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This invention relates to a machine for transversely 
stretching webs of ?bers, and particularly to such a ma 
chine capable of effecting uniform, controlled cross 
stretching of a web of ?bers in such a way that the ?ber 
distribution in the resultant web is approximately as uni 
form as it was in the starting ?brous web. 
Although the machine of the present invention is pri 

marily designed for uniform cross-stretching of unbonded 
webs of nonwoven ?bers, it can be used to perform this 
operation on wet prebonded nonwoven webs, dry non 
woven webs, and the like. If desired, the machine may 
also uniformly transversely stretch a web of ?bers while 
simultaneously longitudinally shrinking the web. 
Nonwoven fabrics are conventionally manufactured 

at the present time by producing a more or less tenuous 
web of loosely associated textile ?bers disposed in sheet 
form (using any one of a variety of well-known proce 
dures) and then bonding the sheet or web, to anchor or 
bond the individual ?bers together. The conventional 
base material for such nonwoven fabrics is a web com 
prising any of the common textile-length ?bers or mix 
tures thereof. The web may comprise natural ?bers, such 
as cotton, wood, wool, jute, ramie, or abaca, or arti?cial 
?bers of viscose rayon, cuprammonium rayon, cellulose 
acetate, nylon, Dynel, or other materials, either ‘alone or 
in combination with one another. The length of the in 
dividual ?bers depends upon the ultimate purpose for 
which the web is intended. Ordinarily the ?bers vary 
from approximately one-fourth to one-third of an inch 
as the lower limit to approximately two or more inches in 
staple length. 

These ?bers are customarily processed into web form 
by one of two general techniques, i.e., carding or the like 
to form an “oriented” web, or air-laying to form an 
“isotropic” web. 

“Oriented” webs are made by passing the ?bers through 
a conventional card to form a web or sheet of loosely 
associated ?bers, and then superposing a plurality of 
these webs to provide a laminated web weighing ap 
proximately from 100 to 5000 grains per square yard. 
This web or sheet of ?bers is produced continuously with 
most of the ?bers substantially parallelized or oriented 
in the “machine direction,” i.e., in the direction in which 
the product moves continuously from the sheet-forming 
machine. A web possessing substantially uniform den 
sity, wherein the ?bers are distributed substantially uni 
formly throughout the area of the web, can be produced 
at relatively high speeds by this technique. 

In a web produced as just described, it is dif?cult to 
measure ?ber orientation directly because the individual 
?bers thereof are curled and bent, with various segments 
of the ?bers extending in various directions. However, 
a kind of average orientation may be ascertained which 
is helpful in describing the physical characteristics of the 
web. This characteristic is called the “degree of ?ber 
orientation.” The “degree of ?ber orientation” is de 
termined by bonding the web uniformly with a material 
such as starch, drying the bonded web, measuring tensile 
strengths lengthwise 'and crosswise of the resulting fabric, 
and then computing the percentage of lengthwise or long 
strength of the fabric to its total strength. Total strength, 
for this purpose, is the sum of the tensile strengths in the 
long and cross directions. Thu-s, when long and cross 
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tensile strengths are equal, the degree of “?ber orienta 
tion” is 50 percent. 

Something more can be said generally ‘about the posi 
tions in which the various ?bers lie in the plane of the 
web. In a web wherein most of the ?bers are substan 
tially parallelized along the longitudinal axis of the web, 
the average angle between that axis and the individual 
?bers of the web is substantially zero. When an indi 
vidual ?ber is reoriented by the method of this inven 
tion to be described below, it is generally moved into a 
new position in which the angle it makes with the lon 
gitudinal axis of the web is increased. Thus the com 
bined effect of the movement of all the ?bers that are 
reoriented in the web is to increase the average angle be 
tween the longitudinal axis of the rearranged web and 
all the various ?bers contained in the web. The frictional 
resistance between the individual ?bers of any unbonded 
web to be processed in the machine of this invention is 
preferably low enough to permit rearrangement of the 
?bers in this way in the plane of the web without rupture 
of the web structure. 
The bonding operation by which an oriented web is 

customarily converted into a fabric may be accomplished 
in one of several different ways. For example, one 
method is to impregnate the web over its entire width with 
various well~known bonding agents, such as, natural or 
synthetic resins. Another method is to print nonwoven 
webs with continuous straight or wavy lines of binder 
extending transversely or obliquely across the web. Still 
another method is to imprint on the web a discontinuous 
binder pattern, consisting of discrete, physically sep 
arate areas of binder, arranged in a staggered pattern. 

Regardless of the bonding method use in producing a 
fabric directly from a web of oriented textile ?bers, 
fabrics so formed have been subjected to a major dis— 
advantage: The starting web, and thus also the resulting 
fabric, are “non-isotropic” in respect to their physical 
properties. In particular, ‘the tensile strength of the re 
sulting fabric transverse to the direction of ?ber orienta 
tion (its “cross strength”), is very much less than the 
tensile strength of the fabric in a direction parallel to the 
?ber orientation (its “long strength”). As a result, 
oriented nonwoven fabrics heretofore have been charac 
teristically weak in the cross direction, tending to rip or 
tear when the web is subjected to even a moderate cross 
extensional stress. 
Various techniques have been proposed for forming 

webs wherein the ?ber orientation is more or less random. 
These webs may be bonded to form “isotropic” nonwoven 
fabrics wherein the long and cross strengths are approxi 
mately equal. Conventionally, the ?bers are dispersed 
in an air stream which is ?owed through a continuously 
moving foraminous collecting member which in turn sep 
arates and removes the ?bers from the stream. The ?bers 
are deposited on the collecting member in the form of a 
web or layer which may be removed therefrom for bond 
ing purposes. 

Since, in air-laying, positive mechanical control of the 
?bers is not maintained during the time they are being 
carried in a stream or projected to the collecting mem~ 
ber, considerable dif?culty has been experienced in at 
tempting to obtain a web having a uniform distribution. 
This is particularly true of light-weight Webs wherein lack 
of uniformity will result in serious local weaknesses and 
even holes. While attention has been given to this dif 
?culty in connection with the methods and apparatus dis 
closed in Plummer et al. United States Patents 2,676,363 
and 2,676,364, the basic problem of controlling web uni 
formity is inherent in air deposition systems, particularly 
at normal economical production speeds for fabrics of 
this type. 
There are also a number of machines for cross-stretch 
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ing oriented webs either with or without concurrent long 
shrinking. Generally, such machines have some type of 
stretchable carrier which is alternately stretched and 
relaxed a number of times. Very often the stretchable 
carrier materials will not resist the repeated stretching and 
relaxing operation and lose adequate control over the 
cross-stretching of the ?brous web. Also the lack of con 
trol or poor control of the prior art machines do not uni 
formly cross-stretch the web, but rather over stretch the 
weak areas, and in fact, sometime rupture the web while 
failing to adequately cross-stretch the heavy areas of the 
web. 

In accordance with the present invention, an unbonded 
Web having a substantially uniform density throughout 
the area thereof formed of loosely associated textile ?bers, 
such as, a carded web made from a multiplicity of super 
posed conventional card webs, which carded web weighs 
from approximately 100 to 5000 grains persquare yard, 
in which the ?bers are predominantly parallelized or 
oriented in the long direction, is subjected to’ a cross 
stretching operation to move the originally parallelized 
?bers into a reoriented arrangement with the average angle 
between individual ?bers and the longitudinal axis of the 
web increased. ‘ 

The cross-stretching is effected in a direction substan 
tially normal to the original direction of ?ber orienta 
tion. This operation results in a deformation of the web 
in the plane thereof, increasing its dimensions transverse 
to the direction of the originally parallelized ?bers. If 
the original web is overfed to the machine of the present 
invention, the web while being stretched crosswise will 
also shrink in a lengthwise direction. 
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During this web deformation, the ?bers in the web are i 
moved into reoriented positions, but in their new positions 
they still remain individually interminged, overlapping and 
crossing other individual fibers in the web in frictional 
and mechanical engagement therewith. 

Furthermore, in accordance with the present invention, 
the distribution of ?bers in the web While being reduced 
by the crosswise stretching remains substantially uniform. 
The controlled cross-stretching of the web of the present 
invention does not allow over-stretching of the weak spots 
and under-stretching of the heavy spots but rather uni 
formly cross-stretches the entire web. 

, The reoriented web formed by the cross-stretching op 
eration of the present invention, and then bonded to form 
the reoriented, nonwoven fabric of the present'invention, 
brings about in the said fabric an increase in the strength 
of the fabric in the cross direction (the Width), i.e., trans 
verse to the direction of the originally parallelized ?bers 
in the web. 'In other words, the reoriented web has the 
potential of being converted by bonding into a nonwoven 
fabric having an increased tensile strength in the cross di 
rection as compared to the oriented nonwoven fabrics of 
the prior art. - 
The term “potential” tensile strength as applied to a 

web in the following description refers to the tensile 
strength of the fabric formed by bonding the ?bers of a 
web into a unitary structure. The cross strength of the 
fabric is increased to the extent that the originally paral 
lelized ?bers in the web are moved or oriented away from 
the parallel. 

In the reoriented web the density, while in most in 
stances is reduced, is substantially uniform throughout the 
area thereof regardless of the thickness of the web or the 
speed at which it is produced. The preferred reoriented 
web is one wherein the average angle between individual 
?bers and the longitudinal axis of the Web is increased to 
the point Where the “degree of ?ber orientation” is reduced 
to approximately 50 percent. A web approaching this 
preferred form in structure is capable when bonded of 
providing a long-to-cross tensile strength ratio of approxi 
mately one. This preferred web may be called a “pseudo 
isotropic” web, because its potential tensile strength is 
of the same general order of magnitude in all directions, 
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being in fact substantially equal when measured‘ along the 
two major axes at 90° to each other, i.e., the longitudinal 
and transverse axes of the web. Thus, the rearranged 
?ber web acts very much like a true “isotropic” web, 
and may for this reason be referred to as a “pseudo 
istotropic” web. _ 

In one embodiment of the present invention as the ?bers 
of the original oriented web are reoriented to reduce the 
“degree of ?ber orientation,” the increased width of the 
web may be more or less compensated for by an accom 
panying long shrinking thereof, with the result that the 
reoriented pseudo-isotropic web may have an area sub 
stantially the same as the area of the starting conventional 
card web. If desired, the amount of long-shrinking may 
be controlled so as to compensate as nearly as possible 
for the cross-stretching, so as to keep the web area and 
web density substantially constant. ' 

In accordance with the present invention and in its pre 
ferred form, the machine comprises a series of conveyor 
surfaces moving in the same plane and in the same gen 
eral direction and in diverging paths. The conveyor sur 
faces have pins or points extending therefrom. A ?brous 
web placed on the narrow end of the conveyor surfaces 
is grabbed or controlled over substantially its entire area 
by the pins and as the web is conveyed, the pins move 
away from adjacent pins, thus cross-stretching the web 
uniformly over its entire area. The web is removed from 

' the wide end of the conveyor surfaces and in its cross 
stretched form moved on for further processing. 

In the preferred machine the conveyor surfaces are 
made from a continuous narrow endless belt which passes 
a successive number of times about a pair of spaced apart 
rotating rolls. The surfaces of the belt are spaced closer 
together at the roller, at the feed end of the machine and 
diverge from each other as they extend to the roller at 
the take-off end of the machine. The endless belt allows 
each surface ?ight of the belt to be the correct distance 
as there is a slight difference in the length of each surface 
?ight caused by the diverging paths the surface ?ights 
follow. Furthermore, the endless belt allows all surface 
?ights to be placed under uniform tension by simply 
placing the endless narrow belt under tension. In the 
preferred embodiment of the machine‘ of the present in 
vention, there is no component which is alternately 
stretched and relaxed, and hence, the machine is not sus 
ceptible to the attending di?iculties of change in degree of 
stretch but rather continually and uniformly cross-stretches 
?brous webs over extended periods of time. - 
The pins or tapered implements on which the web is 

embedded in the machine of the present invention are 
spaced very close together in the area of the machine to 
which the web is fed providing excellent control over the 
entire area of the web as it is cross-stretched. 

In one embodiment of the cross-stretching machine of 
the invention, the web is fed into the machine by a “wet 
out” device comprising a pair of feed rollers, one of which 
is partially immersed in a water trough, and the web is 
thus saturated. It has been found that a saturation of 
about 200 percent to 300 percent with water provides very 
satisfactory results. The web may be wet with more or 
less water, as desired. _ . 
The water apparently acts also as a lubricant to facili 

tate movement of the ?bers Within the saturated web. 
The diverging paths of the conveyor surfaces with the 
?brous web thereon causes the originally parallelized ?bers 
of the web to gradually move angularly towards right 
angle relationship relative to their original direction. The 
extent to which the ?bers are rearranged depends upon 
the amount of cross-stretching to which the web 1s sub 
jected. _ 
The stretching operation may be stopped at a point at 

which the average angle of the ?bers relative to the longi 
tudinal axis of the web is increased to the point where the 
“degree of ?ber orientation” is reduced to approximately 
50 .PQFWIIL This directional rearrangement or reorienta 
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tion of the ?bers increase very substantially the cross 
strength of a fabric made by bonding the web. 
The impaling of the web on the pins or other tapered 

implements on the diverging conveyor surfaces causes 
the web to be stretched uniformly through small incre 
ments throughout the width of the web. The uniform 
positive pin control prevents any substantial slippage ex 
cept between ?bers and provides complete control over 
the full width of the web at all times during the cross 
stretching period. 
The pins or tapered implements used in accordance 

with the machine of the present invention may be made 
of metal or rubber or similar materials. The pins are 
tapered and may be triangular, circular or other shapes. 
It is preferred that the pins be as closely spaced as pos 
sible ‘and, for example, the conveyor may be covered 
with standard card clothing or with a pile fabric to give 
a surface with very closely spaced pins and produce better 
control of the ?brous web. 
The structure by which the above-mentioned and other 

advantages of the invention are attained will be described 
in the following speci?cation, taken in conjunction with 
the accompanying drawings, showing a preferred illustra 
tive embodiment of the invention, in which: 
FIGURE 1 is a view in perspective of the machine 

of the present invention with some portions omitted for 
the sake of clarity; 
FIGURE 2 is a plan view of a machine embodying the 

invention, with some portions omitted to clarify the illus 
tration; 
FIGURE 3 is a side view of the machine shown in 

FIGURE 2; 
FIGURE 4 is an enlarged fragmentary view in perspec 

tive showing a portion of the conveyor surface used for 
holding and guiding portions of the web being stretched. 

Referring to the drawings in FIGURES 1, 2, and 3, 
there is shown a feed roller 10 mounted for rotation in 
frame 12 and a discharge or take-off roller 11 mounted 
for rotation in the frame. In FIGURE 1 a feed conveyor 
13 brings the web W to be stretched to the feed end of 
the machine and a conveyor 14 positioned at the discharge 
end of the machine conveys the cross-stretched web away 
for further processing. An endless rubber V-belt 20 
passes in a series of ?ights 21 (more clearly shown in 
FIGURE 2) between the feed roller and the discharge 
roller. The ?ights follow a diverging path from the 
feed roller to the discharge roller. The V-belt rides in a 
series of grooves 22 in both the feed roller and the dis 
charge roller. ‘ 

The ?rst ?ight 23 of the V-belt shown at the extreme 
right of the machine passes from the feed roller to the dis 
charge roller, around the discharge roller and back to the 
feed roller. The belt passes around the feed roller and 
forms the second ?ight 24 as it passes to the discharge 
roller and so on across the width of the machine. The 
?ights all lie in the same plane and travel in the same gen 
eral direction but in diverging paths from the feed roller 
to the discharge roller. As shown in the drawings, the 
width of the total ?ight is substantially wider at the dis 

, charge end of the machine as it is at the feed end of the 
machine. 

After the belt has formed the last ?ight 25, i.e., at the 
extreme left of the machine, it passes about the discharge 
roller and then over a pair of pulleys 26 and 27 which 
direct the belt to the extreme right of the machine to form 
the ?rst ?ight at the extreme right of the machine. 

It is preferred that the tension roller 30 be the driven 
roll though any of the other rolls may also be driven or 
may be driven instead of the tension roller. 
Each ?ight has a length slightly different than the other 
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?ights and the single endless V-belt conveyor allows for 
these differing lengths and when the single V-belt con 
veyor is tensioned, each ?ight is under a uniform tension 
thus producing uniform control throughout the area of 
the ?brous web as it is being cross-stretched. 
The conveyor is placed under controlled tension by 

the tension roller 30. 
As is more clearly shown in FIGURE 4, the belt is a 

V-belt 31 and the upper surface is covered with pins 32. 
The web is embedded on these pins as it is fed to the 
narrow end of the machine and as the V-belt surface 
?ights with the pins thereon diverge, the web is cross 
stretched over its entire area. The pins being very close 
together at the narrow end of the machine give excellent 
control over the entire web as it is being cross-stretched. 
The amount of cross-stretching may be varied by re 

moving the web from the conveyor elements at any point 
along their path or by controlling the amount of diver 
gence of the conveyor elements. 
Although the cross-stretching may be continued until 

the ?bers are generally oriented more in a transverse than 
in a longitudinal direction, it is preferred to limit the 
stretching to a point where the degree of ?ber orienta 
tion is approximately 50 percent, as this arrangement ‘ 
provides maximum potential tensile strength for the web. 

While I have described a preferred embodiment of my 
invention in considerable detail, it will be understood that 
the description thereof is intended to be illustrative, 
rather than restrictive, as many details may be modi?ed 
or changed without departing from the spirit or scope of 
the invention. Accordingly, I do not desire to be re 
stricted to the exact construction described. 
What is claimed is: 
1. A machine for cross-stretching ?brous webs compris_ 

ing: ?rst and second spaced apart rotatable rolls, a narrow 
width endless belt extending in a series of adjacent ?ights 
between said rolls, said ?ights following divergent paths 
as they extend from the ?rst roll to the second roll and 
convergent paths as they return from the second roll to 
the ?rst roll, said ?ights having pins extending from the 
surface thereof, a third roll in contact with said conver 
gent ?ights to apply uniform tension to all ?ights and 
means for driving one of said rolls whereby a ?brous web 
passing from said ?rst roll to said second roll is cross 
stretched under uniform tension. 

2. A machine in accordance with claim 1 wherein the 
narrow width endless belt is a V-belt and the pins extend 
from the broad surface of said belt. 

3. A machine in accordance with claim 1 wherein the 
second rotatable roll is spaced forward of and above said 
?rst rotatable roll whereby a retarding force due to the 
Weight of ?bers is placed on the ?brous web while it is 
being cross-stretched. 
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