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[57] ABSTRACT 

A steel cord for reinforcing rubber or plastic goods 
having a core strand consisting of a plurality of wire 
filaments, and a plurality of outer strands cabled to 
gether around the core strand and each of which con 
sisting of a plurality of wire filaments. The direction of 
lay of the outer layer of the core strand filaments and 
the direction of lay of the outer layer of the outer 
strands are made opposite to each other, and the for 
mer direction is same with that of the cabling of the 
outer strands. The number of the wire filaments con 
stituting the outer layer of the core strand is the same 
as the number of the outer strands. The lay length of 
the core strand, the outer strands and of the cabling 
are so selected that the filaments in the outer layer of 
the core strand and the corresponding filaments in the 
outer strands have linear contact over their whole 
length. Thanks to the linear contact of the filaments, 
fretting of the filaments is less likely to appear result~ 
ing in improvement in fatigue endurance and breaking 
strength. Adhesion to the rubber or the plastic mate 
rial is also improved and the overall diameter of the 
cord can be reduced for a given effective cross 
sectional area ratio. 

3 Claims, 2 Drawing Figures 
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STEEL CORD 

BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION 
The present invention relates to steel cords, and 

more particularly to steel cords for reinforcing rubber 
or plastic goods such as tires for vehicles. 

2. DESCRIPTION OF THE PRIOR ART 
Hitherto, for the purpose of reinforcing radial tires 

for heavy duty vehicles such as trucks or buses, steel 
cords of the multi-strand type (or stranded rope struc 
ture) have been used which consist of a cord strand in 
which a plurality of wire ?laments are stranded to 
gether, and a plurality of outer strands which are ca 
bled to encircle the core strand and each of which con 
sists of a plurality of wire filaments. Such cords of mul 
tistrand type thus comprises 28 ( 7X4 ), 38 (lX3+5X7 
) wire ?laments and so on. These large numbers of wire 
?laments, as well as the multi-strand type structure is 
intended for producing high breaking strength and 
good ?exibility so as to resist and bear high internal air 
pressure and repeating bending stress which the tire 
case reinforced by those cords must suffer during run 
ning of the vehicle. 
The cords of conventional structure very often show, 

after a long distance run of the vehicle, fretting marks 
in the wire filaments which are caused by mutual abra 
sion of those wire ?laments, and usually some of the 
frettings are found to have developed to fatigue break 
mg. 

It is considered that those frettings are due to the fact 
that the wire ?laments in the core strand intersect and 
contact wire ?laments in the outer strands forming 
many point contact therebetween. ' 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
overcome above problem of wire ?laments breakage 
which has been inevitable according to known tech 
niques. 

It is another object of the present invention to pro 
vide a reinforcing steel cord which is less likely to pres 
ent fretting marks and is of a higher fatigue endurance, 
and of an improved breaking strength, as compared to 
conventional steel cord. It is still another object of the 
present invention to provide a reinforcing steel cord 
which is of smaller outer diameter, while maintaining 
same sectional area, and accordingly maintaining 
equivalent strength, as compared with conventional 
steel cords. . 

It is still another object of the invention to provide a 
reinforcing steel cord which has good adhesion to the 
rubber or the plastic for easy penetration into core 
strands by these goods, as compared with conventional 
steel cord. ‘ 

It is still another object of the invention to provide a 
‘reinforcing steel cord which is easily manufactured. 

According to the invention, there is provided a steel 
cord for reinforcing rubber or plastic goods, said steel 
cord comprising a core strand consisting of a plurality 
of wire ?laments stranded together, and a plurality of 
outer strands cabled together to encircle the core 
strand and each of which consists of a plurality of wire 
?laments, characterized in that the lay direction of 
outer layers of said core strand and of each of said 
outer strands are opposite to each other, that the lay 
direction of said cabling of said outer strands is the 
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2 
same as that of the outer layer of said core strand, that 
the number of wire ?laments in the outer layer of said 
core strand is the same as the number of said outer 
strands, and that the lay length of said outer layers of 
said core strand and outer strands and the lay length of 
said cabling of the outer strands is so selected that the 
wire ?laments in said two outer layers forming linear 
contact with each other over their entire length. 
The wire ?laments may be made of iron, steel, or 

alloy steel such as stainless steel. 
The number of wire ?laments included in one core 

strand and one outer strand is preferably three through 
seven, respectively, but this is not exclusive. 

It is also to‘be noted that the above described cord of 
multi-strand type may further be wrapped helically by a 
wire ?lament and that such modi?cation is within the 
scope of the invention. 

It will be understood that, according to the invention 
those wire ?laments of the outer strand, which are posi 
tioned to contact those wire ?laments of the core 
strand are orientated to make linear contact with the 
later, since the wire ?laments in the outer layers of core 
and outer strands have opposite or reverse lay direc 
tions with each other and since the lay direction of the 
cabling of the outer strands is the same as the direction 
of lay of outer layer of the core strand. 

It is true that such arrangement as described above is 
similar to that of so called independent wire strand core 
( I W S C ) rope‘or so called independent wire rope 
core ( I W P C ) rope, both of which are well known to 
those skilled in the art. In this regards, it is to be appre 
ciated that the present invention provides an improved 
steel cord in which the mutually contacting wire fila 
ments in the core strand and the outer strands are layed 
perfectly in parallel with each other, making linear 
contact, by suitably selecting the number of the wire 
?laments and lay length. ‘ 
The above ‘and additional objects and novel features 

of the invention will more fully appear from the follow 
ing detailed description when the same is read in con 
nection with the accompanying drawing. It is to be ex 
pressly understood, however, that the drawing is for 
purpose of illustration only and is not intended as a def 
inition of the limits of the invention. 

BRIEF EXPLANATION OF THE DRAWINGS 
In the drawings: 
FIG. 1 shows a cross section of a steel cord embody 

ing the present invention, in which 32 wire ?laments (l 
X 7 + 6 X 4 + 1) are employed. 
FIG. 2 shows a cross section of another steel cord 

embodying the present invention, in which 27 wire ?la 
ments(l +1 X 5+ 5 X 4+ 1) are employed. 

DETAILED DESCRIPTION OF THE INVENTION 

Referring to FIG. 1, a steel cord comprises a core 
strand 1 consisting of wire ?laments and six outer 
strands 2, each of which consist of four wire ?laments 
and are cabled around the core strand. 

In this arrangement, the direction of lay of the outer 
layer of the core strand is 2, while the direction of lay 
the outer strands is S, and the direction of lay of the ca 
bling of the outer strands is Z. By suitably selecting 
each length of lay, the convex portions or crests of the 
core strand 1 are regularly positioned at the concave 
portions or valleys of outer strands 2, as seen from FIG. 
1, or vice versa. 
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Now, a consideration will be made as to conditions 
required for obtaining such regularity. 
Suppose here that the number of wire ?laments 

stranded in the outer layer of the core strand is m, the 
number of wire ?laments stranded in the outer layer of 
the outer strand is n, the lay length of the lay cabling is 
A, the length of the outer layer of the outer strand is B 
and the lay length of the outer layer of the core strand 
is C, respectively. Supposing also that both the core 
strand and each of the outer strands are solid rod, lines 
of contact of the core strand with the outer strands 
would be M in number and extend spirally along the pe 
riphery of the core strand. It will be understood that the 
regularity is obtained when the number of crests ( or 
valleys ) of both strands emerging on a spiral line of 
contact are equal to each other. 
Provided that the unit length of the steel cord is rep_ 

resented by I, the outer strand makes l/A turns around 
the core strand in the unit length of the steel cord. 
Since the directions are the same for the lay of the 
outer layer of the core strand and the lay of group 
strand, the number of the crests ( or valleys ) of the 
core strand which intersect a spiral line of contact is 
given by the following equation. 

At the same time, since the lay direction of the outer 
layer of the outer strands is opposite to the direction of 
lay of the cabling of the outer strands, the number of 
the crests (or valleys) of the outer strands which inter 
sect the spiral line of contact can be given by the fol 
lowing equation, when the angle of lay of the cabling of 
the outer strands with respect to the axial direction of 
the cord is represented by 6. 

IX” 

Bcos9 

IX" 
7 

A c050 (J 

It will be understood, as aforementioned, it is neces 
sary to equalize N to n’, in order to obtain a regular ar 
rangement of FIG. 1. Therefore, from the equations ( l ) 
and (2), the necessary condition for obtaining the regu 
lar arrangement is expressed by the following equation. 

[Xn 

AcosO 

1X11 

BcosO 
IXm I><m 
C _ A (3) 

This equation (3) is then converted to the following. 

"I H 

C — BcosO 

n+m cos 0 

A cos 0 
(4) 

It will be understood from the equation (4), that 
when any two out of three lays A, B and C are given, 
the remaining one of the lays is determined automati 
cally. 
The diameters of the core and the outer strands, 

number of the wire ?laments and the diameter of the 
wire ?laments are determined suitably taking the geo 
metric conditions into account, as is the case of con 
ventional stranded ropes. 
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4 
In designing the steel dord of the present invention. it 

is preferable to determine the outer diameter of the 
core strand 0 through 5% larger than the theoretical di 
ameter. Namely, since the crests formed by the wire ?l 
aments in the core strand are conveniently and regu 
larly received by the valleys formed between adjacent 
wire ?laments in the outer strand, no gaps, which 
would otherwise inevitably exist between the core and 
outer strands, are formed, thereby presenting a com 
pact or close stranding. In other words, the sectional 
area ratio of the wire ?laments is high as compared to 
conventional steel cords. 
For information, the reference numeral 3 in FIG. 1 

designates a ?lament spirally wrapping around said 
steel cord. 
Two embodiments of the invention will be described 

hereinafter. 
First Embodiment: 
Five steel cords were manufactured in accordance 

with the invention in respective combinations of Lays 
A, B and C as listed in table 1, each combination satis 
fying the equation (4). Each cord had a dimensional 
character as speci?ed below. 

(1x7 )XO.l75mmd>+( 6X4)><O.165 mm¢+ 
1 X 0115 mmda 

The above speci?cation means that the steel cord 
comprises one core strand in which seven ?laments of 
0.175 mm are stranded, six outer strands in which four 
?laments of the same dimeter are stranded, and one ?l 
ament of 0.15 mm wrapped arround the steel cord. It 
will be understood that in this arrangement m is equal 
to 6 and n is equal to 4. Two types were manufactured 
for each one of ?ve steel cords, with and without the 
wrapping ?lament 3. 

Lays of Lays of 
No Core Outer Lays of Wrapped or 

Strand (C) Strand (B) Cord (A) Not 

1 6.1 mm 9.5 mm 18.2 mm Both 
2 8.0 mm 9.5 mm 30.5 mm Both 
3 9.5 mm 9.5 mm 47.5 mm Both 
4 11.1 mm 9.5 mm 83.7 mm Both 
5 14.2 mm 9.5 mm x mm Wrapped 

As seen from the Table l, the lay A of the cord is in? 
nite, which means that the six outer strands are extend 
ing in the axial direction of the cord without being ca 
bled. In this case it is necessary to spirally wrap the un 
retained outer strands by the ?lament 3, as shown in 
FIG. 1. It will be understood that, as far as the ?fth cord 
is concerned, the equation (4) can be converted to as 
follows. 

"I II 

C B0058 (4') 

It was observed that all of the wire ?laments in the 
outer layer of the core strand and corresponding wire 
?laments in the outer strand make linear contact with 
each other over their whole length. 
The breaking strength of the ?rst core was measured 

to be 202 Kg, which amounts to 95.1% of the sum of 
the breaking strength of wire elements. This embodi 
ment consisting of'3 1v wire ?laments of the same diame 
ter is free from the problem of mingling of the ?laments 
of the different diameter, and easy to manufacture. In 
addition, breaking strength and the fatigue endurance 



3,922,841 
5 

are considerably higher than those of the conventional 
cords. 

It will be understood, the equation (4) can be written 
as follows, as far as this embodiment is concerned. 

3 2 

C BcosO + 

2+3 cos 0 

A cos 0 (4') 

Second Embodiment: 
Steel cords as speci?ed below were manufactured in 

accordance with the invention. 
0.12 mmd>+(l x 5) x 0.17 mm¢+<5 x4) ><0.19 
mm¢+ 1 X 0.15 mmd: 

This means that the cord comprise‘one core strand 
having a central ?lament of 0.12 mm in diameter and 
?ve ?laments of 0.17 mm stranded around the central 
?lament, ?ve outer strands each of which having four 
?laments of 0.19 mm in diameter, and a wrapping ?la 
ment having a diameter of 0.15 mm. The section of 
these cords of the second embodiment is diagramati 
cally shown in FIG. 2 in which the same numerals des 
ignate the same elements as shown in FIG. 1. ‘ 
Lays A, B and C are chosen to satisfy the equation: 

4 4+5 cos 0 

B cos 0 A cos 0 

It will be understood that in the second embodiment, 
m and n in the equation (4) amount to 5 and 4, respec 
tively. The steel cords of the second embodiment thus 
constructed also showed almost perfect linear contact 
between the ?laments in the outer layer of the cord 
strand and the corresponding ?laments in the outer 
strands over their entire length. 
According to the invention, thanks to the linear 

contact between the ?laments of the core and the outer 
strands, which is obtained by suitably selecting the 
number of filaments, directions of lays, and the length 
of lay, the following advantageous are obtained. 

a. The steel cord of the invention suffers less reduc 
tion of the breaking strength from the stranding and ca 
bling than the conventional arrangement, and the 
breaking strength reaches almost to the sum of 
strengths of all ?laments. More strictly, the breaking 
strength of the cords of the invention amounts to 95 
through 98% of the sum of strengths of the ?laments, 
whereas in the conventional arrangement only 90 
through 93% of the sum is available for the breaking 
strength of the cord. 

12. Because of the linear contact of the ?laments be 
tween the core strand and outer strands, fretting can 
hardly occur. Even if fretting occurs, it causes less re 
duction in the cross-sectional area of the filaments than 
that caused by wearing, so that the fatigue endurance is 
considerably improved. 

c. Since the core strand and the outer strands engage 
each other closely and regularly, both strands would be 
even and regular in the sheared surface of the cord 
when the later is sheared as necessitated. 

d. For a given diameter of the cord, the larger effec 
tive cross-sectional area can be obtained as compared 
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6 
to the conventional arrangement. In other words, the 
sectional area ratio is considerably higher than that of 
the conventional arrangement. This feature is particu 
larly advantageous for the use in tires of vehicles where 
the end numbers per inch is limited. 

e. It becomes possible to adopt a larger lay of the ca 
bling, as compared to the conventional construction, 
without accompanying deformation or loosening of the 
strand. Even the omission of the cabling becomes al 
lowable provided that the outer strands are suitably 
wrapped, which omission leads to a reduction in manu 
facturing cost. , 

While the invention has been described in detail and 
with reference to speci?c embodiments thereof, it will 
be apparent to one skilled in the art that various 
changes and modi?cations can be made therein with 
out departing from the spirit and scope thereof. 
What is claimed is: 
1. In a reinforcing steel cord including a core strand 

consisting of a plurality of wire ?laments, a plurality of 
outer strands cabled together around said core strand, 
each outer strand consisting of a plurality of wire ?la 
ments, the improvement wherein; said core strand 
comprises a core ?lament and an outer layer of fila 
ments, the lay direction of the outer layer of the core 
strand ?laments and the lay direction of the outer 
strand ?laments are opposite to each other, the lay di 
rection of the cabling of the said outer strands is the 
same as that of the outer layer of said core strand fila 
ments, the number of said ?laments constituting said 
outer layer of said core strand is the same as the num 
ber of said outer strands, and the lay length of the core 
strand, the lay length of the outer strands and the ca 
bling of the outer strands are so selected that the fila 
ments in the outer layer of the core strand and the cor 
responding ?laments in the outer strands contact each 
other linearly over their whole length. 

2. A steel cord as claimed in claim 1, wherein the 
number of said ?laments in the outer layer of the core 
strand and the number of said outer strands is m and 
the number of the ?laments in the outer layer of the 
outer strand is 11, respectively, the angle of lay of the ca 
bling of the outer strands with respect to the axial di 
rection of the cord is 0, and wherein the lay length A of 
said outer layer of said core strand, the lay length B of 
the outer layer of the outer strand and the lay length C 
of said cabling satis?es the following equation: 

n-i-m cos 0 

A cos 0 BcosO 

3. A steel cord as claimed in claim 2, wherein m and 
n equal 6 and 4, respectively, and the lay length A, B 
and C are so selected as to satisfy the equation: 

2 2+3 cos 0 

B cos 6 


