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[57} ABSTRACT

A woven Fourdrinier Papermaking Belt made of syn-
thetic polyester cross-machine direction strands and
machine direction strands, in which the cross-machine
direction strands have a low modulus of elasticity
measured in their woven heat-set condition and the
machine direction strands have a higher modulus of
elasticity, both modulus measurements being made at
an extension of the strand at which the crimp has just
been substantially pulled out.

7 Claims, 17 Drawing Figures
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1
FOURDRINIER PAPERMAKING BELTS

BACKGROUND OF THE INVENTION

1. Field

This invention relates to the field of papermaking
belts for a Fourdrinier papermaking machine, more
specifically to a papermaking wire made of plastic
members.

2. Description of the Prior Art

In a Fourdrinier papermaking machine, the furnish or
slurry of wood fibers is fed onto a traveling endless belt
or wire which is supported and driven by rolls associ-
ated with the machine. The papermaking belt may be
formed from a length of woven fabric having its ends
seamed together to form an endless belt, or it may be
woven on a loom as an endless belt.

FIG. 1 depicts the forming section of a typical Four-
drinier machine. The papermaking belt is trained about
the breast roll at one end and the couch roll at the other
end, the couch roll being driven to rotate the belt. The
upper run of the papermaking belt is the paper forming
surface (referred to below as the papermaking run) and
travels across table rolls, foils and suction boxes. The
furnish is fed onto the papermaking belt from the head
box and is formed into a continuous web as water is
drained from it while it travels along the belt until it is
removed at the couch roll and transferred to the press
section of the machine for pressing and subsequent
processing. The return run of the papermaking belt
leaves the couch roll and passes across wire return rolis
and an adjustable stretch roll positioned between the
breast and couch rolls.

The increased use of large papermaking machines
has resulted in the Fourdrinier being as large as 100 to
120 feet long (making the papermaking belt having a
circumferential length of 200 to 240 feet) and up to
400 inches wide, and the belt travels at high speeds as
fast as 5,000 feet per minute in the modern machines.

In order to function properly and have a suitable use-
ful life on the machine, the papermaking belt must be
dimensionally stable in both the machine direction and
the cross machine direction (‘*Machine direction’ re-
fers to the direction of travel of the belt from the breast
roll to the couch roll, arrow A in FIG. 1, and the ‘*cross-
machine direction” is perpendicular thereto.) Dimen-
sional instability in the machine direction will cause the
papermaking belt to extend or stretch while dimen-
sional instability in the cross-machine direction will re-
sult in width contraction of the belt.

The stretch characteristic of a papermaking belt is of
importance during both the installation of the belt on
a machine and during the actual operation of the ma-
chine. Installation is generally accomplished by swing-
ing down the breast roll of a machine or partially dis-
mantling the machine, fitting the belt into position and
then stretching it to fit the machine under a specified
tension. Papermaking machines have the capacity to
absorb a certain amount of belt stretch within a de-
signed range; a survey of 85 machines showed 40 per-
cent had a stretch capacity of less than % percent, 28
percent had a stretch capacity of % to % percent, 22
percent had a stretch capacity of % to 1 percent, and
the balance had a stretch capacity of over 1 percent. If
the papermaking belt has an extension greater than the
stretch capacity of the machine it is to be installed on,
the belt must be made shorter than the minimum length
of the machine and the fabric stretched when it is in-
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stalled. However, it is important that extension of the
belt be kept as low as possible in order that the belt not
unduly elongate during operation. The belt is under
tension during operation of the machine, with the ten-
sion on the papermaking run being greater than the
tension on the return run. Typically, low load machines
will have a tension of 30 — 40 pounds per linear inch’
(PLI) on the papermaking run and 15 — 20 PLI on the
return run, medium load machines will have a 50-60
PLI tension on the papermaking run and about 25 PLI
on the return run, and high load machines will have
70-80 PLI tension on the papermaking run and about
35 PLI on the return run.

The tensions developed during operation of the pa-
permaking machine will tend to extend or stretch the
papermaking belt. [f the belt extension is within the:
stretch capacity of the machine, the stretch roll can ad-
just to maintain proper tension on the belt. However,
if the belt extends more than the stretch capacity of the
machine, continued extension of the belt will result in
a decrease in the tension that will cause slippage of the
belt so that it cannot be driven at the designed speed.
A small amount of slippage can cause poor paper trans-
fer and paper breaks when the web leaves the belt to
go into the press section of the machine, and can cause
physical damage to the papermaking belt. If the slip-
page is intermittant, there will be differences in the
weight of the paper web being made on the belt; the
flow of the furnish from the headbox onto the belt is at
a constant speed so that variations in speed of the belt
will result in irregularities in the weight of the paper
being made on the belt due to variation in the amount
of pulp on the wire at any given time. A large amount
of slippage can cause the belt to stall completely or stop
on the machine, thereby causing the pulp in the head
box to overflow the belt and spill onto the floor. While
a large degree of slippage will obviously require an im-
mediate change of the belt, even moderate slippage
which adversely affects the papermaking function of
the belt will require its removal and change, and a low
degree of slippage insufficient to affect the papermak-
ing operation will accelerate wearing of the papermak-
ing belt.

Dimensional instability of the papermaking belt in
the cross-machine direction manifests itself as width
contraction during operation of the machine. Width
contraction is associated with crimp interchange which
takes place between the machine direction strands of
the papermaking belt that are under tension and the
cross-machine direction strands in the belt. As the pa-
permaking belt extends or stretches under tension,
there is a corresponding increment of narrowing or
width contraction of the belt. This may not normally be
a problem with a narrow papermaking machine, but be-
comes a significant problem with machines of in-
creased width. The width contraction of a belt can be
on the order of 0.3 percent, so that a 300 inch wide
be:lt, for example, would exhibit a contraction of almost
1 inch. As the papermaking belt experiences a change
in width from a narrow width on the papermaking run
(high tension) to a wider width on the return run (low
tension), a ridge will develop in the belt on the return
run unless a spreader apparatus such as a Bowd roll is
installed on the machine or unless the papermaking
belt itself has a minimal degree of width contraction.
The ridge will typically form in the center % of the belt
and usually develops because the belt cannot recover
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to the proper width prior to the time it goes over the
first return roll on the machine; since the excess mate-
rial resulting from the width change has to go some-
place, it will normally develop into a raised portion or
ridge. Just a few minutes running of a belt having a
ridge will cause marking of the paper being made on
the papermaking run and will ultimately lead to failure
of the belt in the ridge area. Even though the Bowd roll
corrects this problem, it is a source of maintenance
problems and requires frequent replacement of its rub-
ber cover. In addition, it is either difficult or impossible
to place a Bowd roll in the desired position on many
paper machines. Many papermakers do not like to use
a Bowd roll because of its maintenance problems and
because of having additional equipment that must be
considered when changing the papermaking belt.

The last ten years or so has seen increasing use of
plastic materials for the construction of papermaking
belts, typically plastic monofilaments which are woven
in the desired pattern. Plastic belts exhibit a number of
highly desirable properties which have led to their in-
creased acceptance, and it has been estimated that in
five years or so about 85 percent of the papermaking
machines will utilize plastic papermaking belts. How-
ever, the plastic belts do not have the dimensional sta-
bility of the metal papermaking belts that were typi-
cally used before plastic belts; thus, at a given tension,
the stretch or extension of a plastic papermaking belt,
for example, is greater than that of a metal belt. This
characteristic has led to several processing steps that
are employed to improve the dimensional stability of
the plastic belt.

Typical manufacture of a plastic papermaking belt
involves first weaving the fabric either as an endless
belt or as a flat fabric and then subjecting it to a subse-
quent heat setting operation. The heat setting opera-
tion allows the cross-direction strands to contract,
thereby straightening out the machine direction strands
while increasing the crimp in the cross-direction
strands. This minimizes the crimp interchange as the
belt is running on the machine, and thereby minimizes
or reduces the width contraction of the belt. It is possi-
ble to carry such subsequent heat setting to a stage in
which the machine direction strands are almost
straight. The extension or stretch characteristic of the
fabric is also reduced by the reduction of the crimp in
the machine direction due to such heat setting. In gen-
eral, the straighter are the machine direction strands,
assuming the same number and diameter of strands, the
lower the extension of the fabric will be. This type of
heat setting is often referred to as off-loom heat setting
since it is carried out after the fabric has been woven
on a loom, removed therefrom and arranged in a spe-
cial heat setting apparatus such as a tenter frame.

Off-loom heat setting has a disadvantage in that the
fabric is narrowed substantially during heat setting; this
narrowing can be as much as 20 percent reduction in
the width of the fabric. When measured from the width

-of the fabric as actually woven on the loom, the width
reduction can be as great as 25 percent. This means
that wider looms are required to weave fabrics wide
enough for the large belts now being employed on
‘many papermaking machines. For example, a belt that
was to be 300 inches wide in the finished condition
would have to be made of fabric woven about 400
inches wide if it underwent the off-loom heat setting
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Because off-loom heat setting imposes requirements
for wider looms and extra apparatus for carrying out
the heat setting operation, on-loom heat setting has
been developed to improve the stability of the woven
cloth according to which a heat source is added to the
loom and operated during the weaving operation so as
to heat set the crimp into the fabric as it is being
weaved. However, on-loom heat setting requires high
weaving tensions to physically force crimp interchange
between machine direction and cross direction strands
while on the loom. On-loom heat setting results in a
fabric with an extension under running loads which is
20 to 30 percent greater than that of off-loom heat set-
ting, and the width contraction characteristic of the
fabric (even though utilizing high loom tensions) does
not approach that of off-loom heat set fabric; it is usual
that on-loom heat set fabric will have a width contrac-
tion about three times that of an off-loom heat set fab-
ric. Thus, for example, a 78 mesh cloth with on-loom
heat setting typically will have a width contraction of
0.3 percent, but the same cloth structure when treated
by off-loom heat setting would have a width contrac-
tion of about 0.1 percent, and it is not difficult to obtain
0.05 percent contraction, measured at 30 PLI. On-
loom heat setting also has disadvantages in that the
physical limit of the loom has been reached in some
cases, manufacturing problems arise by reason of work-
ing at the upper limit of the equipment, and there are
restrictions on the number of cross-direction strands
per inch that can be woven into the fabric, so that lati-
tude during weaving would be possible if the tensions
could be varied and one could still obtain good physical
properties to the finished cloth.

SUMMARY OF THE INVENTION

The present invention provides a Fourdrinier paper-
making belt made of synthetic material which resolves
the problems discussed above through the provision of
a fabric wherein the cross-machine strands have a
crimp architecture which differs substantially from that
heretofore employed with synthetic plastic materials as
utilized in papermaking belts. The crimps or knuckles
in the cross-machine strands of a papermaking belt of
this invention, after heat setting, more closely conform
to the machine direction strands in the belt than is the
case with conventional synthetic plastic papermaking
belts, and the cross-machine strands employed in the
papermaking belts of this invention undergo a greater
distortion of cross-sectional shape than is found with
the conventional materials.

It has been found that, according to this invention, a
superior fabric for papermaking belts can be achieved
more efficiently and without loss of dimension, after
weaving and heat setting, by employing for the cross-
machine strands plastic materials distinctly different
from those conventionally used in the manufacture of
papermaking fabrics. Conventional cross-machine
strands are typically made of plastic material that has
moderately high values of either crystallinity or orien-
tation, or both, before weaving which closely approach
their ultimate values of crystallinity or orientation after
weaving and heat setting; in contrast, it has now been
found that the use of plastic material for the cross-
machine strand which in its state prior to weaving has
a low degree of crystallinity or orientation and exhibits -
a proportionately greater percentage increase in crys-
tallinity or orientation upon weaving and heat setting
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leads to a superior fabric and a greater level of con-

formability with the machine-direction strands. Thus,

whereas a typical prior art synthetic plastic polyester
material when used in monofilament form prior :to
weaving and heat setting had a crystallinity of approxi-
mately 80 percent of the crystallinity attained after
weaving and heat setting, the materials employed in the
papermaking belts of this invention would have a poly-
ester monofilament which had a crystallinity before
weaving and heat setting of less than about 40 percent
of its ultimate crystallinity.

Still more specifically, this invention provides for the
construction of Fourdrinier papermaking belts of syn-
thetic polyester materials having a modulus of elasticity
in the woven heat-set condition that is substantially less
than the modulus of commonly used polyester materi-
als, most effectively on the order of or less than 0.95 X
104 psi per 10 percent extension, measured as herein
defined. In general, polyester materials having the
lower modulus in accordance with this invention also
exhibit a higher degree of elongation prior to weaving
and heat setting than conventional polyester materials
employed for Fourdrinier papermaking belts.

DESCRIPTION OF THE DRAWINGS

This invention is more fully described with reference
to the accompanying drawings, wherein:

FIG. 1 illustrates the forming section of a typical

Fourdrinier papermaking machine;

FIG. 2 is a perspective view of a Fourdrinier paper-
making belt;

FIG. 3 illustrates the configuration of a cross-
machine strand in a prior art belt, and FIG. 4 illustrates
a machine direction strand of the same belt;

FIG. § illustrates the configuration of a cross-
machine strand in a prior art belt before heat setting,
and FIG. 6 illustrates a machine direction strand of the
same belt before heat setting;

FIG. 7 illustrates the cross-machine strand of FIG. §
after heat setting; and FIG. 8 shows the strand of FIG.
6 after heat setting;

FIG. 9 illustrates a cross-machine strand of the fabric
of Example 1; and FIG. 10 illustrates a machine direc-
tion strand thereof;

FIG. 11 illustrates a cross-machine strand of the fab-
ric of Example 2; and FIG. 12 illustrates a machine di-
rection strand thereof;

FIG. 13 illustrates a cross-machine strand of the fab-
ric of Example 3; and FIG. 14 illustrates 2 machine di-
rection strand thereof;

FIG. 15 is an enlarged view of a short knuckle of the
fabric of FIG. 9, together with cross-sectional views
thereof; and :

FIG. 16 is an enlarged view of a short knuckle of the
fabric of FIG. 3, together with cross-sectional views
thereof; and

FIG. 17 is a machine direction sectional view of a
double layer Fourdrinier belt made according to this
invention.

DESCRIPTION OF PREFERRED EMBODIMENTS
1. Description of Tests

This description and the claims refers to the terms
“modulus of elasticity’” and ‘“‘elongation” and the fol-
lowing describes the manner in which each of these two
characteristics is measured.
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Modulus of elasticity, sometimes also herein referred
to merely as modulus, is determined by examination of
the tensile load-extension curve of the various materi-
als. This characteristic is employed to compare various
materials after they have been woven and heat set so as
to be in a crimped condition. Because the crimps have
different geometrical configurations, direct compari-
son during the initial stage of extension is not possible
due to the bending which occurs. Therefore, it is only
after the crimp has been substantially pulled out of the
various samples and they are being extended as linear
elements, that a direct comparison of the material
properties is legitimate. Modulus as herein set forth was
measured by employing a 2 inch nominal (or crimped)
gage length sample in an Instron tensile tester, using a
jaw speed of 2 inches per minute, and then drawing a
tangent to the load-extension curve at the extension at
which the crimp has just been substantially removed.
This extension value was determined by direct visual
observation of the specimen with a magnifying glass as
the specimen was undergoing extension. Calculation of
the modulus at this extension must be corrected for the
fact that at the point of removal of the crimp, the actual
gage length or the linear length of the sample between
the jaws of the tester is slightly different for the various
samples because of differences in crimp contraction.
Data are reported as the average of 5 specimens of
each material in terms of psi per 10 percent extension
(psi/10 percent extension).

Elongation at break (‘‘elongation’’) of an unwoven
and non-heat set strand is determined by placing a
specimen of each material in a Scott Model X-3 tensile
tester wherein the material specimen is clamped in Cal-
loway jaws. The sample specimens were 5 inches long
between jaws; and the jaws were pulled apart at the rate
of 20 inches per minute. The elongation of each sample
was measured at break, and data are reported as the av-
erage of 3 specimens for each material.

Extension under load of a woven fabric is determined
by placing a fabric specimen with a 10 inch gage length
and 1 inch width in an Instron tensile tester and pulling
the jaws apart at a crosshead speed of 20 inches per
minute while subjecting the specimen to a load ranging
from 1 to 50 pounds; data reported are the average of
3 specimens of each fabric.

Width contraction refers to the narrowing of a paper-
making belt when subject to tensile loading. Width con-
traction data reported herein represent the percentage
contraction of a belt at a tension of 30 PLI. It is mea-
sured by installing a finished papermaking belt between
rollers on a stretching table that incorporates load cells.
The initial width is measured with the belt under zero
tension. The width of the belt is measured when a ten-
sion of 30 PLI is applied to the belt, and width contrac-
tion is the percentage decrease in width at 30 PLI in
comparison to the initial width of the belt. For exam-
ple, a belt with an initial width (under zero tension) of
300 inches that contracts to 299 inches at 30 PLI ten-
sion has a width contraction of 0.333 percent. The belt
is rotated when under load to allow the area to be mea-
sured to contract, and the width is measured with the
belt stopped but with the load still applied to the belt.
Width measurements for both zero tension and 30 PLI
are made at the same position on the belt.

2. General Description

FIG. 2 illustrates an endless belt 10 utilized as the pa-
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permaking belt for a Fourdrinier machine. The belt 10
is formed of individual machine-direction strands 11
and cross-direction strands 12 which are woven to-
gether in various patterns to provide the finished fabric.
The papermaking belt 10 may be formed from a flat
length of fabric woven on a suitable loom and its ends
seamed together as shown by the dotted lines 13 to
form an endless belt, or the belt may be woven in an
endless condition on appropriate looms. When the belt
is made from a flat fabric that is to be seamed, individ-
ual warps are strung longitudinally on the loom through
a set of heddles and are raised and lowered by move-
ment of the heddles in accordance with the pre-
selected weave pattern to form what are known as tri-
angular sheds. Shute material is carried in a shuttle and
is caused to move transversely of the loom and pass
through the sheds formed by raising and lowering the
warps, after which a lay is actuated to beat the wefts in
the apex of the sheds or the beatline. When woven flat
in this fashion, the warps become the machine-
direction strands of the finished papermaking belt, and
the shutes become the cross-machine direction strands
of the finished belt. If the belt 10 is woven as an endless
belt, the shutes are supplied from one or more shuttles
and woven in the form of a continuous helix about warp
wires which extend lengthwise of the loom, but the end-
less woven material is cut parallel to the shutes so that
the shutes form the machine-direction strands and the
warps the cross-direction strands in the finished belt.

The warp and shute strands are woven together in
various repeating patterns to form the finished belt, the
“plain weave” being one in which each shute passes
successively over one warp and under the next, the
“twill” (or sometimes called semi-twill) weave in which
each shute passes over two warps and under the next
warp, a “‘four-shed’” weave in which each shute passes
alternately over one warp and then under the next
three warps, or a so-called *full-twill” weave in which
each shute passes alternately over two warp strands and
then under two warp strands.

During the weaving process, the shute and warp
strands become crimped or curved to form knuckles.
The shutes (cross-machine direction strands) in a flat-
woven fabric heat set on the loom are generally more
highly crimped than the warps (machine direction
strands) which are slightly crimped to a sufficient de-
gree to allow seaming of the fabric. In endlessly woven
fabric and in flat-woven fabric seamed and heat set off
the loom, the cross-machine direction strands will as-
sume a greater degree of crimp than the machine direc-
tion strands which can be straight or almost straight.

3. Prior Art Papermaking Belts

FIGS. 3 and 4 illustrate shute and warp configura-
tions for a typical prior art papermaking belt as manu-
factured by the assignee of the present application,
wherein the fabric is woven flat on a loom and seamed
to form an endless belt. The fabric illustrated in FIGS.
3 and 4 is of the so called “‘four-shed” weave wherein
each shute passes alternately over one warp strand and
under the following three warp strands. The illustrated
sections are of a fabric woven from polyester monofila-
ment warp material having a 0.20 mm diameter and
polyester shute material having a diameter of 0.25 mm,
in which the fabric was woven in a 78 X 57 mesh, by
which is meant it had 78 warps per linear inch and 57
shutes per linear inch. The warp material was strung
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longitudinally on the loom under a tension of 350
grams per strand, and the fabric was heat set on the
loom using a temperature of 390°F.

The shute as illustrated in FIG. 3 is crimped to have
alternating short and long knuckles. Considering first
the short knuckles S, it will be noted that the geometry
of a knuckle S is such that it has sloping arms intercon-
nected by a bight portion of a relatively large radius of
curvature. A long knuckle L has a larger radius of cur-
vature than knuckle S. A measure of the degree of
crimp in the shute is what is herein referred to as the
plane difference defined as the difference in height be-
tween the bottom surface of a long knuckle of the shute
and the bottom surface of an adjacent warp, which is
indicated as P in FIG. 3. For the specific material illus-
trated herein, this plane difference was 0.0031 inches
wherein the shute knuckle extended below the adjacent
warp. When placed on a papermaking machine, the
long shute knuckle surface of the fabric would be the
wear surface of the papermaking belt.

The woven fabric of FIGS. 3 and 4 showed an exten-
sion under a load of 50 PLI averaging about 1.36 per-
cent. This cloth was woven from shute material of poly-
ester synthetic as typically used, and the shute in its
crimped and heat set condition has a modulus of elas-
ticity of 1.78 X 10% psi per 10 percent extension. The
monofilament material used therein, prior to weaving,
had an elongation of about 48 percent at break.

FIGS. 5-8 are sectional views of another conven-
tional papermaking belt, this time made from fabric
which has been heat-set off the loom after the weaving
process was completed. The fabric of FIGS. 5-8 was
made with the same warp and shute materials utilized
with the fabric of FIGS. 3 and 4, and in the same weave.
As woven on the loom the fabric had a mesh count of
65 X 57. FIGS. 5 and 6 illustrate the shute and warp
configurations, respectively, following weaving but
prior to heat setting. It will be noted from comparison
of these two figures that, at this stage of its manufac-
ture, the shute or cross-direction strand has less crimp
than the warp or machine direction strand. Following
the weaving, the fabric was arranged in a tenter frame
apparatus and subjected to a thermosetting treatment
at 400°-450°F under tension, during which the crimp
interchange caused the mesh count to change to a 75
X §5 fabric, indicating that the fabric narrowed up ap-
proximately 15 percent during the thermosetting oper-
ation. This caused a marked change in the geometry of
the shute and warp strands which are illustrated, re-
spectively, in FIGS. 7 and 8. Comparison of FIG. 7 with
FIG. 5 shows that the shute or cross-direction strand
has now assumed a greater degree of crimp, whereas
comparison of FIG. 8 with FIG. 6 reveals that the warp
or machine-direction strand has straightened out.
These drawings illustrate the substantial crimp inter-
change which takes place between the shute and warp
strands during the thermosetting operation. Compari-
son of the shute configuration in FIG. 7 with the shute
in FIG. 3 indicates that the short knuckles S of the fab-
ric as shown in FIG. 7 have more vertical arms and
therefore a shorter radius of curvature in comparison .
to the short knuckles of the shute of the fabric of FIG.
3. The fabric of FIGS. 5-8 had an extension at 50 PLI
of 1.1 percent. The shute in its woven and heat set con-
dition had a modulus of elasticity of about 1.18 X 10*"
psi/10 percent extension and prior to weaving had an
elongation of about 48 percent at break.
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4. Fabric of Present Invention

The present invention provides Fourdrinier paper-
making belts utilizing fabric wherein cross-direction
strands or shutes having different knuckle configura-
tions than the shute strands illustrated in FIGS. 3-8 are
obtained through the use of shute materials having a
different deformation characteristic than the shute ma-
terial of the fabrics of FIGS. 3-8. More particularly,
polyester materials employed as the shutes or cross -
machine strands in Fourdrinier belts of this invention
have a significantly higher elongation at break in their
unwoven state than in the typical prior art shute mate-
rial. Further, the polyester cross-direction strands in
the belts of this invention have a much lower modulus
of elasticity measured in their woven and heat set state
upon removal of crimp than the modulus of the shutes
of the preceding prior art fabrics.

In the following examples various polyester materials
are used as the cross machine direction strands to
weave Fourdrinier cloth in the same pattern and with
the same warp material as the fabrics illustrated in FIG.
3-8. Shute strands in the following examples have a di-
ameter of 0.25 mm and the warp strands have a diame-
ter of 0.20 mm. The fabrics were woven flat and heat
set while on the loom at a temperature of 390°F. Exam-
ples 1-5 illustrate the desired reduced extension under
load of the finished fabric, and Examples 6-8 illustrate
the desired reduction in the width contraction obtained
through utilization of the present constructions in com-
parison to the prior art construction of Example 9.

EXAMPLE 1

Polyester monofilament having an elongation of
about 111 percent was woven as the shute into Fourdri-
nier fabric wherein the warp strands were strung on the
loom under a tension of 175 grams per strand. The
woven fabric had a mesh of 79 X 51, i.e. 79 warp
strands per linear inch and 51 shute strands per linear
inch. The woven fabric had an extension of 1.02 per-
cent. The plane difference, P, was 0.0044 inches. The
shute in the woven fabric had the configuration illus-
trated in FIG. 9 and the warp strand had the configura-
tion illustrated in FIG. 10.

EXAMPLE 2

Polyester monofilament having an elongation of
about 105 percent was woven as the shute into a 79 X
55 mesh Fourdrinier fabric wherein the warp strands
were strung on the loom under a tension of 300-310
grams per strand. The finished fabric had extension of
1.02 percent. The plane difference, P, was 0.0044
inches. The shute strands in the woven condition had
a configuration as shown in FIG. 11 and the warp
strands a configuration as shown in FIG. 12.

EXAMPLE 3

Polyester monofilaments having an elongation of
about 96 percent were woven as the shute into Fourdri-
nier fabric having a 79 X 55 mesh. The warp strands
were strung on the loom at a tension of 340-350 grams
per strand. The finished fabric had an extension of 1.1 1
percent, and the plane difference, P. was 0.0038
inches. In the finished fabric, the shute strands had the
configuration of FIG. 13, and the warp strands the con-
figuration of FIG. 14.
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EXAMPLE 4

Fourdrinier cloth in a 79 X 55 mesh was woven from
polyester monofilament having an elongation before
weaving of about 125 percent as the shute and with the
warp under a tension of 200-210 grams per strand. The
fabric had an extension of 1.2 percent and a plane dif-
ference, P, of 0.0039 inches. The warp and shute con-
figurations in the woven condition were similar to those
of FIGS. 9-14.

EXAMPLE 5

The extension of the fabric generally varies with the
loom tension applied to the warps when the fabric is
woven flat. Thus fabric according to Example 2 when
woven in a 78 X 56 mesh at a loom tension of 250-260
grams per warp strand had an extension of 1.13 percent
with a plane difference of 0.0040 inches, and when
woven in a 79 X 53 mesh at 200-210 grams per warp
strand had an extension of 1.3 percent and a plane dif-
ference of 0.0034 inches. Fabric according to Example
3 when woven in a 78 X 56 mesh at a warp tension of
280-290 grams per strand had an extension of 1.16
percent and a plane difference of 0.0034 inches. In
general, the extension of the finished fabrics decreases
with an increase in loom tension and the short knuckles
of the shutes have a sharper configuration with more
vertical side portions and a bight portion with a shorter
radius of curvature.

It should now be pointed out that the materials used
for the cross-direction strands of the Fourdrinier fab-
rics of this invention have a significantly lower modulus
of elasticity in the woven and heat set condition than
the prior art shute materials described above in refer-
ences to FIGS. 3-8. This distinction is set forth in the
following Table 1.

Table 1

Cross-Machine Strand Material Modulus of Elasticity

Example 1 0.82 X 10%psi/10%extension
Example 2 0.85 X 10%psi/10%extension
Example 3 0.88 X 10'psi/10%extension
Example 4 0.72 X 10%psi/10%extension
FIGS. 3-4 1.78 X 104psi/10%extension
FIGS. 5-8 1.18 X 10*psi/10%extension

The machine direction strands of the above fabrics
had a higher modulus of elasticity (psi/10 percent ex-
tension) than the cross-machine strands, all measured
at an extension at which their crimp was substantially
removed: Example 1, 2.81 X 10* psi; Example 2, 3.02
X 104 psi; Example 3, 2.71 X 10* psi; and FIGS. 5-8
3.56 X 10* psi.

Examples 6-9 present width contraction data of
Fourdrinier belts which were made from fabric woven
flat and seamed to form the endless belt. Fabrics of Ex-
amples 6-8 are according to the present invention,
while the fabric of Example 9 is typical prior art fabric.
In each of the examples, the finished belts were woven
in a 78 X 55 = 2 mesh. The warp material was 0.20 mm
in diameter and had an elongation of 20 percent in the
unwoven condition. The fabrics were heat-set while on
the loom at a temperature of 390°F.

EXAMPLE 6

This example utilizes the shute material of Example
| with fabric woven under a warp tension of 190-210
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grams per strand. The extension of the woven fabric
was 1.05 percent. The width contraction of the belt was
0.111 percent.

EXAMPLE 7

The shute material of Example 2 was utilized to
weave a fabric in which the warp strands were under a
loom tension of 310 grams per strand. The extension of
the finished belt was 1.08 percent. The width contrac-
tion of the belt was 0.081 percent.

EXAMPLE 8

The shute material of Example 3 was woven into fab-
ric utilizing a warp tension of 350 grams per strand.
The extension of the finished belt was 1.00 percent and
the width contraction of the finished belt was 0.240
percent.

EXAMPLE 9

Shute material as typically used in prior art plastic
Fourdrinier belts comprising a polyester monofilament
having an elongation in the unwoven state of about 48
percent was woven into a fabric utilizing a warp tension
of 350 grams per strand. The extension of the finished
material averaged 1.35 percent, and the width contrac-
tion was 0.30 percent.

With the fabrics set forth in Examples 6-8, the con-
figuration of the crimped shute and warp strands had
substantially the same geometry as the strands illus-
trated in FIGS. 9-14.

EXAMPLE 10

The preceding examples have been single layer Four-
drinier belts, but the present invention may also be em-
bodied in double layer belts. A belt of such construc-
tion is illustrated in FIG. 17 made in a 143 X 92 mesh
in a so-called seven shed pattern (other patterns may
be used), and it will be noted there are two layers of
cross-direction or shute strands extending across the
fabric. The machine direction strands and the cross-
direction strands were both 0.20 mm in diameter. The
warp material was the same as used in the previous ex-
amples, and the shute material was that of Example 1.
This fabric was tested for abrasion resistance and coef-
ficient of friction by rotating a ceramic cylinder against
a sample of the fabric held under load and having ap-
plied to it a slurry of abrasive particles. The tension is
held constant and the horsepower to drive the cylinder
is measured, with the test continued until the samples
are completely destroyed. The fabric of this example
had an abrasion resistance that was 85 percent higher
than the abrasion resistance of the same fabric con-
struction made with the prior art shute of FIG. 3, and
there was a 20 percent reduction in its coefficient of
friction. The fabric of this example was heat set off the
loom at about 350°F.

Fourdrinier belts according to the present invention,

_as described above in Examples 1-8 and 10, are thus
made from polyester machine direction or warp strands
which have a low elongation in the unwoven state in the
range of about 15-25 percent at break and polyester
cross-direction or shute strands which have a high elon-
gation in the unwoven state of at least about 90 percent
at break, with from about 95 to 130 percent being an
effective more specific range; in comparison, prior art
cross-direction strand materials usually have an elonga-
tion in the range of 40 to 50 percent at break. In the
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woven and heat set condition, the cross-direction
strands of the Fourdrinier fabrics of the present inven-
tion have a modulus of elasticity of less than about 0.95
X 10* psi per 10 percent extension, particularly in the
range of about 0.55 to 0.90 X 10* psi per 10 percent ex-
tension. As disclosed above, the modulus of the shute
materials in Examples 1-4 ranged from 0.72 to 0.88 X
104 psi per 10 percent extension, and the shute material
of Example 4 when heat set off the loom at 375°F had
a modulus of 0.55 X 10* psi per 10 percent extension.
In comparison, prior art shute materials have a modu-
lus of elasticity greater than 1.0, or particularly in the
range of about 1.18 to 1.78 X 10 psi/10 percent exten-
sion and heat set condition. Polyester materials of the
character utilized in the present invention are made
from a general purpose industrial or tire cord grade
polyester which can have an intrinsic viscosity from
about 0.6 to 0.96, such as polyethylene terephthalate.
The resin is extruded in melt form at about 300°C in a
conventional extruder using melt spin pumps and spin-
nerettes, and quenched in a water bath; up to this stage,
the manufacturing process is similar to that used for
conventional polyesters for Fourdrinier fabrics. How-
ever, following this point, conventional polyesters uti-
lize a high draw ratio of about 5:1 usually accomplished
in two steps, with the first draw in hot air or hot water
about 90°C and the second at about 6° higher followed
by a shrinking step at about 225°C. In contrast, the
shute materials of the present invention are drawn in
hot water at 90°C at a lower draw ratio in the range of
about 3.3:1 to provide a 50-70 gram draw tension in
order to obtain drawing without neck-down, and the
polyester is dried in warm air at 45°C.

In the woven condition, the cross-machine direction
strands in the fabrics of the present invention develop
a different knuckle configuration than the typical prior
art cross-machine strands. This is best illustrated with
reference to FIGS. 15 and 16, wherein FIG. 15 shows
a typical short shute knuckle, S, of the fabrics of Exam-
ples 1-8 together with several sections along the
knuckle. It will be noted first of all that the knuckle is
characterized as having relatively vertical side arm por-
tions interconnected by a bight portion having a small
radius of curvature. Examination of the woven strand
shows there is considerable necking-down of the cross-
sectional shape of the strand in portions of the knuckle.
This is further illustrated by the sections A-D shown in
connection with FIG. 15 wherein it will be noted that
the strand progresses from a round cross-section
through flattened or elliptical cross sections until it
reaches its most flattened condition at the top of the
short knuckle as shown by Section D. FIG. 16 illus-
trates a short knuckle, S, in a cross machine strand of
a fabric as described above with reference to FIGS. 3
and 4. This knuckle has side arm portions having a
greater degree of slope than the knuckle of FIG. 15,
and which are connected by a bight portion that has a
relatively larger radius of curvature in comparison to
the corresponding bight of the knuckle of FIG. 15. The
cross sectional views E~-H in connection with FIG. 16
show that the strand progresses from a round cross sec- -
tion as in section E through elliptical sections which
have a greater degree of roundness than the corre-
sponding sections in the knuckle of FIG. 15. (The sec-
tional views of FIGS. 15 and 16 were taken from photo- -
micrographs of a straig}iténed woven strand, but they
are representative of the final product.) It can be seen
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that the shute of FIG. 15 has very severe distortion of
cross-section in the vicinity of the short knuckle, but
the conventional shute of FIG. 16 has a'much lesser de-
gree of such distortion. The degree of distortion can be
measured roughly by the ratio of the longest to the
shortest axis of the most deformed sections, and it has
been computed that this ellipticity ratio was about 2.1
for the shute of FIG. 15, but only about 1.5 for that of
FIG. 16. Turning again to FIG. 15, it will also be noted
that while the shute flattens along its outer surface at
section B, it flattens on its opposite or inner surface at
section D. as it passes over the warp. That the knuckles
of the fabrics of Examples 1-8 are sharper than those
of FIGS. 3 and 4 is further shown by the plane differ-
ence, P. As P increases, the shute extends further be-
yond a warp, hence indicating a more sharply defined
knuckle geometry. The following Table 2 illustrates
this change in P. : -

Table 2
Fabric Plane Difference, P. % Increase in P
FIG. 3 0.0031 inches —
Example 1 0.0044 inches 42%
Example 2 0.044 inches 42%
Example 3 0.0038 inches 23%

tUmeasured relative to P of the fabric of FIG. 3.

It is believed that the unique knuckle geometry ob-
tained with the cross-direction strands in accordance
with this invention yields the reduced extension under
load, the diminished width contraction and other useful
characteristics of the Fourdrinier belts herein dis-
closed.

Fourdrinier belts according to the present invention
can be made in any of the weaves and mesh size ranges
typically used for Fourdrinier papermaking machines.
The machine direction and cross-direction strands can
vary in diameter and type (i.e. monofilaments, twisted
yarns, etc.), and double layer Fourdrinier belts can also
be made in addition to the single layer belts, as illus-
trated in the drawings. Successful Fourdrinier belts ac-
cording to the present invention have been made in a
range of sizes; for example, belts from 136 inches to
270 inches wide have been made, designed for paper-
making machines operating at speeds of 1500 to 2700
feet per minute, utilizing machine direction strands
having a diameter ranging from 0.17 to 0.30 mm and
cross-machine direction strands ranging from 0.20 to
0.35 mm in diameter. The fabrics may typically range
from about 40 to 100 mesh and the shute strands may
typically range from about 0.125 to 0.45 mm in diame-
ter.

Fourdrinier belts according to the present invention
exhibit a number of significant advantages which ac-
crue to the advantage of both the manufacturer of the
belt and the papermaker who must use it on a machine.
The manufacturer is able to produce a Fourdrinier belt
which has a low percentage of machine direction exten-
sion and low width contraction and is able to do so
while operating his looms at warp tensions that are well
within the mechanical limitations of the looms. This
can prevent overstressing and damage to the looms.
The manufacturer is able to obtain a Fourdrinier cloth
with these desirable characteristics while still maintain-
ing a fabric construction utilizing a warp which has suf-
ficient crimp to form a seamable material, thereby en-
abling the manufacture of belts from flat woven fabric.
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On the other hand, the present invention also lends it-
self to manufacture of the belt woven in the endless
loop condition. Further, the manufacturer of the Four-
drinier belts is able to obtain a desirable type of cloth
without resorting to off-loom heat setting; thereby ob-
viating the extra apparatus and handling associated
with such technique. Instead, they can produce an
equivalent cloth using on-loom heat setting. Naturally,
however, the present fabrics can also be made with off-
loom heat set treatment if so desired. A further advan-
tage is that wide Fourdrinier fabrics can be woven flat
on a loom utilizing on-loom heat setting so that it is not
necessary to make a cloth 20 to 30 percent wider than
its finished width, thereby significantly increasing the
capacity of existing looms to make the Fourdrinier
belts suitable for wide papermaking machines.

The reduction in extension possible with the Fourdri-
nier belts as herein described is best demonstrated by
comparison of the extension data for the fabrics of Ex-
amples 1-3 with that of the prior art fabrics of FIGS.
3-4 as set forth below in Table 3.

Table 3
Fabric Extension % decrease in extension‘?’
FIGS. 3-4 1.36% —
Example 1 1.02% 25%
Example 2 1.02% 25%
Example 3 1.11% 18%

thdetermined in comparison to extension of fabric of FIGS. 34.

Additionally, it should be noted that the extension of
the fabrics of Examples 1-3 is equal to or less than the
extension of the off-loom heat set fabric of FIGS. 5-8
(which was 1.1 percent).

The improvement in width contraction attainable
with the present fabrics using on-loom heat setting is
shown in Table 4.

Table 4

% Reduction in Width

Belt Width Contraction Contraction‘
Example 9 0.30% —
Example 6 0.11% 63%
Example 7 0.081% 73%
Example 8 0.240% 20%

determined in relation to width contraction of belt of Example 9

The foregoing reduction in width contraction with
the belts of Examples 6-8 is significant and allows the
use of such belts on papermaking machines without the
need to also use a bowd roll or similar additional appa-
ratus. Further, the present fabrics allow the use of the
on-loom heat set treatment technique to provide fab-
rics that have the width contraction characteristic of an
off-loom heat set material; thus, the belts of Examples
6 and 7 in particular have a width contraction on the
same order, or less in some instances, of a fabric that
underwent off-loom heat setting. '

The above advantages further provide a Fourdrinier
belt which has an increased running life in that it can
be maintained on the papermaking machine for a
longer time before replacement. This is of interest to
the paper manufacturer because of reduced expenses
with respect to the belt and of the reduction in the loss
of machine down time necessitated by the change of a
belt. Thus, the increased plane difference, P, reported
above in Table 2 means that more of the shute knuckle
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is available to take the wear before reaching the warp
knuckles. The plane difference, P, as reported herein,
is on the wear surface of the papermaking belt which
travels over the various rollers, suction boxes, and
other equipment associated with the papermaking ma-
chine. As one example, a 54 X 38 mesh belt that was
177 inches wide and 128 feet long was installed on a
Kraft papermaking machine and operated at 2,000 feet
per minute.

The belt was made with 0.30 mm. diameter warp and
0.35 diameter shute of the same materials used in Ex-
ample 1, and in the same weave; it had an extension of
0.86 percent and a width contraction of 0.109 percent.
The average life of a prior art belt as of FIGS. 3-4 on
the machine had been 35 days, but the belt according
to the present invention ran 70 days before there was
a machine malfunction which ruined the belt, but there
was no malfunction of the belt itself. Laboratory analy-
sis of the belt at the end of the 70 days indicated that
41 percent of the belt remained for running, and it was
further estimated that the belt would have run over 100
days if it had not been damaged by the machine. In a
second example, a 78 X 52 mesh belt with a 0.20 mm.
diameter warp and 0.25 mm. diameter shute according
to FIGS. 3-4 was installed on a machine and operated
for 60 days before being worn out. In contrast, a belt
of the same structure utilizing shute material as in Ex-
ample 1 was installed on the same machine and oper-
ated for 121 days before removal, which doubled the
life in this particular installation; the belt had an exten-
sion of '1.2 percent and a width contraction of 0.111
percent.

The reduction in coefficient of friction and increase
in abrasion resistance of the double layer fabric of Ex-
ample 10 indicates additional advantages of a Fourdri-
nier belt made according to this invention. These re-
sults were not predicted, and it is felt they presage ad-
vantages in addition to those of dimensional stability
and others as discussed previously. A further example
of additional utility is indicated by the following: A
Fourdrinier fabric in a full twill weave (in which each
shute passes over two warps and then under the next
two warps) was woven using the conventional polyester
monofilament as in the fabrics of FIGS. 34 in a 55 X
36 mesh using 0.30 mm. warp and 0.35 mm. shute
strands. The fabric was unsatisfactory for its intended
use because it had an extension of 1.14 percent and the
warp knuckles on the wear side protruded beyond the
shute knuckles a distance of 0.0024 inch, so that they
had to take the wear of the fabric instead of the shute
knuckles which is the more desirable condition. The
same fabric was woven with a shute of a polyester of
this invention having an elongation of about 105-1 i0
percent in the same mesh using 0.27 mm. warp and
0.35 mm. shute, woven with a warp tension of 600
grams/strand. The resulting fabric had an extension of
only 0.80 percent. Furthermore, and most importantly,
the shute knuckle of this fabric of the present invention
protruded beyond the warp knuckles on the wear side
to have a plane difference, P, of 0.0031 inch; thus,
there was a complete shift of the wear of the cloth to
the shute knuckles instead of the warp knuckles taking
the wear as in the above fabric. Even though it used a
smaller size warp strand, the fabric was a substantial
improvement and makes it possible to offer a commer-
cially acceptable fabric of this weave so that, in this in-
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stance, the present invention provided a useful Fourdri-
nier fabric which had not been previously attainable.

The foregoing detailed description has thus set forth
new woven Fourdrinier belts made from machine di-
rection strands and cross-machine direction strands of
heat-set synthetic plastic material wherein the cross-
machine direction strands are monofilaments of a poly-
ester synthetic plastic material having a modulus of
elasticity of less than about 0.95 X 104 psi per 10 per-
cent extension, and the machine direction strands are
monofilaments of a polyester material weavable with
the cross-direction strands and having a modulus of
elasticity greater than about 1.0 X 10* psi per 10 per-
cent extension. The modulus of elasticity is measured
as defined hereinabove on the woven heat-set strands
after they have been straightened from their crimped
condition. A particular range for the modulus of the
cross-direction strands disclosed is from about 0.55 to
0.90 x 10 psi/10 percent extension. The modulus of
elasticity of the machine direction strands is to be
greater than that of the cross-machine direction
strands, particularly greater than about 1.0 X 104 psi/10
percent extension. Machine direction strands with
moduli in the range of about 2.71 to 3.56 X 10* psi/10
percent extension are shown in connection with Table
1, although machine direction strands with moduli
above and below such range are considered useful with
the disclosed fabrics. It is presently expected that there
is a = 5 percent range of error in the modulus data as
reported herein, and the term “about’’ is used in refer-
ence to such numerical data to refer to such experi-
mental error; all modulus data is measured at an exten-
sion of a woven heat-set strand after it has just been
straightened to remove any crimp in it. The Fourdrinier
belt may be woven in any of the weaves used in the
Fourdrinier art, and can be made in single layer and
double layer (i.e. two layers of cross-machine direction
strands) constructions.

We claim:

1. A woven Fourdrinier papermaking belt made of
machine direction and cross-machine direction strands
of heat-set synthetic plastic monofilament material,
comprising the combination of:

1. cross-machine direction strands of synthetic poly-
ester material having, in their woven and heat-set
condition, a modulus of elasticity of less than about
0.95 X 10* psi per 10 percent extension, measured
as herein defined; and

2. machine direction strands of synthetic polyester
material weavable with the cross-machine direc-
tion strands and having, in their woven and heat-set
condition, a modulus of elasticity greater than
about 1.0 X 10* psi per 10 percent extension mea-
sured as herein defined.

2. A Fourdrinier papermaking belt according to

claim 1 wherein:

the cross-machine direction strands have a modulus
of elasticity in the range of about 0.55 t0 0.90 X 104
psi per 10 percent extension.

3. A Fourdrinier papermaking belt according to
claim 1, wherein: the cross-machine direction strands
have a modulus of elasticity of about 0.82 X 10 psi per
10 percent extension.

4. A Fourdrinier papermaking belt according to
claim 1, wherein: the cross-machine direction strands -
have a modulus of elasticity of about 0.85 X 10 psi per
10 percent extension.
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5. A Fourdrinier papermaking belt according to
claim 1, wherein: the cross-machine direction strands
have a modulus of elasticity of about 0.88 X 10 psi per
10 percent extension.

6. A Fourdrinier papermaking belt according to
claim 1, wherein: the cross-machine direction strands
have a modulus of elasticity of about 0.72 X 10* psi per
10 percent extension.

7. A woven Fourdrinier papermaking belt made of
machine direction and cross-machine direction strands
of heat-set synthetic plastic monofilament material,
comprising the combination of:

1. cross-machine direction strands of synthetic poly-

ester material having an elongation at break of at
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least about 90 percent in their non-woven and non-
heat set condition, and further having a modulus of
elasticity of less than about 0.95 X 104 psi per 10
percent extension in their woven and heat-set con-
dition, both the elongation and modulus measured
as herein defined and

2. machine direction strands of synthetic polyester
material weavable with the cross-machine direc-
tion strands and having, in their woven and heat-set
condition, a modulus of elasticity greater than
about 1.0 X 10* psi per 10 percent extension mea-

sured as herein defined.
* * * * *



