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My invention relates to cord and textile 
manufacture, and it has, for its principal ob 
ject, the provision of a method of construct 
ing cords which will efficiently withstand 
wear resulting from repeated flexure under 
tension. 
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tion of a cord assembled by properly arrang 

those having their last two twists to the left; 
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Another object of my invention is to pro 
vide a new cord fabric whose cords do not 
readily fail from internal chafing due to flex 
ure under tension. 
Another object of my invention is to pro 

vide a fabric for use in the manufacture of 
cord tires for vehicles, which shall give better 
and longer service. 

Briefly, the invention consists in disposing 
the subordinate elements comprising a cord 
in such manner that the destructive action, 
which results from any intra-cord motion 
under tension, will be reduced to a minimum. 
With these and other objects in view, my in 
vention will be more fully described, illus 
trated in the drawings and particularly 
pointed out in the appended claims. 
In the drawings: 
Fig. 1 is an elevational view of a portion 

of a yarn, utilized to form a cord in accord 
ance with my invention; Fig. 2 is an elevational view of a portion of 
a strand, formed of a plurality of yarns, such 
as shown in Fig. 1; 

Fig. 3 is also an elevational view of a por 

ing a number of the structural elements 
shown in the previous figures; 

Fig. 4 is a diagrammatic view of a fabrio 
construction embodying my cord in which the 
cords are singly alternated between those 
having their last two twists to the right and 

and 
Fig. 5 is a diagrammatic view of a fabric 

construction embodying my cord in which 
groups of cords are alternated between those 
having the last two twists to the right and 
those having their last two twists to the left. 
In setting forth the details of my inven 

tion, Ishall describe a cord having three pro 
gressively subordinate elements. It should 
be understood, however, that the principles 
are not limited to this particular construc 
tion, but may be applied to others without de 
parting from the scope of the invention. It 
is customary to designate the three elements 
which comprise the cord as fiber, yarn and 
strand. This will be better understood by re 

ferring to the drawings. A yarn 1 is formed 
of spun textile fibers 2, a plurality of yarns 
being twisted together to make a strand 3 
and, finally, a plurality of strands are twist 
ed together to form a cable or cord 4. 
A common characteristic of all previous 

cord 'constructions for tires lies in the fact 
that the last two twists (in the example shown 
this would correspond to twists of the strand 
and the cable) are in opposite directions. 
The number of turns per inch in any twist 
may vary according to the use which is made 
of the product, but the directions thereofhave 
long been fixed. 
It is obvious that with such a cord, i. e., 

one having three subordinate elements, four 
possible constructions lie within the scope of 
present day practice. - 

Direction of twist 

Yarra Strand Cable 
--- 

1 Right----- --- Right.------------------- Left. 
2 Left------ --- Right--------------------- Left. 

Right. --- Left----------------------- Right. 
Left--------------------- Left----------------------- Right. 
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If such a cord is twisted and then released, 
it will tend to regain its former state of 
equilibrium. The reason for this phenome 
non lies in the fact that the various elements 
comprising the cord are twisted in opposite 
directions and the forces tending to relieve 
their stresses oppose each other. In a well 
constructed cord the opposing stresses are so 
matched that there is no net effect, this re 
sulting in what is known as a balanced cord. 
The property dealing with the inherent tend 
ency to establish an equilibrium between the 
opposing stresses is known as the cord-bal 
ae. If an equilibrium has not been reached, 
the cord will tend to curl and kink and is said 
to have a poor cord-balance. 
I have discovered that cords having their 

last two twists in opposite directions possess 
the following characteristic. The yarns near 
the center of the cord and at the periphery 
of a strand lie at a large angle with respect 
to the axis of the cord. In cords, such as 
have been used in the construction of pneu 
matic tires, this angle approaches 90°, so 
that these yarns near the center of the cord 
lie substantially transverse to the direction 
of the cord's axis. 
When such cords are subjected to tension 
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and flexure the stresses developed react de 
structively inasmuch as any relative motion 
between yarns of adjoining strands will ef 
fect a chafing action at their point of con 
tact. This action is severe because such con 
tacting yarns of adjoining strands near the 
center of the cord rub against one another 
in a direction substantially transverse with 
respect to the axes of the yarns themselves, 
I have discovered that it is possible to se 

cure a satisfactory degree of cord balance by 
making the last two twists in the same direc 
tion, and by so doing to secure a very much 
greater resistance to internal chafing under 
tension than is realized with cords whose 
last two twists are in opposed directions. 
Thus, by making the strand and cable 

twists in the same direction, as illustrated 
by the arrows 5 and 6, have produced a 
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marked change in the inherent characteris 
tics of the cord structure. The yarns 8, at 
the periphery of a strand and near the cen 
ter of the cord are substantially parallel to 
the axis of the cord. This change obviates 
the former failing because the yarns in ad 
joining strands are now substantially paral 
lel to each other wherever they are in engage 
ment, and any relative motion within the 
cord is parallel to the direction of the yarns. 
It is obvious, therefore, that chafing and cut 
ting under tension is reduced to a minimum. 

a number of test runs I have compared 
the behavior of cords constructed by prior 
methods with mine. Such tests establish that 

5 the cord of my invention will withstand ten. 
times as many deflections under tension as 
will the most resistant cords made accord ing to the present standard methods. It is 
to be noted that the size of the cords tested 
was identical and their tensile strengths 
nearly so. 
In a cord having three progressively sub 

ordinate elements of construction, I may em 
ploy either of the following twist combina 
tions to accomplish the purpose of my in 
vention: 

Direction of twist 

Yan. Strand Cable 

Right-------------------- Left----------------------- Left. 
2 Left-------------------- Right--------------------- Right. 

Those skilled in the art will appreciate 
that, in So radical a departure from the es. 

5 

tablished fundamentals of cord construction, 
special precautions are necessary to effect a 
good cord-balance. In the new construction 
it is much more difficult to establish a static 
equilibrium between the opposing forces but, 
bearing in mind that a good cord balance is 
merely a convenience and not a property 
upon which the strength, durability or elas 
ticity depend, I have found several proce 

1,689,119 

to effect the same result is to dispose thein 

compares the changes in the degree of twist 

dures conveniently applicable to offset its . 
undesirable characteristies. 
One method which I have employed is to 

impregnate the cord with a material which 
will stiffen the structure and thus oppose the 
unbalanced force. As an example of this, 
a cord fabric which is to be used in tire manu 
facture may be impregnated with rubber to 
resist the snarling action. The impregna 
tion may be directly accomplished in a cal 
ender mill or the fabric may be dipped in a Solution or dispersion of the stiffening mar 
terial and subsequently dried. 
Another method which may be employed 

dividual cords in such manner that their 
unbalanced forces will oppose each other. 
This may better be understood by referring 
to Figs. 4 and 5 of the drawings. If we as 
sume that a cord in which the last two twists 
are to the right will tend to curl to the left 
and one in which the last two twists are to 
the left will tend to curl to the right, it is 
obvious that, by alternating the construction 
of the individual eords, their relative ten. 
dencies to curl will offset each other. Fig. 4 
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illustrates this arrangement where the cords 
are singly alternated. Likewise, groups of 
cords may be alternated to effect the same 
result, as illustrated in Fig. 5. 
The third methpd of obviating the effects 

of an unbalanced cord is to proportion the 
degree of twist in each element so that, the 
internal forces substantially neutralize each 
other. This necessitates an entire readjust 
ment of specifications used in the present 
standard practice, not only in the relative 
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direction of the twist, but also the degree, 
thereof. For example, the following table , 
which are necessary in order to obtain a 
balanced cord without seriously interfering 
with the properties which enhance its dur ability. . 

Ordinary twist 

Direction Degree, 
turnsfinch 

105 

110 

Yarm-------- Right.------ 20 to 28----Right------. 6. s to 17.5 
Strand------ Left.-------- 6 to i0----Right------- 6 to 17 
Cable------- Left-------- 6 to 10---- Left--------- 7 to 8 . 

This table applies to a specific cord known 
in the art as 23's/5/8, that is, three strands 
have been twisted to form the cable; five 
yarns have been twisted to form each strand; 
and the yarn employed is of the size known 
as 23's in the cotton-spinning industry, that 
is, twenty-three 840 yard-lengths will weigh 
one pound. 
From the description given, it appears that 

the value of my invention lies in the fact that 
where there is relative motion within the 
cord, the direction of the peripheral yarns 
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is substantially parallel to the line of mo 
tion. Moreover, the invention is not limited 
b 

elements utilized or the degree of twist 
5 thereof. It is obvious that a fabric embody 
ing this cord constructionis especially adapt 
ed to vehicle tire manufacture. However, 
its applicability is not limited to this field 
alone, but may be advantageously extended 

10 to other products in which durability and 
undiminishing strength are of paramount 
importance, as for example belting, pack 
ing, etc. 
Although I have described the application 

15 of the principles of my EE utiliz 
ing a specific cord composed of three progres 
sively subordinate elements (23's/5/3), it is 
evident that it is not so limited and that 
many modifications may be made in the ap 

20 plication of the principles which I have here 
in set forth without departing from the 
spirit of the invention. I desire, therefore, 
that it shall be limited only in accordance 
with prior art and the appended claims. 

25. What I claim is: 1. A cord comprising a plurality of 
strands, each strand being composed of a 
plurality of yarns, E. at the periphery 
of the strands near the center of the cord 

d substantially parallel to the axis of the 
COO . . . ax 

2. A cord structure comprising a cable 
composed of a plurality of elements twisted 
together in a predetermined direction each 

35 element being composed of a plurality of 
subordinate elements twisted together in the 
same direction as the first mentioned ele 
ments. Y 

3. A cord structure comprising a plurality 
40 of strands each composed of elements twisted 

together, said elements at the periphery of 
any strand near the center of the cord bei 
ES parallel to the cord's axis an 

the size of the yarn, the number of twist 

of 

3 

to the elements of other strands with which 
they are in mutual engagement. 
4.A cord fabric comprising a plurality of 

cords each cord having a cable twist, a strand 
twist and a yarn twist, the cable and strand 
twists being in the same direction. 

5. A cord fabric ES a plurality of 
cords each composed of twiste 
ing a cable, a plurality of the cords having 
their strands and cables twisted in one di 
rection and a plurality of the cords, having 
their strands and cables twisted in the op 
posite direction. 

6. A method of manufacturing a cord that 
one direction to form a yarn, twisting a plu 
rality of yarns in a reverse direction to form 
a strand and twisting a plurality of such 
strands in the last, named direction to form 
the cord. . 

7. A method of manufacturing a cord that 
comprises twisting a plurality of twisted ele 
ments in one direction to form a strand and 
twisting a plurality of such strands in the 
same direction to form the cord. 

8. A fabric for pneumatic tires embodying 
a plurality of cords, each having three 
twists, alternate cords of the fabric having 
their last two twists in one direction oppo 
site the direction of the first twist. 

strands form 
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ESE spinning a plurality of fibers in . 

70 

9. A cord fabric comprising a plurality 
oups of cords, each cord of one group 

including three or more elements and having 
a cable twist and a strand twist both in one 
direction, each cord of the adjacent group 
including three or more elements and having 
a cable twist and a strand twist both in one 

s 

80 

direction opposite the first mentioned direc 
tion. fivitness whereof, I have hereunto signed 

RHYs D. EVANs. 


