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INDUSTRIAL FABRICS COMPRISING INFINITY SHAPE COILS

FEIELD OF THE INVENTION

Ly

The present invention relates fo industrial fabrics. More specifically, the present
invention relates to industrial fabrics/belts assembled from spiral elements or infinity

shaped coil elements and formed mto 4 continuons or endiess loop.

10 INCORPORATION BY REFERENCE
All patents, patent applications, documents and/or references referved to herein

are incorporated by reference, and may be cmployed in the practice of the invention.

BACKGROUND OF THE INVENTION

15 Industrial fabrics means endless struchuwres in the form of a continuous loop, and
used generally in the manner of conveyor belts. As used throughont this disclosure,
“industrial fabrics” refers to fabrics configured for modern papermaking machines, and
engineered fabrics, which may be used in the production of nonwovens. Modem
papermaking machines employ endless fabrics/belis configured for use in the forming,

20 pressing, and drying sections, as well as process belts such as shoe press or transfer belis,
which may also be used in sections of the modern papermaking processes, such as wn the
pressing section.  Engineered fabrics specifically refers to fabrics/belts used outside of
papermaking, including use on preparation machinery for paper mills (i.e., pulp), or in the
production of nonwovens, or fabrics used in the corrugated box board industries, food

S production facilities, tanneries, and in the building products and textile industries. (See,

o

216 Asrport Drive, Rochester, NH 03867, dated May 27, 2010.)
In the formation of industrial fabrics, the base structure or a component thereof
may take a number of different forms. For example, the fabric may be woven endless or

flat woven, and subsequently rendered into an endless form with a seam. Industrial
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fabrics, as endless loops, have a specific length, measured circumferentially thevearound,
and a specific width, measured transversely thereacross. In many applications, industrial
fabrics must maintain a uniform thickness, or caliper, to prevent, for example, premature
wear in areas where a localized thickness is greater than in the immediate surrounding
area, or objectionable marking of a manufactured good carried thereon or contacted
thereby.

Industrial fabrics used in moders papermaking machines and in the production of
nonwovens may have a width from about 5 feet to over 33 feet, a length from about 40
feet to over 400 {eet, and weigh from approximately 100 pounds to over 3,000 pounds,
for example.

Because of their size and weight, and the configuration of the industrial machines
on which they are used, in many applications it i often convenient to install industrial
fabrics on the appropriate machine as a flat article having lengthwise and widthwise
edges, and joining the widthwise edges with a scam, for example, to form a continuous
belt, When installed flat and formed into a continuous foop structure on an industrial

machine, such industrial fabrics may be known as on-roachine-seamable fabrics.

Seams, however, have presented problems in the function and vse of on-machine-
seamable fabrics in that they may have a thickness, or caliper, that is different from that
of the industrial fabric edges the seam is joining. Variations in thickness between the
seam and the fabrie edges can fead to marking of the product carried on the fabric. Seam
fatlure may also result if the scam area has a greater thickness than the fabric edges as the
seam s exposed to machine components and resulting abrasion or friction,

To facilitate seaming, many fabrics for indastrial use have seaming loops formed
o1t two opposite edges of the fabric to be joined. For example, seaming loops themselves
may be formed from the warp vams of a flat woven fabric. Scaming loops can be formed
by removing weft yarns at the ends of the fabric 1o fee end portions of WArp varms,

Loops are formed by reintroducing {re-weaving) the free end portions of the warp yarns

A seam is formed by bringing the two ends of the fabric together, by

interdigitating and alternating the seamiug loops at the two ends of the fabric to align the
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openings in the toops to form a single passage, and by directing a pin. ot pintle, through

the passage 1o lock the two ends of the fabric together.
! g g

Alternatively, in one of the carliest uses of spiral link coils, a seaming spiral may
be attached to the seaming loops at each of the two ends of an industrial fabric. An
example of this method is shown in U.S. Patent No. 4,896,702 to Crook in which &
multilaver industrial fabric is formed. As shown, a tubular base fabric is formed,
flattened to form edges at the lengthwise extremities of the {abric, and cross machine
direction {“CED”) varmns in the area of the edges are reraoved. A spiral cotl is attached to
the scaming loops of the industrial fabric. Alternately, the seaming spirals may be
connected to the secaming loops by at least one conunecting yarn, The coils of the spirals
at the two ends of the industrial fabric may again then be interdigitated and joined to one

another on the machine with a pintle {0 form a seam usually referred to as g spirval seam,

Regardiess of how the seam is formed, the construction of the scam differs from
that of the rest of the fabric, Uniformity in characteristics such as permeability to air or
water, thickness or caliper, and density, among others, 1s desirable in industrial belts, In
known on-machine-seamable tabrics, construction of the seam area ¢ different than the
construction of the rest of the fabrie. Because uniform physical characteristics across the
lfength and width of the industrial fabric are usually preferred, and may be required, a
seam is a critical part of a seamed fabric. If the seam itself is not strncturally and
functionally nearly identical to the rest of the industrial fabric, modification of the seam
area may be necessary to obtain characteristics sufficiently similar to the main portion of

the industrial fabric for the intended application.

One well known fabric, which has a body similar to the seam 1s the spival link belt
tisclosed in U.S, Patent No. 4,839,213 to Gauthier, for example. The ‘213 patent
discloses a conveyor belt made of spirals assembled together by inserting rods into
channels formed by interdigitating adjacent spirals. The belt includes a Qat or other
shaped member (known as “stuffer™) which is inserted inside the spivals so as to
corapletely or partially fill the spaces inside the spivals. There are certain drawbacks of
using such a belt, however. For example, the beit has a relatively stiff body due to the

use of stuffers within the spirals to achieve the desired lower aiv permeability. Also
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additional expense, a separate process step to insert the stuffers, and additional mass are
drawbacks. The spiral link coils, when made full width, can sometimes fail at one
location and “unzip” across the CD when the belt is running on the machine, which can

result in belt fatlure and significant damage to the paper wachine components,

Ly

Another example of an industrial fabric is disclosed in U.S. Patent No. 6,918,998
to Hansen, which relates to a fabric manufactured from preformed rings. The rings in the
‘998 patent are connected with MD or CD) yams, pintles or wires to form a flat fabric,
whose ends are joined to one another to form a continuous loop, The rings disclosed in
this patent are preferably manufactured from rigid materials, which make them relatively
10 stiff and incompressible,

Therefore, a need exists for industrial fabrics, for example on-machine-seamable
{abrics, which are easy to manufacture and have uniform characteristics throughout the

length and width of the fabric.

SUMMARY QF THE INVENTION

Accordingly, one embodimnent of the present invention is an on-rnachine seamable

At
(P

fabric/belt made from a plurality of spiral elements joined together to provide uniform

characteristics across the length and width of the belt.

One embodiment of the present invention provides spiral elements which way be
20 attached to each other to form an industrial fabric/belt. Also provided is an endless
structure formed from a plurality of spiral elements according to this invention and a
method of making an endless industeial fabric/belt with the presently disclosed spiral
elements, which can be on-machine seamable.
According to aspeets of this invention, the spiral elements for use in forming the

industrial fabric/belt are shaped ag an “infinity co1l.” so named becauss an axial view of
{ 3 s

b3
L5

the coil resembles an infinity symbol, commonly, a {figare-eight shaped curve, or
mathematically a lemniscate. As such, each element has two loops, and the first loop of
one element interdigitates with the second loop of the adjacent element to accept a pintle,

or pin throngh a passage formed by the interdigitated loops. A plurality of these spiral

36 eclervents are interdigitated and joined together until the required fabric length is formed.
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As used in this application, an infinity coil is a shaped coil of waterial which can,

for example, be a monofilament, twisted multifilament, coated or uncoated, or coated or

ancoated metal wire, comprising two loops formed by the materig! passing alternately
over and under & pair of parallel linear coplanar support members and crossing in the
space between the support members. The support members may be, for example, a
double mandrel or a spiral link-type forming apparatus. The loops may be substantially
the same size and shape, although differing sizes and shapes are anticipated for certain
applications. In forming an infinity coil, a double mandrel is provided comprising two
adjacent support members, generally parallel and coplanar to each other, and spaced apart
from cach other with a center-to-center spacing proportional to the desived center-to-
center distance of the loops of the infinity coil. A material, for example, a polvester
monofilament, passes over a first mandrel, passes through the space between the two
mandrels, passing below and then around and over the top of the second mandrel, back
through the space between the mandrels and ander the first mandrel. Thus, in a complete

i

turn, the material used to form an infimty coil traces the basic curved shape of a
'iemniscaie, or figure~eight, or infinity symbel. Subsequent infinity coils turns are formed
u the same way, offset axially from the previous infinity coil tuwrn. Coil turns can be
added until the desired number of coils is formed or the desired axial length, which may
be proportional to the number of coils, results.
Other methods may be used to form the infinity coil as will be apparent from the

i

following disclosure. One embodiment of the present invention is an industrial fabric
including a plurality of infinity coils having a CD length equivalent to the fabric width,
the coils arranged such that one of first and second loops of a first infinity coil
interdigitates with one of first and second loops of an adjacent infinity coil so as to form a
single passage, a pintle extending through the passage, and one or more infinity coils
added to the first infinity coil or adjacent infinity coil until the required MD length of the
fabric is achieved.

Another embodiment of the present invention 18 an industrial fabric/belt including
a plurality of infinity coil elements, cach of the infinity coil elements having a fivst loop
and a second loop, wherein second loop of a first infinity coil element, having an open

interior portion, and first foop of the sccond infinity coil element, having an open interior
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portion, are interdigitated such that the open interior portions of the second loop of the
first infinity coil element at least partially aligns with first loop of the second infinity coil
element to form a passage therethrough, and a pintle disposed in the passage formed by
the aligned loops to join the first infinity coil element to the second infinity coll element.

Yet another embodiment of the present invention is an industrial fabric including
a plurality of coil materials formed as thwee or more closed curves forming three or more
adiacent coll loops, the three or more coil loops enclosing respective open interior
portions, and intersection regions between adjacent cotl loops in which the coil material
forming a coil loop intersects with material forming an adjacent coil loop.

Yet another embodiment of the present invention is a coil including at least one
infinity coil element comprising a plurality of loops, each of the loops having an axis
parallel to and collinear with the axis of each of the other loops of the plurality of loops,
wherein, when viewed parallel to an axis of one of the plurality of loops, each of the
phurality of loops forms a closed curve with a respective open interior portion,

Yet another embodireut of the present invention is a coil including a coil axis, an
axial length paraliel to the coil axis, a width perpendicular to the axial length, a
continuous strand of matenal forrued into a continuous helical plurality of infinity coil
clements, each of the plurality of infinity coil elements comprising at least a first loop and
a second loop, each of the loops having an axis parailel to and collinear with the axis of
the coil, wherein, the axes of the at least first loops are collinear with one another and the
axes of the second loops are collinear with one another such that, when viewed parallel to
the coil axis, cach of the plurality of loops appears to form a closed curve with anopen
interior portion.

Yet another embodiment of the present invention is a coil element including a coil
material formed as a lemniscate having two closed eurves forming first coil loops and
second coil foops, the first and second coll loops enclosing respective first and second
open interior portions, and an irdersection region between the closed curves in which the
coll material forming the first coil loop intersects with material forming the second cotl
loop.

Yet another embodiment of the present invention 1s a coil element including a coil

material formed as three or more closed curves formdng three or more adjacent coil loops,

iy
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the three or more coil loops enclosing respective open interior portions, and intersection
regions between adjacent coil loops in which the coill material forming a coil loop
intersects with material forming an adjacent coil Toop.
it is noted that in this disclosure and particufarly 1o the claims, terms such as
5 “comprises,” “comprised,” “comprising”™ and the like can have the meaning attributed 0
it in ULS. Patent law; e.g., they can mean “includes,” “ineluded,” “including” and the like.
Fora 'bf:t‘-“er understanding of the invention, its advantages and specific objects
obtained by tts use, reference is made to the accompanying descripiive matter in which

preferred, but non-limiting, enabodiments are iHlustrated.

&

BRIEY DESCRIPTION OF THE DRAWINGS

The following detailed description, given by way of example and not intended to

limit the invention to the disclosed details, is made in conjunction with the accompanying
drawings, in which like references denote like or similar elements and parts, and in
15 which:
Fig. 11s an axial view of a conventional spiral link cotl;
Fig. 1A is a perspective view of the conventional spiral Huk coil of Fig. |

Fig. 2 is an axial view of the spiral link cotl of Fig. 1 formed on a single mandrel;

3 "‘L'

[\

Fig. 3 is an axial view of conventional coils joined together by a pixy
20 Fig. 4 is an axial view of an infinity coil according to one embodiment of the
present invention;
Fig. 4A is a perspective view of the infinity coil of Fig. 4;
Fig. 4B is a perspective view of a separate infinity loop according to one
gmbodiment of the present invention;
25 Fig. 4C iz a perspective view of a separate infinity loop according to another
embodiment of the present invention;
Fig. § is an axial vicw of the infinity cotl of Fig. 4 formed on a double mandrel;
Fig. 6 is an axial view of two infinity coils joined by a pin according to one
embodiment of the present invention;
30 Fig. 7 is an axial view of the infinity coils of Fig. 6 under an increased tenstle load

transverse {o the axis of the fabric/belt;

-3
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Fig. 8 is a plan view of an industrial fabric/belt with pintles inserted, according to
one embodiment of the present invention; and
Fig. 9 is an axal view of the coil fink fabric/belt shown in Fig. 8, according to one

embodiment of the present invention.

DETAILED DESCRIPTION

Embodiments of the mvention are described below with reference to the

accompanying drawings which depict embodiments of the disclosed infinity coil and
exermnplary applications thereof. However, it is to be understood that application of the
10 disclosed infinity coil is not imited to those embodiments illustrated. Also, the invention
is not limited to the depicted embodiments and the details thereof, which are provided for
purposes of illustration and not limitation.
The present invention relates to industrial fabrics/belts, and includes engineered
fabrics and fabrics used in papermaking. The present invention also relates to a process
15 for producing such industrial fabrics/belts.
According to one exemplary embodiment, the fabric/belt may be a fabric
comprised of a plurality of the inventive coils or spiral elements pinned together to form
a fabric.
The coils or spival elements may be formed from a mono{ilament or twisted
20 multifilament, coated or uncoated, made from a polymer or polymers, such as polyester, a
coated or uncoated metal wire, or from other matenials known in the art. The coils may
be formed as a continuous piece having an appropriate length for the width of the
fabric/belt to be formed, as measured as the cross maching direction {CD) width of the
fabric/belt. In some justances, a coil formed a8 a continuous piece may have the same
25 length as, or nearly the same as, the width of the fabric/belt to be formed. Other coil
lengths may be useful, such as lengths less then the width of the fabric/belt, or greater
than the width of the fabric/belt and trimmed to an appropriate length. In other
ernbodiments, the coils may be individual pieces formed into separate loops, with a
number of individual loops arranged across the width of the fabrie/belt.
30 Coils in this application are illustrated as having two enclosed iaterior portions or

nodes, when viewed along the axis of the coil, for ease of illustration. This corresponds
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with the common infinity symbol or the mathematical lemniscate. However, cotls of
more than two enclosed interior portions or nodes are anticipated, and are also referred to
as infinity coils because ‘Lhey comprise coil turns forming at least one infinity symbol or
femniscate. Such coils lend themselves to simitlar manufacturing techniques using a
forming apparatas with a number of support members corresponding to the number of
desired nodes. Infinity coils with more than two nodes have industrial uses, for example,
uses similar to those disclosed for the two-node coils.

A loop 1 for a conventional, prior art spiral coil spiral seam, as shown in an axial
view in Fig. | and in a perspective view in Fig, 1A, bas a curved shape, approximating a
circular or ovular shape. Successive coils are similarly shaped and approximately
coaxial, extending into the paper as tllustrated. Typically, such coils are formed by
placing successive coaxial coils of material, for example a polyester monofilament, ona
single mandrel 3 ag shown in Fig. 2. The open intertor portion 2 is simitarly shaped and
proportional in size to the mandrel 3 upon which it is formed. Although an ovular shaped
mandrel is shown, other shapes may be used for the mandrel.

The materials used may be a monofilarnent formed from one or more polymers
such as polyester, In cross section, the spiral coils may be round, rectangular, oval,
Hlattened, or other noncircular shapes.

Whaen, for example, two coils 1a and 1b are joined to opposite fabric edges (not
shown) and configured to form a spiral coil seam illustrated generally as 5 in Fig. 3, at
least some of the open mterior portions 2 of the two spival coif Joops 1 align to form a
passage ¢ to accept a pintle or pin 6, forming a seam joining the two fabric edges. The
two conventioval spiral coil toops 1 are generally frec to pivet or rotate abont the axis of

the pintle which substantially corresponds with the axis of the seam 5.

An entire spival Hok fabric can be produced from these priov art coils by
interdigitating adjacent coils and inserting pins until the desired fabric length is acquired
as taught in U.S. Patent No. 4,839,213, the entire confents of which is incorporated herein
by reference.

When the seam 5 of Fig, 3{or a fabric constructed entirely of these prior art coils
and ping) is placed in tension perpendicular to the axis of the seam/fabric which

corresponds with the axis of the pintle 6, that is tension in the length direction of the

W
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industrial fabric, conventional spiral coif loops la and b tend to elongate slightly in the
direction of the tension and contract slightly a distance in the direction perpendicalar to
the tension. That is, in the case of oval coils, the major diameter of the coils lengthens
and the minor diameter shortens.

According to one embodiment of the present invention, a spiral element ig
provided in the form of the infinity coil 8 in Figs. 4 and 4A, formed as a figure-cight
shaped curve, or a lemniscate, resembling a symbol commonly used to represent infinity,
o, According to one embodiment of the present invention, a continuous helical infinity
coil as illustrated in Figs. 4 and 4A is an infinity coil formed from a continuous strand of
material. When viewed parallel to the axis X-X of the coil, the continious helical infinity
coil will appear to have two closed curves forming first and second infinity coil loops 10a
and 10b, respectively, with first and second open interior portions 2a and 2b,

respectively. Coils according to embodiments of the invention may also have more than
two open inferior portions, vet are still referred to as infimaty coils throughout the
disclosure. For example, they can have three or more closed curves forming three or
more adjacent coil loops, the three or more cotl loops enclosing respective open interior .
portions, and intersection regions between adjacent coil loops in which the coll material
forming 2 coil foop wtersects with material forming an adjacent coii loop.

The material used to form infinity coils may be any of the materials known in the
art as suitable for industrial fabrics, for example a polyester monofilament, and may have
any suitable cross section. Circular cross sectional shapes of the material may be used.
Additionally, in non-limiting examples, other cross section shapes may be used, such as
oval, rectangular, square, triangular, fattened, star-shaped, grooved or other non-circular
shapes mway be used depending upon particular requirements.

Figure 4A iHustrates an infinity coil § according to one embodiment of the present

invention. The coil 8 comprises fivst and second foops 10a and 10b. As shown, a
plurality of toops 10a, 10b can extend along coil axis X-X in the divection of coil length
.. Coil 8 may have any combination of number of loops 10a, 10b, and cotl fength L as
determined by the particular application.

Width W of the cotl is taken perpendicular to, or generally perpendicular to, the

axis ¥-X and is the maximurg dimension between the outerraost portion of loop 10a and

10
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the outermost portion of adjaceut loop 10b. The width W may be the same, or
substantially the same, for all adjacent loop pairs 10a, 10b,

Within each of the cotl loops 10a and 10b are open interior portions 2a and 2b,
respectively. The open interior portions 2a and 2b have axes Xa and Xb, which are
parallel, or generally parallel, to coil axis X, In embodiments of the inventive coils, the
axis of all, or substantially all, {irst open interior portions 2a of first loops 10a are
collinear. Similarly, in embodiments of the invention, the axis of all, or substantially all,
second open interior portions 2b of second loops 10b are collinear. In some
embodiments, axes X, Xa and Xb may be coplanar.

I addition to the plurality of loops 10a and 10b shown in Fig, 4A, embodiments
of the invention inchude individual infinity coll clements 8a comprising at least one
complete loop 10a and one complete loop 10b as lustrated in Fig, 4B, Individual coil
elements 8a may be formed by cutting the coil element of Fig. 4 in an appropriate
location to form two complete loops and joining the free end portions 2¢ to form the
individual coil element. Portions of the coil 8a which cross, with one portion of the coil
rossing over the other, or intersect, between the open inferior portions Za and 2b may be
affixed to each other by adhesive, welding, bonding, or other known methods alier
formation of the coil 8a. Thus, one loop 10a and one loop 10b are formed, each loop
forming a completely closed interior portion 2a or 2b, respeciively, of individual coil
element 8a. Alternately, other technigues may be employed in forming individual coil
elements 8a, as shown, in Figs. 4B and 4C. Individual coils can be formed from molten
or softened polymers or resins by known plastic fabrication methods, Such methods
include, as non-limiting examples, injection molding, extrusion molding, compression
molding, transfer molding, or casting. In some embodiments, the portion of seam material
24 may mtersect on the same, or substantially the same, plane between the open interior
portions 2a, 2bof the coil Ba as iHlustrated in Fig. 4C. Thus the portion of coil 8a
between the open interior portions 2a, 2b may be integrally formed with loops 10g and
10b. The individual coil elements a thus formed are consprised of one loop 10a and one
foop 10b, joined at 2d, cach loop forming a completely closed interior poriion 2a or 2b,

respectively,

11
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As used herein, the term “infinity cotl” inctudes both continuous helical infinity
coils and individual infinity coll elements unless a distinction is made for clarity,

Continyous helical infinity coils 8 can be formed on a double mandrel coil former
comprising geaerally parallel coplanar mandrels 32 and 3b as shown in Fig. §. Infinity
coils 8 can be formed, for example, by passing material, for exampie, polyester
monofilament, over the top of a first mandrel 3a, through the space between the two
mandrels, below and then arcund and over the top of the second mandre! 3b, back
through the space between the mandrels and under the first mandrel 3a. Thus the coil
forming material traces the path of a figure-eight as the infinity coils 8 are formed around
mandrels 3a and 3b, This pattern can continue with each coil tum offset axially from the
previous, until the desired number of coils, or the desired axial length of the infinity coil
8, which may be propertional to the number of coils, is formed, In this manner a spiral
element comprising a plurality of infinity coils § can be formed with loops [0a and 10b,
with each loop 10a formed coaxially with previous loops 10a and each loop 10b formed
coaxially with previous loops 10b.

The two individual mandrels 3a and 3b comprising the double mandre] are
tlustrated as having a round cross section for ease of iHustration only. The mandrels may
be of any suitable shape to yield the desired shape of the infinity coil loops 10a and 10b.
The mandrels are also shown as substantially the same size for ease of [Hustration,
However, the mandrels 10z and 10b may be the same, or substantially the same size, or
one mandrel may be larger than the other, or differently shaped, as desired.

Other techniques may be ermaployed in forming the inventive infinity cotls. For
example, the infinity coil could be molded from a molten or softened polymer or resin as
one piece using known molding methods, such as, for example, injection molding,
extrusion molding, compression mwolding, transfer molding, or casting. The muaterial used
for the coil could also be extruded in a Hinear or near linear form and mechanically
deformed into the lemniscate or infinity shape, with or without the application of heat,
‘The material could also be extruded in a manner such that the extruded material forms the
lemniscate or infinity shape either by moving the extruding head or by moving the bed or

receptacle upon which the material is extruded.
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According to one exemplary embodiment of the present invention, the industrial
fabric/belt 12 cau be formed by interdigitating two infinity shaped coils formed according
to the above embodiments. In forming an infinity coil fabrie/belt 12 a first infinity cotl
8a is joined with a second infinity coil 8§b via respective loops 10b of the infinity coils 8a
and 8b using a known method of joining, such as a pintle, as iHustrated in Fig. 6, for
example. More specifically, loops 10b from first infinity coil 8a arc interdigitated with
foops 10b from second infinity coif &b such that the open interior portions 2b of the loops
10b at least partially align and form a single passage 4 in the seam 12. The passage 4
may be sized to allow a pintle or pin 6 to pass through the aligned opf:rl interior portions
2b of loops 10b, joining the cotl elements 8a and 8b. Similarly, a third infinity coil 8¢
{(not shown) is joined to the second infinity coil 8b in the same manner in which 8b is
joined to 8a, a fourth infinity coll 8d {not shown) is joined to the third infinity coil 8¢ in
the same manner in which 8¢ 18 jolned to &b, and so on and so forth until the desired
length of the fabric/belt is produced.

The loops 10b from the first and second infinity cotl loops 8a and 8b may
interdigitated and alternate, t.c., alternatingly interdigitate, one loop from a first cotl, the
next loop from a second coil, followed by a loop from the first coil in a repeated pattern
along the length of the fabric. However, other patterns of interdigitation may be used as
required.

According to one embodiment of the present invention, an industrial fabric 12
may be formed using several of the disclosed infinity coils interdigitated with one another
and joined using pintles or pins 6, as shown in Fig. 8, for example. As illustrated in Fig.
%, infinity coils 8a, 8b, etc. may be joined {o form fabric/belt 12 together. More
specifically, infinity coils 8a and 8 may be drawn toward cach other such that infinity
foops 100 of infinity cotl 8a may interdigitate with loops 10b of infinity coil 8b and open
interior space 2b of infinity loops 10b at {east partially align with each other to form a
single passage (veference 4 in Fig, 6) as tllustrated in Fig. 9, for example.

A pintle or pin 6 may be passed through the formed passage and through all, or
substantially all, of the infinity cotl 'anps 10b joining infinity cotl 8a with infinity coil 8b.

The indusirial fabric/belt 1 shown in Fig. 9 behaves in a manner sivotlar to the

coils 12 in Figs, 6 and 7. That is, when the industrial fabric 12 is under tension
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perpendicular to, or substantially perpendicular to, the fabric 12 in the tength direction of
the industnal fabric, that is, a longitudinal tension, will be under tension and experience
some thinning. The flexible (compared to stiff prior art conventional spiral link coils)
infinity coils 8a and 8b will decrease in thickness measured perpendicular to the

i{mgimdu al tension. The AC of Fig. 7 wall be positive and the infinity coil loops wall

4

maove away from the surface plancs of the fabrig, towards the interior of the fabric,
resuiting in thinning of the entive fabric. Concurrently, the length of the fabric, L1 in Fig.
& will increase to 1.2 of Fig. 7. Depending upon use, for example as a dryer fabiic, a
thinner fabric carries less entrained air which can cause objectionable sheet blowing in
{0 the dryer section.

An additional advantage of the present technique 1s that during installation ox an
industrial machine, the last two coils on the two parallel fabric edges which will be joined
together to make the fabric into an endless loop, the insertion of the pintle can be casier

as the wterior opening is larger during installation on the machine before running tension

15 is applied than after tension is applied
Another advantage of a fabric comprising these infinity shaped coils 15 the fact
Hat there is no large open “interior space or void” as in prior art conventional spiral iink
coils. Therefore, no stuffer is required to obtain lower fabric air permeability, thereby
reducing overall stiffness, mass, and fabric cost.
24 According to one emnbodiment of the present invention, an indusirial fabric may

be formed from a plurality of infinity cotls 8 joined to each other {o form an infintly cotil
link fabric. Spival Huok fabrics, such as those disclosed in U.S. Patents Mos. 7,575,659 to
Billings and 7,360,642 to Perrin, assigned to the assignee of the present invention and
incorporated by reference herein, disclose a spiral link fabric comprised of conventional

25 spiral coils. Billings discloses a spiral link fabric for a papermaking machine, while
Perrin discloses a spiral fink belt for use as a conveyor belt.

In a similar fashion, the presently disclosed infinity coils can be joined with each
other, with a pintle or the like, as in forming the fabric/belt 12 of ng 6. By
interdigitating additional infinity coils 8, and joining the additional infinity coils with

30 pintles 6 or the like as discussed above, and repeating the procedure, an infinity coif link

fabric 18 could be produced, a pottion of which is illustrated in Fig. 9 1n a view taken

i4
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parallel to the axis of the pintles 6. As shown, a plurality of infinity coils may be joined

in the longifudinal direction until an infinity coil link structure or scam of suitable length

15 obtained. The width of the structure may be determined by the length of the infinity

coils. Ina fabric thus formed, opposite fabric edges may be joined with a pintle to form
5 an industrial fabric (not shown) in the form of a continuous loop.

The benefils of an infinity coil link industrial fabric 18 include a thinner caliper
and uniform wechanical characteristics throughout the width and length without the need
to modify portions of the structure. Important in some applications is the uniform surface
characteristics resulting from the lack of scams with a construction different than the

10 remaining fabric, which may cause discontinuities in the surface characteristics.

According to one embodiment, industrial fabric/belt 12 can be formed using a
plurality of infinity coil elements 8a, as shown in Fig. 48, for example. In this
embodiment, plurality of infinity coil elements 8a are aligned next {o each otherin a

single row such that the desired width of the final fabric is achieved. Infinity loops 10a

L 23

and 10b from adjacent rows of such infinity cotl elements 8a are interdigitaied and joined

using pintles or pins 6, as described in the above embodiments to form a fabric/belt 12 of

the required length. These steps may be caried out mamually or may be carried out using

a machine that is configured to align the individual elements in rows and then

interdigitate infinity coil elements in adjacent rows in order to form the final fabric.

20 Agcording to another embodiment, industrial fabric/belt 12 can be formed using a
plurality of infinity coil elements 8a, gs shown in Fig. 4C, for example. In this
erabodiment, plurality of infinity coil elements 8a are aligned next 1o each other in a
single row such that the desired width of the final fabric is achieved. Infinity loops 10a
and 10b from adjacent rows of such infinity coll elements 8a are interdigitated and joined

25 using pintles or pins 6, as described in the above cmbodiments to form a fabrie/belt 12 of
the required length. These steps may be carried out manually or may be carried out using
a machine that is configured to align the individual elements in rows and then
interdigitate infinity coll elements n adjacent rows in order to form the final fabric.

Having thus described in detail various embodiments of the present invention, 18

30 io be understood that the wvention defined by the above paragraphs is not to be limited to

particular details set forth in the above description as many apparent variations thereof

i5
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are possible without departing from the spirit or scope of the present invention.

16
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CLAIMS:
i. Axn industrial fabric compuising:

a plurality of infinity coils baving a CD length equivalent to the fabric width, said

coils arranged such that one of first and second loops of a first infinity coil interdigitates

Lo

with one of first and second loops of an adjacent infinity coil so as to form a single
passage;

a pintle extending through the passage; and

one or more infinity coils added to said first fnfinity coil or adjacent infinity coil

10 until the required M} length of the fabric is achieved.

2. The industrial fabric of claim 1, wherein a tensile load perpendicular to the axis of
the infinity coils reduces a thickness of the influity coils.

5 3 The industrial fabric of claim 1, wherein the second loops of the first infinity coils

alternatingly mierdigitate with the first loops of the second infinity coils,

4, The industrial fabric of claim {, wherein the infintty coils are formed from a

ronofilament, twisted multifilaments, coated or uncoated, or metal wire,

20
5. The industrial fabric of claim 4, whercin the monofilament, twisted
multifilaments, or metal wire making the ifinily coils is vound, rectangular, square, oval,
flattened, star-shaped, grooved or other non-circular shape,

25 6. The industrial fabric of claim 1, wherein the infinity coils are continuous helical

mnfinity coils.

7. An tndustrial fabric/belt comprising:
a plurality of infinity coil elements, each of said infinity coil elements having a

30 first loop and a second loop;

-2
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wherein second loop of a first infinity coil element, having an open interior
portion, and first loop of the second infinity cotl element, having an open interior portion,
are interdigitated such that the open interior portions of the second ioop of the first
infinity coll element at least partially aligns with first loop of the second infinity coil
element to form a passage therethrough; and

a piutle disposed in the passage formed by the aligned loops to join the first

infinity coil element to the second infinity coil element,

8. The industrial fabric of claim 7, wherein the infinity coil elements are arranged in
individual rows by successively positioning the infinity coils next to cach other until a

desired width of the fabric/belt is achieved.

9. The industrial fabric of claim 7, wherein a plurality of the individual rows of
infinity coil clements are interdigitated and joined to form the fabric/belt of desived

length.

10, The indostrial fabric of claim 7, wherein the second loops of the first infinity coil
clements alternatingly interdigitate with the first loops of the second infinity cold

elements.

11, The industrial fabric of claim 7, wherein the infinity cotls are formed from a
monofilament, iwisted multifilaments, coated or uncoated, or metal wire,

12. The industrial fabric of claim 11, wherein the monofilament, multifilaments, or
metal wire making the coils is round, rectangular, oval, flattened, ot other non-circular

shape in cross section,
13, The industrial fabyic of claim 9, wherein the coil elements are joined by inserting

a pintle or pin a channel formed by interdigitating the plurality of coifl elements from

adjacent rows.

18
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14. The industrial fabric of claim 7, wherein the coil elements are formed from

polymers or resing using injection molding, exirusion moiding,

£

molten or softened

compression molding, transfer molding, or casting.

5 15, The industrial fabric of claim 7, wherein the plurality of coil elements are:
a. molded to form the at least first and second loops,
b. extruded in a substantially linear form and mechanically deformed into the at
icast first and second loops, or
¢. extruded such that extruded material forms the at least first and second loops

by moving an extruding head or by moving a receptacle upon which the material is

&
i
Yous
e
o
¢]
~t

extruded.

16, The industrial fabric of claim 7, wherein the infinity coil elements are
discontinuous helical miinity coils having a CD length less than the width of the fabric.

15
i7. The industrial fabric of claim 7, wherein the coil elements comprise an
intersection region between the closed curves in which the coil material forming the frst

loop intersects with material forming the second loop.

26 18, Anindustrial fabric comprising:
a plurality of coil materials formed s three or more closed curves forming three
or more adjacent coil loops, the three or more coil loops enclosing respective open
interior portions, and intersection regions between adjacent coil loaps in which the coil

material forming a coil loop intersects with material forming an adjacent cotl loop,

25
19. The indusirial fabric of claim 18, wherein the coil matesial is a monefilament,
twisted muliifilaments, or metal wire.
20, The industrial fabric of claim 18, wherein the coil material is eithen

30 a. molded to form the three or more adjacent coil loops,

1
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b. extruded in a substantially linear form and mechanically deformed into the
three or more adjacent cotl loops, or

¢. extruded such that extruded material forms the three or more adjacent coil
toops either by moving an extruding head or by moving a receptacle upon which the

5  material is extruded.
21, The industrial fabric of claim 19, wherein the coil element is coated.

22, The indusirial fabric of claim 18, wherein the adjacent coil loops ave planar.
16
23, A coil comprising:
at least one infinity coil element comprising a plurality of foops, each of the loops
raving an axis parallel to and collinear with the axis of each of the other loops of the
phurality of loops;

wherein, when viewed paraliel to an axis of one of the plurality of loops, each of
p 3 S,

sk
(4

the plurality of loops forms a closed curve with a respective open interior portion.

Ey

The coil of claim 23, wherein the plurality of loops forms at feast two closed

|
o

CUTVES,

[
o
e

25. A coil comprising:
a coil axis;
an axial fength parallel to the coil axis;
a width perpendicular to the axial length;

25 a continuous strand of material formed into a continuous helical plurality of
infinity coil elements, each of the plorality of {nfinity coil elements comprising at least a
first loop and a second loop, each of the loops having an axis parallel to and collinear
with the axis of the col;

wherein, the axes of the at least first Joops are collinear with one aniother and the

30 axes of the second loops are collinear with one another such that, when viewed parallel to
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the cotl axis, each of the plarality of loops appears to form a closed curve with an open

interior portion.

26. The coil of claim 25, wherein the plurality of infinity coil clements is continuous

(9]

along the length of the coil axis.

27. The coil of claim 235, wherein the coil is formed from monofilament, twisted

multifilaments, or metal wire.

10 28, The coil of claam 27, wherein the coil is coated.

29. The cotl of claim 23, wherein the plurality of coll elements are cither:

molded to form the at least {irst and second loops,

g-'ﬂ

b. extruded in a substantially linear form and mechanically deformed into the at
15 least first and second I.Qops, or
¢. extruded such that extruded material forms the at feast first and second loops
either by moving an exiruding head or by moving a receptacle upon which the material is

extruded.

20 30. A coil element comprising:

a coil material formed as a lemmiscate having two closed curves forming first coil
toops and sceond coil loops, the first and second cotl loops enclosing respective fiest and
second open interior portions, and an intersection region between the closed curves in
which the coll material forming the first coil loop intersects with naterial forming the

25 second coil loop.
31, The coil element of claim 30, wherein the coil matertal is a monofilament, twisted
multifilaments, or metal wire

30 32, The cotl element of ¢laim 31, wherein the coil element 15 coated,

21
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33. The coil slement of claim 30, wherein the lemniscate is planar,

34. A coil element comprising:

a coil material formed as three or more closed curves forming three or more
adjacent coil loops, the three or move coil loops enclosing respective open interior
portions, and intersection regions between adjacent coil loops in which the coil material

forming a coil foop intersects with material forming an adjacent coil loop.

35. The coil element of claim 34, wherein the coil material is a monofilament, twisted

waltifilaments, or metal wive,

36. The coil element of claim 34, wherein the coil material is efther;

a. molded to form the three or more adjacent coil loops,

b. extruded in a substantially hinear form and mechanically deformed into the
three or more adjacend coil loops, or

o. extruded such that extruded material forms the three or more adjacent coil
loops either by moving an extruding head or by moving a receptacle upon which the

material is extruded.
37. The coil element of claim 35, wherein the coil element is coated.

38. The coil element of claim 34, wherein the adjacent coil loops are planar.

22
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