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Description

Field of the invention.

[0001] The present invention relates to a steel cord
comprising a number of strands twisted together, which
is a so-called multi-strand steel cord.

Background of the invention.

[0002] One to two decades ago, multi-strand steel
cords were the standard cords for reinforcing elastomer-
ic products such as rubber tires, conveyor belts, trans-
mission belts.

A general trend towards simpler constructions compris-
ing less filaments with larger filament diameters, how-
ever, has superseded the multi-strand steel cords ex-
cept for those areas where multi-strand steel cords were
really necessary because of their relatively thin fila-
ments and the resulting high level of fatigue resistance
or because of their high breaking load. Nowadays, multi-
strand steel cords are still common in reinforcing heavy
tires such as off-the-road tires, conveyor belts, timing
belts and transmission belts.

Most multi-strand steel cords are manufactured in an ex-
pensive way the last steps of which may be summarized
as follows :

(a) unwinding filaments, wet drawing the filaments
until their final filament diameter and winding the
thus drawn filaments ;

(b) unwinding the drawn filaments, twisting the fila-
ments into individual strands and winding the twist-
ed strands ;

(c) unwinding the strands, twisting the strands into
a final cord and winding the twisted cord.

[0003] Especially step (b), which must be carried out
for each individual strand of the final cord, e.g. seven
times in case of a 7x19-cord, is disadvantageous to the
productivity and efficiency of the multi-strand steel cord
making process.

[0004] FR-A-837 683 discloses a multi-strand steel
cord where each of the strands is coreless.

Summary of the invention.

[0005] It is an object of the invention to provide for a
new range of multi-strand steel cords which allows to
skip the separate steps (b) of making the individual
strands and which allows to replace the commonly used
multi-strand steel cords such as 7x7-cord, 7x19-cord,
7x31-cord.

[0006] According to the invention there is provided for
a steel cord which comprises eight or more strands
twisted together. Each of the strands has a substantially
same cord twisting direction and a substantially same
cord twisting pitch. Each of said strands consists of two
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to five individual filaments twisted together.

The terms "cord twisting pitch" refer to the axial distance
required to make a 360 degree revolution of a strand in
the final cord.

As will be explained hereinafter, the fact that the strands
have the same cord twisting direction and the same cord
twisting pitch, allow the multi-strand steel cord to be
made in an economical and highly efficient way. The fact
that each of the strands consists of only two to five in-
dividual filaments and, as a consequence, comprises no
core filament allows the make the multi-strand steel cord
without experiencing problems of core filament migra-
tion in the individual strands.

[0007] In a preferable embodiment of the invention,
the individual steel filaments of every strand have the
same strand twisting direction and substantially the
same strand twisting pitch.

The terms "strand twisting pitch" refer to the axial dis-
tance required to make a 360 degree revolution of a fil-
ament in a strand of the final cord.

[0008] The number of strands in the multi-strand steel
cord according to the invention is at least eight, and can
be nine, twelve fifteen... in order to provide for a suitable
alternative for the prior art cord constructions 7x7, 7x19,
7x31.

Preferable configurations, however, comprise twelve,
nineteen or twenty-seven strands and are respectively
designated by 12xn-, 19xn- and 27xn-cords, where n is
the number of filaments in each strand and ranges from
two to five.

A 12xn-cord has three center strands and nine outer
strands.

A 19xn-cord has one center strand, six intermediate
strands and twelve outer strands.

A 27xn-cord has three center strands, nine intermediate
strands and fifteen outer strands.

[0009] In order to prevent the center strand or center
strands from migrating out of the cord under the influ-
ence of repeated external bending forces, itis preferable
that the center strand or center strands have a larger
diameter than the diameter of the outer strands and/or
intermediate strands.

[0010] The strand twisting direction may be equal to
or opposite to the cord twisting direction. As will be made
clear hereinafter, a multi-strand steel cord where the
strand twisting direction is equal to the cord twisting di-
rection can be made in a highly efficient way.

The strand twisting pitch may be equal to or different
from the cord twisting pitch.

[0011] The multi-strand steel cord is preferably adapt-
ed to reinforce elastomeric products, which means that
it has either alone or in combination one or more of fol-
lowing properties :

- thefilament diameters range from 0.04 mm (e.g. for
timing belt reinforcement) to 1.1 mm (e.g. for con-
veyor belts);

- the steel composition generally comprises a mini-
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mum carbon content of 0.60 %, a manganese con-
tent ranging from 0.20 to 0.90 % and a silicon con-
tent ranging from 0.10 to 0.90 % ; the sulphur and
phosphorous contents are preferably kept below
0.03 % ; additional elements such as chromium, bo-
ron, cobalt, nickel... may be added to the
composition ;

- the filaments are conveniently covered with a cor-
rosion resistant coating such as zinc or with a coat-
ing that promotes the adhesion to the elastomeric
material such as brass or bronze.

[0012] Otherapplications of the multi-strand cord out-
side the field of elastomer reinforcement are not exclud-
ed. In this way the multi-strand cord according to the
invention may have been covered with a synthetic ma-
terial such as polyamide.

Brief description of the drawings.

[0013] The invention will now be described into more
detail with reference to the accompanying drawings
wherein

- FIGURES 1, 2 and 3 show transversal cross-sec-
tions of 12xn-cords according to the present
invention ;

- FIGURE 4 shows a transversal cross-section of a
19xn-cord according to the present invention ;

- FIGURE 5 shows a transversal cross-section of a
27xn-cord according to the present invention ;

- FIGURE 6 shows schematically how a multi-strand
cord according to the invention can be made.

Description of the preferred embodiments of the
invention.

[0014] FIGURE 1 shows a transversal cross-section
of a 12x2 multi-strand steel cord 10. The cord 10 com-
prises three center strands 12 and nine outer strands
14. Each of the center strands 12 and each of the outer
strands 14 consists of only two filaments 16. Each of the
the center 12 and each of the outer strands 14 have the
same cord twisting pitch and same cord twisting direc-
tion in the final cord 10, for example :

12x2x0.20

cord twisting pitch = 10 mm
cord twisting direction = Z
strand twisting pitch = 10 mm
strand twisting direction = S

12x2x0.20

cord twisting pitch = 20 mm
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cord twisting direction = S
strand twisting pitch = 10 mm
strand twisting direction = S.

[0015] FIGURE 2 shows a transversal cross-section
of a 12x3 multi-strand steel cord. Steel cord 10 compris-
es three center strrands 12 and nine outer strands 14.
The diameter of the center strands 12 is somewhat larg-
er than the diameter of the outer strands 14 because the
filaments 18 of the center strands have a filament diam-
eter that is larger than the filaments 16 of the outer
strands.

An example is as follows :

3x3x0.175|9x3x0.15

cord twisting pitch and direction = 82
strand twisting pitch and direction = 8S.

[0016] FIGURE 3 shows a cross-section of another
embodiment cord which comprises also three center
strands 12 and nine outer strands 14. The center
strands 18 have a diameter larger than the diameter of
the outer strands 18 by the fact that they consist of three
filaments 18 while the outer strands 14 consist only of
two filaments 16. The filaments 18 of the center strands
and the filaments 16 of the outer strands have an equal
diameter.

An example is :

3x3x0.15|9x2x0.15

cord twisting pitch and direction = 16S
strand twisting pitch and direction = 8S.

[0017] FIGURE 4 shows a cross-section of a 19x4
multi-strand steel cord 10.

The cord comprises one center strand 12, six interme-
diate strands 20 and twelve outer strands 14. Each of
the strands consists of four filaments. The four filaments
of the center strand 12, however, have a diameter that
is somewhat larger than the diameter of the filaments of
the intermediate strands 20 and outer strands 14.
[0018] FIGURE 5 shows a cross-section of a 27x2
multi-strand steel cord 10. The cord comprises three
center strands 12, nine intermediate strands 20 and fif-
teen outer strands 14. Each of the strands consists of
two filaments. The two filaments 18 of the center strand
12, however, have a diameter that is somewhat larger
than the diameter of the filaments 16 of the intermediate
strands 20 and outer strands 14.

[0019] The multi-strand steel cords according to the
invention may be used to replace the common multi-
strand steel cords without loss in breaking load or in oth-
er mechanical properties.

Some examples:
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- a7x7xd cord has 49 filaments and may be replaced
by a 19x2xd; cord (38 filaments) with d, greater
than d or by a 19x3xd, (57 filaments) with d, smaller
thand;

- a 19x7xd cord has 133 filaments and may be re-
placed by a 27x5xd cord (135 filaments).

[0020] FIGURE 6 illustrates how a 12x3 multi-strand
steel cord according to the invention can be made in one
single cord making step, thus avoiding the multiple steps
of making the individual strands.

Starting from the left side of FIGURE 5, three individual
filaments 16 are drawn from one supply spool 22 or from
three separate supply spools 22. The filaments 16 are
guided via a reversing pulley 23, over a flyer 24 to a
guiding pulley 25. Flyer 24 rotates at a rotational speed
Nrap and gives to the filaments 16 two twists per rotation
so that a (provisional) strand 14 is made. This is done
twelve times simultaneously. The whole set of twelve
supply spools 22 and the corresponding flyers 24 form
a so-called rotating pay-off installation. The twelve pro-
visional strands are brought together at an assembly
point 26 and are guided to a false twister 28 which ro-
tates at twice the rotational speed ng of a downstream
double-twister. The function of this false twister 28 is to
draw the exact lengths of the strands they need in the
final cord since at the level of false twister 28 the cord
temporarily reaches its final cord twisting pitch. After
leaving false twister 28, the assembled strands are led
via a guiding pulley 30, over a flyer 32 and a reversing
pulley 34 and are eventually wound on a spool 36. Flyer
32 rotates at a rotational speed ng, gives two twists per
rotation to the assembled strands and lays down the fi-
nal cord twisting pitch of multi-strand cord 10 and also
(together with rotating flyers 24) the final strand twisting
pitch.

[0021] Suppose as a matter of a first example the fol-
lowing situation :

- flyer 32 of the double-twister rotates at a rotational
speed ng of 2000 rpm in the sense of arrow 38 as
indicated in FIGURE 6 (gives Z-twisting) ;

- flyers 24 of the rotating pay-off installation rotate at
a rotational speed ngap of 4000 rpm (= 2 X ng) in
the sense of arrow 40 (gives S-twisting).

This results in 12x3 multi-strand cord with following
characteristics :

- cord twisting pitch and direction = X mm S

- strand twisting pitch and direction = X mm Z, since
half of the twists given to the strands by means of
flyers 24 have been compensated by means of
downstream flyer 32 in the final cord making step.

[0022] Suppose as a matter of a second example the
following situation :
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- flyer 32 of the double-twister rotates at a rotational
speed ng of

- 1000 rpm in the opposite sense of arrow 38 as in-
dicated in FIGURE 6 (gives S-twisting) ;

- flyers 24 of the rotating pay-off installation rotate at
a rotational speed ngap of 1000 rpm (= 2 X ng) in
the sense of arrow 40 (gives also S-twisting).

This results in 12x3 multi-strand cord with following
characteristics :

- cord twisting pitch and direction = 2X mm S, since
flyer 32 rotates at half the speed of flyer 32 in the
first example ;

- strand twisting pitch and direction = X mm S, since
the twists given by flyers 24 of the rotating pay-off
installation and the twists given by flyer 32 of the
double-twister are now added.

[0023] This second example illustrates an advanta-
geous embodiment of the multi-strand cord according
to the invention. If the cord twisting direction and the
strand twisting direction are equal, the twists given by
the flyers of the rotating pay-off installation are added to
the twists given by the flyer of the double-twister so that
the final twists are obtained with a minimum of twisting
energy (compare the much higher rotational speeds of
the first example with the rotational speeds of the sec-
ond example !).

[0024] The rotational speed ngxap of the flyers of the
rotating pay-off installation is in any way different from
the rotational speed ng of the flyer of the double-twister
in order to avoid a situation where the twists given by
the flyers of the rotating pay-off installation would be
hundred per cent compensated by the twists given by
the flyer of the double-twister, which would resultin steel
cords where the difference between the strands would
disappear and result in so-called compact steel cords
consisting only of filaments having the same cord twist-
ing pitch and cord twisting direction which are equal to
the strand twisting pitch and strand twisting direction.

Claims

1. A steel cord (10) comprising eight or more strands
(12, 14) twisted together, each of said strands hav-
ing a substantially same cord twisting direction,
each of said strands consisting of two to five indi-
vidual filaments (16, 18) twisted together character-
ized in that each of said strands have a substantially
same cord twisting pitch in said steel cord.

2. A steel cord according to claim 1 wherein the indi-
vidual filaments of every of said strands have been
twisted in a same strand twisting direction and with
a same strand twisting pitch.
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A steel cord according to claim 1 or 2 wherein the
number of strands in the steel cord is twelve : three
center strands and nine outer strands.

A steel cord according to claim 3, all of said outer
strands having a substantially same outer strand di-
ameter and at least one of said center strands hav-
ing a strand diameter being greater than the strand
diameter of the outer strands.

A steel cord according to claim 4, all of said outer
strands having filaments with substantially a same
filament diameter, said at least one center strand
comprising filaments having a diameter which is
larger than the filament diameter of the filaments of
the outer strands.

A steel cord according to claim 4 or 5, all of said
outer strands having a same number of filaments,
said at least one center strand comprising more fil-
aments than said outer strands.

A steel cord according to claim 1 or 2 wherein the
number of strands in the steel cord is nineteen, one
center strand, six intermediate strands and twelve
outer strands.

A steel cord according to claim 7, all of said inter-
mediate strands having substantially a same diam-
eter and all of said outer strands having substan-
tially a same diameter, the center strand having a
diameter which is larger than the diameter of the
intermediate strands and larger than the diameter
of the outer strands.

A steel cord according to claim 1 or 2 wherein the
number of strands in the steel cord is twenty-seven,
three center strands, nine intermediate strands and
fifteen outer strands.

A steel cord according to claim 9, all of said inter-
mediate strands having substantially a same diam-
eter and all of said outer strands having substan-
tially a same diameter, at least one of said center
strands having a diameter which is larger than the
diameter of the intermediate strands and larger than
the diameter of the outer strands.

A steel cord according to any of claims 2 to 10
wherein said cord twisting direction is equal to said
strand twisting direction.

A steel cord according to any of claims 2 to 10
wherein said cord twisting direction is opposite to
said strand twisting direction.

A steel cord according to any of claims 2 to 12
wherein said cord twisting pitch is substantially
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equal to said strand twisting pitch.

14. A steel cord according to any of claims 2 to 12

wherein said cord twisting pitch is different from said
strand twisting pitch.

Patentanspriiche

1.

Stahlkord (10) umfassend acht oder mehr mitein-
ander verdrillte Litzen (12, 14), wobei jede der Lit-
zen eine im wesentlichen gleiche Kordverdrillungs-
richtung aufweist, wobei jede der Litzen zwei bis
funf einzelne miteinander verdrillte Filamente (16,
18) umfaldt, dadurch gekennzeichnet, daR jede der
Litzen eine im wesentlichen gleiche Kordverdril-
lungssteigung in dem Stahlkord aufweist.

Stahlkord nach Anspruch 1, wobei die einzelnen Fi-
lamente von jeder der Litzen in einer gleichen Lit-
zenverdrillungsrichtung und mit einer gleichen Lit-
zenverdrillungssteigung verdrillt sind.

Stahlkord nach Anspruch 1 oder 2, wobei die An-
zahl an Litzen in dem Stahlkord 12 ist: drei Zentral-
litzen und neun Auf3enlitzen.

Stahlkord nach Anspruch 3, wobei alle der AuRRen-
litzen einen im wesentlichen gleichen Auf3enlitzen-
durchmesser aufweisen und wenigstens eine der
Zentrallitzen einen Litzendurchmesser aufweist,
welcher gréRer als der Litzendurchmesser der Au-
Renlitzen ist.

Stahlkord nach Anspruch 4, wobei alle der AuRRen-
litzen Filamente mit im wesentlichen einem glei-
chen Filamentdurchmesser aufweisen, wobei die
wenigstens eine Zentrallitze Filamente mit einem
Durchmesser umfallt, welcher grofRer als der Fila-
mentdurchmesser der Filamente der Aulienlitzen
ist.

Stahlkord nach Anspruch 4 oder 5, wobei alle der
Aufenlitzen eine gleiche Anzahl an Filamenten auf-
weisen, wobei die wenigstens eine Zentrallitze
mehr Filamente als die AuRRenlitzen umfal3t.

Stahlkord nach Anspruch 1 oder 2, wobei die An-
zahl an Litzen in dem Stahlkord neunzehn ist, eine
Zentrallitze, sechs Zwischenlitzen und zwolf Au-
Renlitzen.

Stahlkord nach Anspruch 7, wobei alle der Zwi-
schenlitzen im wesentlichen einen gleichen Durch-
messer aufweisen und alle der Aul3enlitzen im we-
sentlichen einen gleichen Durchmesser aufweisen,
wobei die Zentrallitze einen Durchmesser aufweist,
welcher gréRer als der Durchmesser der Zwischen-
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litzen und gréRer als der Durchmesser der Aul3en-
litzen ist.

Stahlkord nach Anspruch 1 oder 2, wobei die An-
zahl an Litzen in dem Stahlkord siebenundzwanzig
betragt, drei Zentrallitzen, neun Zwischenlitzen und
finfzehn Aulenlitzen.

Stahlkord nach Anspruch 9, wobei alle der Zwi-
schenlitzen im wesentlichen einen gleichen Durch-
messer aufweisen und alle der Auf3enlitzen im we-
sentlichen einen gleichen Durchmesser aufweisen,
wobei wenigstens eine der Zentrallitzen einen
Durchmesser aufweist, welcher gréRer ist als der
Durchmesser der Zwischenlitzen und grofer ist als
der Durchmesser der AufRenlitzen.

Stahlkord nach einem der Anspriiche 2 bis 10, wo-
bei die Kordverdrillungsrichtung gleich der Litzen-
verdrillungsrichtung ist.

Stahlkord nach einem der Anspriiche 2 bis 10, wo-
bei die Kordverdrillungsrichtung entgegengesetzt
zu der Litzenverdrillungsrichtung ist.

Stahlkord nach einem der Ansprtiche 2 bis 12, wo-
bei die Kordverdrillungssteigung im wesentlichen
gleich der Litzenverdrillungssteigung ist.

Stahlkord nach einem der Anspriiche 2 bis 12, wo-
bei die Kordverdrillungssteigung sich von der Lit-
zenverdrillungssteigung unterscheidet.

Revendications

Cablé d'acier (10) comprenant au moins huit torons
(12, 14) retordus ensemble, chacun desdits torons
ayant a peu prés une méme direction de torsion de
cable, chacun desdits torons consistant en deux a
cinqg filaments individuels (16, 18) retordus ensem-
ble, caractérisé en ce que chacun desdits torons a
a peu prés un méme pas de torsion de cable dans
ledit cable d'acier.

Cablé d'acier selon la revendication 1, dans lequel
les filaments individuels de chacun desdits torons,
ont été retordus dans une méme direction de tor-
sion de toron et avec un méme pas de torsion de
toron.

Cablé d'acier selon la revendication 1 ou 2, dans
lequel le nombre de torons dans le cable d'acier est
de 12 : trois torons centraux et neuf torons exté-
rieurs.

Cablé d'acier selon la revendication 3, tous lesdits
torons extérieurs ayant a peu prés un méme diame-
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tre de toron extérieur, et au moins I'un desdits torons
centraux ayant un diamétre de toron supérieur au
diamétre de toron des torons extérieurs.

Cablé d'acier selon la revendication 4, tous lesdits
torons extérieurs comportant des filaments ayant a
peu pres un méme diamétre de filament, ledit au
moins un toron central comprenant des filaments
ayant un diameétre supérieur au diameétre de fila-
ment des filaments des torons extérieurs.

Cablé d'acier selon la revendication 4 ou 5, tous les-
dits torons extérieurs comportant un méme nombre
de filaments, ou ledit au moins un toron central com-
prenant plus de filaments que les torons extérieurs.

Cablé d'acier selon la revendication 1 ou 2, dans
lequel le nombre de torons dans le cable d'acier est
de dix-neuf, un toron central, six torons intermédiai-
res et douze torons extérieurs.

Cablé d'acier selon la revendication 7, tous lesdits
torons intermédiaires ayant a peu prés un méme
diametre et tout lesdits torons extérieurs ayant a
peu prés un méme diametre, le toron central ayant
un diamétre supérieur au diamétre des torons inter-
médiaires, et supérieur au diameétre des torons ex-
térieurs.

Cablé d'acier selon la revendication 1 ou 2, dans
lequel le nombre de torons dans le cable d'acier est
de vingt-sept, trois torons centraux, neuf torons in-
termédiaires et quinze torons extérieurs.

Cablé d'acier selon la revendication 9, tous lesdits
torons intermédiaires ayant a peu prés un méme
diametre et tous lesdits torons extérieurs ayant a
peu prés un méme diamétre, au moins I'un desdits
torons centraux ayant un diamétre supérieur au dia-
metre des torons intermédiaires, et supérieur au
diamétre des torons extérieurs.

Cablé d'acier selon I'une quelconque des revendi-
cations 2 a 10, dans lequel ladite direction de tor-
sion de cable est la méme que ladite direction de
portion de toron.

Cablé d'acier selon I'une quelconque des revendi-
cations 2 a 10, dans lequel ladite direction de tor-
sion de cable est opposée a ladite direction de tor-
sion de toron.

Céablé d'acier selon I'une quelconque des revendi-
cations 2 a 12, dans lequel ledit pas de torsion de
cable est a peu prés égal.

Cablé d'acier selon I'une quelconque des revendi-
cations 2 a 12, dans lequel ledit pas de torsion de
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cable est difféerent dudit pas de torsion de toron.
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