ply overlays. A 1 db reduction is considered {0
be attractive in the automobile industry.
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CLAIMS

1. . A pneumatic tire comprising an overlay wherein,

(i} the overlay is positioned above the bell plies but beneath the
tread, and

(ii) at least one overlay end is folded and extends inwards toward

the center line of the tire.

2. The overlay of claim 1 comprising yarns made from nylon, aromatic

polyamide, aromatic copolyamide or combinations thereof.

3. The overlay of claim 2 wherein the aromatic polyamide is para-
aramid.
4. A method of forming a folded overlay ply in a tire assembly

comprising the steps of:

{i} providing a tire sub-assembly comprising two beads, at least one
carcass ply wrapped around each bead and al least one bell ply
positioned on {op of the carcass ply,

(it} placing a first rubber sheeat on top of the upper belt ply,

{ili} positioning an overlay cord on top of the first rubber sheef a
predetermined distance in from the first end of the region to be covered by
the overlay,

{iv} wrapping the overlay cord at the desired angle, orientation and
deposition rate while traversing the cord towards the first end of the region
{0 be covered by the overlay so as {0 form the base of the first fold in the
overlay,

{v} placing a second rubber sheet on top of the deposited overlay
cord section formed in step (iv),

{vi} wrapping the overlay cord at the desired angle and deposition
rate in an orientation opposite {o that of the orientation of the cord in the
base of the first fold while traversing the cord towards the second end of

the region to be covered by the overlay so as to complete the first fold an
14
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form the base of the second fold,

{vii} placing a third rubber sheet on top of the deposited overlay
cord section formed in step (vi},

{viity wrapping the overlay cord at the desired angle and deposition

s rate in an orientation similar o that of the orientation of the cord in the

base of the first fold while fraversing the cord a predetermined distance
towards the first end of the region {0 be covered by the overlay so as {o
complete the second fold, and

{ix} placing a fourth rubber sheet on top of the deposited overlay

10 cord section formed in step (viit}.

15

15
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