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ABSTRACT OF THE DISCLOSURE

A mnovel product especially suitable as a printing roll
is disclosed having elastomer-coated filaments (e.g. syn-
thetic rubber coated glass filaments) wound on a core
at an angle to the core and joined at the cross-over points
by the elastomer. The filaments are wound in such a
manner that void spaces are defined by the filaments.

This is a continuation-in-part of application Ser. No.
588,174, filed Oct. 20, 1966, and now abandoned.

This invention relates to a novel product and more
particularly to a novel, resilient, volume compressible
roll.

Compression rolls generally in use today both in print-
ing and industrial applications are frequently used in con-
junction with a non-resilient surface, generally a non-re-
silient roll although a plate is also used. In order to obtain
the desired intimate contact with the material which passes
between the two rolls, a force is applied to the combina-
tion. Therefore, it is necessary that one or both of the rolls
be compressible to insure contact across the face of both
rolls despite any variations in materials or equipment.
Rubber, which is the most commonly used material for
rolls, is, however, not a truly compressible material. In
the true sense of the word, a compressible material must
be reducible in volume, that is, it must possess the ability
to be forced into a space smaller than that it originally
occupied. Rubber does not possess this property; rather,
it is displaced under force and flows in a manner similar
to liquids. When pressures are applied to rubber, the rub-
ber moves away from the point of application of pres-
sure in several directions causing distortion or deforma-
tion of the rubber without substantially changing its
volume thereby assuming a shape different from the
original shape prior to the application of the force. In
high speed equipment employing such rolls, the lack of
volume compressibility and dimensional stability results
in a number of deficiencies, such as, heat build-up, gen-
eration of static electricity, increased wear, and speed
variations through the nip.

A novel roll has now been found which is not subject
to the prior art deficiencies and which is particularly use-
ful in printing and other industrial applications.

The novel roll of the present invention comprises a

' porous layer of filamentary material as a compressible

member wound on a substantially non-resilient core and
bonded at the crossover points by an elastomeric binder
material which substantially covers the filamentary mate-
rail. The filamentary material is wound at an angle to the
axis of the core in such a manner as to provide a porous
member comprising a network of voids between adjacent
filaments. The filamentary material is wound in such a
manner so that there is no contact between adjacent fila-
ments in the same layer. As a load is exerted on the roll
during operation, the elastomeric binder material will
flow onto the voids, and, as a result the roll will occupy
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a smaller space than it occupied under no load. The roll g

also possesses resistance to lateral distortion by virtue of
the stabilization provided by the filamentary material.

2

Thus, the roll of the present invention is volume com-
pressible because under a load it occupies a space smaller
than that which it occupies with no load and it is di-
mensionally stable. In the roll of the present invention,
there is substantially no movement under compression
except in the direct line of the applied pressure. As stated
above, a prior art rubber roll, for example, would not be
volume compressible and would be subject to lateral move-
ment or creep as well as other deficiencies, Because of the
property of volume compressibility, the roll of the present
invention is not subject to the aforementioned deficiencies.

In order that the invention may be more clearly under-
stood, it will be described in conjunction with the attached
drawings in which

FIG. 1 is a diagrammatic view of the roll with the por-
tion of the surface cover removed;

FIG. 2 is an enlarged diagrammatic view showing two
layers of filament windings;

FIG. 3 is an enlarged diagrammatic side elevation of a
cross section of the roll of FIG. 1 taken along lines 3—3;

_FIG. 4 is the cross section of FIG. 3 under compres-
sion;

FIG. 5 is a schematic representation of two layers of
filament windings;

Referring now to the drawings, in FIG. 1, roll 10 is
composed of non-resilient core 11 upon which rubber
coated fibers 13 are wound in a predetermined pattern.
The surface is covered with a surface coating 12.

FIG. 2 is an enlarged diagrammatic view showing two
layers of filament windings. Filaments 15 have been wound
on a core at an angle to the core from right to left.
Filament 16 represents the next layer wound from left to
right at the same angle as filaments 15, Filaments 15 and
16 are bonded at their crossover points 17 by the elas-
tomeric material,

FIG. 3 is an enlarged diagrammatic cross section of a
portion of roil 10 taken on lines 3—3. Underlying sur-
face coating 20 is a plurality of layers of cords made up
of individual filaments 21 which are surrounded with
elastomeric binder material 22. The coated filaments define
void areas 23 into which the elastomeric material flows
upon compression. FIG. 4 shows the cross section of FIG.
3 in its compressed state wherein the elastomeric mate-
rial 22 has been forced to flow into voids 23. :

In FIG. 5, solid line 27 represents a filament wound on
a non-tesilient core 25 in a predetermined angle from left
to right. Broken line 26 represents the path taken by the
same filament as it is wound from right to left return-
ing to the left-hand edge of the core 25.

The rolls are prepared by winding filamentary material
in a predetermined pattern on a non-resilient core. Each
successive winding does not fall directly on the underlying
filament in the same layer; rather, it is displaced to pro-
vide the necessary void spaces and thus, adjacent fila-
ments in the same layer do not contact each other, In
one embodiment, the filament winding is started at one
end of the core and wound at the desired angle across the
core to the opposite end. The winding direction is then
reversed and winding continued at the same angle back
across the core making a criss-cross pattern with the under-
layer. When the starting point is reached, the direction is
again reversed, but care is taken to offset the upper layer
of windings to avoid positioning it directly over the under-
layer which is wound in the same direction. This procedure
is continued until the desired number of windings is
achieved. .

Alternatively, one or more filaments may be applied
to the core at the same time. For example, two filaments
may be started, either at opposite ends of the core or at
the center and wound on opposite directions at the same

angle.
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In one embodiment, the novel rolls of the present in-
vention are prepared by applying the elastomeric binder
material to a filament, e.g., by passing the filament and
the binder material through a nozzle and winding the
resulting coated filament on a non-resilient core in the
manner described above, spacing said filament to provide
a predetermined amount of voids between the filaments.
If desired, an adhesive is employed to secure the filaments.
to the core. Depending upon the binder material em-
ployed, a partial curing step for the binder material prior
to the winding operation may be necessary in order to
prevent the flow of the binder material into the voids as
the roll is formed. After the winding of the filament is
complete, curing of the binder is accomplished and, if
desired a surface layer of a suitable surface coating ma-
terial is applied. .

Alternatively, uncoated filaments may be wound directly
on a core in the manner described above. As the fila-
ments are deposited upon the core and over the underlying
layers of filaments, elastomeric binder material is applied,
e.g., by spraying, to provide the filament coating and the
binding action at the filament crossover points. In prepar-
ing rolls according to this alternative embodiment, care
must be taken to control the solids of the applied binder
material and the speed at which the fibers are wound in
order to prevent filling the void spaces with binder.

The void .volume of the rolls and the thickness of the
filament layers may vary over a relatively wide range
depending upon the 'particular properties desired in the
roll. For example, for a compression roll in letterpress
applications, relatively low compression is- desired, e.g.,
about 5 mils, and a thickness of about 30 mils of .0050
inch diameter filaments is satisfactory. For a high com-
pression textile roll, approximately half an inch of fila-
mentary windings of .0100 to .0200 inch diameter fila-
ments would be employed. In the majority of applications,
the above 30 mil figure may be taken as a minimum thick-
ness and the half inch figure, as a maximum. It should be
understood that the above figures are illustrative and may
be varied according to the particular filament used.

The number of layers of filamentary material depends
" upon the pattern of windings employed, the diameter of
the filament, the tension under which the filament is wound
and the angle of the windings. The angle of winding
preferably ranges from substantially perpendicular to the
axis of the roll to an angle of 45° to the axis of the
roll. The term “substantially perpendicular” as used here-
in is intended to refer to an angle deviating from a 90°
angle to the axis of the roll and is intended to exclude a
90° angle. If the filaments were wound at an angle per-
pendicular to the axis of the roll, ie., 2 90° angle, then
successive windings would lie directly on top of each other
and the windings would not progress across the face of
the roll. It is critical that the filaments be placed at such
an angle so that there is no contact between adjacent fila-
ments. The minimum angle, therefore, must be such that
in one revolution of the roll, the filament advances along
the roll a distance greater than the diameter of the coated
filament. Thus the minimum void size is a function of the
filament diameter. The specific angles selected are also
dependent upon the circumference of the drum as well as
the void volume desired.

The closer the filaments are spaced to each other, the
smaller the voids will be and the less the compression.
In a calender roll, for example, where the deflection
desired frequently is approximately 3 to 5 mils, a rela-
tively thin layer of filamentary windings with a relatively
small void volume would be employed. In a calender roll
where a relatively large deflection is desired, e.g., about
30 to 50 mils, a relatively thick layer of filamentary wind-
ings with a relatively large void volume would be em-
ployed.

In an alternative embodiment, the filamentary material
is wound at one angle for several layers and then the
angle is. changed. Thus a roll may comprise winding at
different angles, but the angle change must not occur
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within a layer. The angle must remain constant through-
out the layer.

In a preferred embodiment, the void volume is not less
than 10 percent. However, a void volume of less than 10
percent may be employed for low compression operations.
The upper limit of the void volume is determined by the
unevenness of the pressure pattern which can be tolerated
for the particular employment of the roll. When the fibers
are wound in such a manner as to provide a relatively
large void volume, the size of the thus-formed voids or
gaps result in variations in compression across the area
of the roll. .

The volume of the elastomeric binder material on the
filaments is preferably equal to the void volume. Pref-
erably no more than an amount of binder material equal
to the voids is employed. At least sufficient binder mate-
rial should be present to permit flow of the binder into the
voids thus obtaining the desired deflection in the roll. In
a particularly preferred embodiment, about 75% by
weight of elastomeric binder based on the weight of fila-
ment is employed.

Preferably a smooth, abrasion-resistant coating is ap-
plied to the surface of the roll. This coating serves to elim-
inate any pattern of the filaments which may print
through on material passing over the roller and also pro-
tects the filaments from damage or wear. The particular
surface coating may be selected depending upon the ulti-
mate use of the roll and may be applied in several forms.
As examples -of suitable materials for the surface coat-
ings, mention may be made of synthetic rubber composi-
tions such as butadiené/acrylonitrile and butadiene/
styrene/acrylonitrile copolymers, vinyl polymers such as
polyvinyl chloride and polyvinylidene chloride, epoxy
resins and polyurethanes. The coatings may be applied
from a solution or a latex by means of a tape or unsup-
ported film or shrinkable film. In applications where a
smooth, polished surface is not necessary, the surface may
comprise a tight winding of filaments across the. entire
face of the roll.

The following non-limiting examples illustrate the prep-
aration of a roll of the present invention.

EXAMPLE I

To a roll core 6 inches long and 2.1 inches in diameter
was applied Fiberglas yarn (ECG 150 3/0, average di-
ameter 10 mils, twist 0, denier 900, breaking strength 16).
The yarn was coated with nitrile rubber in an amount of
13 percent by weight of rubber based on the weight of
the yarn. A Leesona 959 take-up machine was employed
to wind approximately 3600 yards of yarn onto the core
at an angle of 45°. Winding was carried out in such a
manner that successive parallel layers of yarns did not
fall directly on top of each other. The distance between
adjacent parallel yarns was approximately one thirty-sec-
ond of an inch. The thickness -of the filamentary layer
was about ¥4 inch. The roll was then given an additional
treatment with a 10 percent nitrile rubber solution to pro-
vide additional bond strength to the yarn. A top coat-
ing of a polyurethane film 20 mils in thickness was ap-
plied to the roll. The finished roll consisted of 50 percent
by volume of coated yarns and 50 percent by volume of
air spaces. :

The terms “filament” and “filamentary material” as
used herein are intended to refer to an individual con-
tinuous fiber, a plurality of fibers formed into a continu-
ous strand, cords, yarns, and threads. Preferably, the
filamentary material employed in the present invention
comprises a strand which has been treated by means known
to the art to minimize any abrasion on the strand during
fabrication of the roll, e.g. by a polymeric coating such
as polyvinyl chloride, plastisol, or neoprene.

The filaments employed in the present invention include
both natural and synthetic fibers such as glass, mod-
acrylic (Dynel), polyester (Dacron), polyethylene, poly-
propylene, polyvinylidene chloride, fluorocarbon, .rayon,
nylon, acrylic, cotton and wool. The particular fiber em-
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ployed in the roll is selected with the end use of the roll
in mind. For example, glass is the preferred filamentary
material because of its substantially complete elastic re-
covery at substantially all loads and temperatures. Where
relatively low loads are to be employed or if elastic re-
covery is not a major factor in the use of the roll, other
materials may be employed. For example, Dynel, which
has 100 percent elastic recovery at 2 percent elongation
could be selected for relatively low load operations.

In a particularly preferred embodiment, continuous
filament glass yarn is employed. The continuous filament
yarn is prepared by twisting and/or plying a number of
Fiberglas fibers. A polymeric coating is applied to the
yarn to make the glass non-friable.

Any elastomeric binder material is suitable for use in
the present invention. As examples of such elastomers,
mention may be made of synthetic rubbers such as ni-
trile rubber, neoprene, natural rubber and butadiene/
styrene rubbers. The binders are preferably employed in
the form of solvent solutions. However, aqueous latices
are also employed to apply the elastomer to the filament.

Small amounts of conventional additives, for example,
vulcanizing agents, antioxidants, adhesion promoters,
plasticizers, softeners, organic accelerators, etc. can be
incorporated in the elastomeric binder.

The filament should be substantially covered by the
binder or have a sufficient uniformity of pattern of de-
posited binder to give a uniform compression profile un-
der load.

To provide, for example, extra cushion, the elastomeric
binder material can be caused to foam utilizing conven-
tional methods. Any of the well-known foaming agents
such as 4,4” oxybisbenzenesulfonyl hydrazide, can be em-
ployed in the elastomeric binder to assure foaming of the
elastomer. The extent to which the elastomer is foamed
can be varied. For instance, foaming may be conducted to
the extent that the spaces between the filaments in the
wound roll are substantially filled with cellular elastomer,
the filaments being connected by a network of elastomer-
elastomer bonds. In such a case, the voids in the cellular
elastomeric binder permit volume-compression of the ma-
terial and the elastomer-elastomer bonds in the cellular
network provide a high degree of cushion to the roll.
Foaming to a lesser extent provides a roll wherein the
spaces defined by the wound filaments are not entirely
filled with wound cellular elastomer and the filaments are
covered with a thin layer of the foamed elastomer which
likewise provides cushion to the finished roll. The follow-
ing is a non-limiting example of the preparation of a roll
prepared according to the invention wherein the elasto-
meric binder is foamed:

EXAMPLE II

To a roll core 78 inches long and 4.55 inches in diameter
was wound Fiberglas yarn (ECG 150-3/0 at a rate of 125
r.p.m. and an angle of 70° using a McClean-Anderson
(Model W-L) filament winder. The space between ad-
jacent parallel filaments was about 0.1 inch. Prior to the
winding, three coats of an elastomeric binder were ap-
plied to the yarn with drying in between each coat, the
yarn after the final coating having a diameter of 0.07 inch.

The elastomeric binder used had the following composi-
tion:

Neoprene rubber -~ 100
Zinc oXide oo 5
Magnesium oxide oo 4
Antioxidant _ . _______ . 2
Phenolic resin ... ______________________ 15
4,4’ oxybisbenzenesulfonyl hydrazide .. 0.8
Coumarone-indene Iesin ;oo 10
Aliphatic hydrocarbon .. __ 15
Vulcanizing agent . ________ . __________ 0.8

The tension of the yarn during winding was maintained
at a minimum, approximately 200 grams. The yarn was
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wound to a diameter of 6.19 inches, the amount of elas~
tomeric binder (solids) deposited being 10,906 gms. and
the amount of glass yarn wound being 2060 gms. A thin
coating of the binder material was applied over the thus
wound roll and the roll cured for 4 hours at 250° F. There
resulted in a roll wherein the spaces formed by the initial
winding of the roll with the coated filament were sub-
stantially filled with foamed elastomeric binder, the requi-
site void spaces for volume compressibility being provided
by the cellular network of the foamed elastomer.

In another embodiment, instead of applying the fila-
mentary material directly to a non-resilient core, an addi-
tional compressible material may be interposed between
the core and between the porous layer of filamentary ma-
terial. As an example of such material, mention may be
made of polymeric sponge materials such as neoprene,
urethane, and natural rubber foams.

The cores on which the filaments are wound can be
steel, rubber, plaster, etc. The filament wound structure
can be employed with the core or the core removed after
the filament winding step is complete. The cured elasto-
mer-filament mass can simply be slipped off of the core or
separated from the core by dissolving the core with a sub-
stance which is not a solvent for the filament or the elas-
tomeric binder. A collapsible core can also be employed.

The nonresilient core can be perforated to permit es-
cape of air upon compression of the roll. In this manner
the roll is cooled during high speed operation of the roll.
In a particularly preferred embodiment the nonresilient
core comprises a hollow perforated cylinder.

Although the invention has been described primarily
in terms of a roll, it should be understood that the present
invention can also be employed in sheet form wherever
a compressible sheet material is desired. Such a sheet ma-
terial could be prepared by taking a roll within the scope
of the present invention, cutting it along a line parallel to
the axis of the roll and unwinding the porous filamentary
layer from the nonresilient core. The thus-produced sheet
material can then be used, for example, as a compressible
lithographic blanket or letterpress packing.

The rolls of the present invention are emploved in letter-
press -and offset printing applications, in finishing and
glazing textiles, in calendering operations, as laminating
rolls, and other applications where a compressible roll is
desired. For instance, a product suitable for use as a vehi-
cle tire can be made by directly winding the filamentary
material in accordance with the invention upon a con-
ventional vehicle tire rim and coating the cured wound
structure with an abrasion-resistant polymeric coating
such as any of the well-known rubber tread compounds.
Alternatively, the cured wound structure can be removed
from the core in a manner as described above, for instance,
simply slipped off the mandrel, and inserted into a cons
ventional vehicle tire carcass. Vehicle tires made in any
of the foregoing manners are compressible and dimen-
sionally stable and have the very desirable characteristic
of being blowout proof.

Since certain changes and modifications may be made
in the above-described invention without departing from
the scope of the invention, it is intended that all matter
contained in the above description or shown in the ac-
companying drawing should be interpreted as illustrative
and not in a limiting sense.

What is claimed is:

1. A novel product comprising a substantially non-
resilient core and a compressible porous portion thereon,
said porous portion comprising a plurality of layers of
an elastomeric binder-coated filamentary material wound
on said core at an angle to the axis of said core, the coated
filaments in each wound layer being spaced from one an-
other and disposed at a constant angle to said axis, ad-
jacent layers of said filamentary material in said com-
pressible porous portion being disposed at an angle to one
another, the coated filaments in said adjacent layers being
bonded to one another by said binder at the points where
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one filament crossés over another filament, said coated,
wound bonded filamentary material defining void spaces
in said compressible porous portion. :

2. A product as defined in claim 1 wherein said fila-
mentary material is wound on said core at an angle be-
tween substantially perpendicular and 45° to the axis of
said core. :

3. A product as defined in claim 1 wherein the void
volume of said porous portion is at least 10 percent.

4. A product as defined in claim 1 wherein said fila-
mentary material is glass yarn. )

5. A product as defined in claim 1 wherein said porous
portion is covered with an abrasion-resistant polymeric
coating.

6. A product as defined in claim 1 wherein said core is
perforated.

7. A product as defined in claim 1 wherein said core
is a perforated, hollow, substantially cylindrical rim.

8. A product as defined in claim 1 wherein said core
is collapsible.

9. A product as defined in claim 1 wherein said
elastomeric binder is cellular. N

10. A product as defined in claim 1 wherein said coated
filaments are in contact only at said. bonded crossover
points.

11. A product as defined in claim 10 wherein said
elastomeric binder material is a synthetic rubber.

12. A product as defined in claim 11 wherein said rub-
ber is foamed.

13. A product as defined in claim 1 wherein said
elastomeric binder is cellular and the spaces between said
coated filaments are occupied by said cellular elastomer,
said void spaces defined by said coated, wound, bonded
filamentary material comprising the cells in said cellular
elastomer. '

14. A novel product comprising;

(a) a substantially non-resilient core;

(b) an outer surface covering of abrasion-resistant

polymeric material; and,

(c) intermediate of said core and said outer surface
covering a compressible porous portion disposed on
said core, said porous portion comprising a plurality
of layers of an elastomeric binder-coated filamentary
material wound on said core at an angle to the axis
of said core, the coated filaments in each wound layer
being spaced from one another and adjacent layers
of said filamentary material in said compressible
porous portion being disposed at an angle to one an-

10

15

20

25

306

40

45

other, the coated filaments in said adjacent layers be-
ing bonded to one another by said binder at the points
where one filament crosses over another filament,
said coated, wound, bonded filamentary material de-
fining void spaces in said compressible porous portion.

15. A novel product comprising;

(a) a substantially non-resilient core;

(b) an outer surface covering of abrasion-resistant
polymeric material; and,

(¢) intermediate of said core and said outer surface
covering, a compressible porous portion disposed on
said core, said porous portion comprising a plurality
of layers of an elastomeric binder-coated filamentary
material wound on said core at an angle to the axis
of said core, the coated filaments in each wound layer
being spaced from one another and disposed at a con-
stant angle to said axis, adjacent layers of said fila-
mentary material in said compressible porous portion
being disposed at an angle to one another, the coated
filaments in said adjacent layers being bonded to one
another by said binder at the points where one fila-
ment crosses over another filament, said coated,
wound ‘bonded filamentary material defining void
spaces in said compressible porous portion.

16. A product as defined in claim 15 wherein said outer

surface. covering of abrasion-resistant polymeric material
comprises a synthetic rubber composition.
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