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(54) Steel cord

(57)  The present invention relates to a steel cord
(10) especially for reinforcing rubber articles. The steel
cord (10) comprises at least one bundle (11) of several
helically shaped filaments (12) and at least one single
filament (13). In accordance with the invention the flex-
ural strength of said at least one bundle (11) amounts
to at least 50 percent or at most 150 percent of the flex-
ural strength of said at least one single filament (13).

Preferably, the flexural strength of said bundle is be-
tween 50 and 150 percent of the flexural strength of the
at least one single filament. When twisting the bundle
(11) with the single filament (13) the desired helical
shape of the filaments (12) of the bundle (11) is achieved
automatically. It is no longer necessary to pre-shape
said filaments (12) so that production of the steel cord
(10) is simplified.
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EP 1167 620 A1
Description

[0001] The presentinvention relates to a steel cord especially for reinforcing rubber articles, comprising at least one
bundle consisting of a plurality of helically shaped filaments and at least one single filament.

[0002] A steel cord of the above mentioned kind as well as a method of its production are disclosed in WO 97/12091.
The filaments of the bundle are helically pre-shaped by means of false twisters. Next, one or several single filaments
are wrapped around the bundle. The helical shape is necessary to avoid movement of the filaments out of the steel cord.
[0003] Similar steel cords are disclosed in US 4,022,009 and US 4,545,190. Both prior art documents teach pre-
shaping the filaments of the bundle.

[0004] Itis a drawback of the known steel cords and methods of production that the filaments of the bundle require
pre-shaping. At least one additional step is necessary to ensure that the desired helical shape is provided.

[0005] Accordingly, it is an object of the present invention to provide a steel cord which ensures the desired helical
shape of the filaments of the bundle while at the same time allowing for a simplified method of production.

[0006] In accordance with a first embodiment of the invention said object is achieved with a steel cord of the above
mentioned kind in which the flexural strength of said at least one bundle amounts to at least fifty percent of the flexural
strength of said at least one single filament.

[0007] In accordance with a second embodiment of the invention said object is achieved with a steel cord of the
above mentioned kind in which the flexural strength of said at least one bundle amounts to at most 150 percent of the
flexural strength of said at least one single filament.

[0008] Preferably, said two embodiments are combined so that the flexural strength of the at least one bundle amounts
to at least fifty percent and at most 150 percent of the flexural strength of the at least one filament.

[0009] Due to the selection of the flexural strength the filaments of the bundle need no longer be pre-shaped. The
desired helical shape is automatically achieved as soon as the bundle and the at least one single filament are twisted
around each other.

[0010] The flexural strength of a bundle of filaments as well as of a single filament is determined in accordance with
"Internationally Agreed Methods for Testing Steel Tire Cords", BISFA, The International Bureau for Standardisation of
Man-Made Fibres, 1995 Edition. The disclosure of said document is incorporated by reference. Flexural strength in
accordance with said document is determined by bending a bundle or single filament to be tested for a certain angle,
typically 15 degrees. The torque required for bending is measured. Next, the flexural strength is determined based on
the measured values. The apparatus for determining the flexural strength is referred to as Taber Stiffness Tester, and
the flexural strength is accordingly expressed in Taber Stiffness Units (TSU).

[0011] The flexural strength may be mathematically calculated by the following formula:

flexural strength (TSU) = n # ¢ # f  d*,

with

n  number of filaments of the bundle
¢ conversion factor

f material constant

d diameter of the filaments

[0012] In order to calculate the flexural strength of a single filament the value of n is set to 1.

[0013] Advantageous embodiments of the invention read from the dependent claims.

[0014] In a first advantageous embodiment the flexural strength of said bundle exceeds the flexural strength of said
at least one single filament by at most 35 percent, preferably 25 percent and more preferably 5 to 15 percent. The
given values provide sufficient deformation of the bundle when twisting with the at least one single filament during
production.

[0015] With respect to a second advantageous embodiment the flexural strength of said bundle substantially corre-
sponds to or is slightly lower than the flexural strength of said at least one single filament. With said embodiment the
flexural strength of the single filament may be higher than that of the bundle. Accordingly, the bundle will be deformed
to a greater extent than the single filament. Therefore, the steel cord in accordance with the invention can be designed
to meet the current boundary conditions.

[0016] To advantage the filaments of said bundle are combined in parallel. Said arrangement enhances the properties
of the steel cord when in use.

[0017] According to a further aspect of the invention the filaments of said bundle feature the same diameter. Addi-
tionally, to advantage the steel cord comprises several single filaments featuring the same diameter, too. The diameter



10

15

20

25

30

35

40

45

50

55

EP 1 167 620 A1

of the single filaments is larger than the diameter of the filaments of said bundle in order to provide the required ratio
of the respective flexural strength. The use of filaments and single filaments with only one respective diameter allows
for simplification of manufacture and storage.

[0018] Advantageously said bundle and said at least one single filament are twisted around each other with a variable
pitch. The pitch may vary between 6,3 and 25 mm. The properties of the steel cord in accordance with the present
invention can be changed by varying the pitch. The desired helical shape of the filaments of said bundle is obtained
automatically when twisting said bundle and said at least one single filament.

[0019] Advantageously the diameter of the filaments of said bundle and the diameter of said at least one single
filament is between 0,15 and 0,40 mm. The filaments of said bundle as well as the single filament may be provided
with a coating, especially of brass. As alternative another organic, inorganic or metallic coating may be provided which
ensures proper adhesion to a surrounding rubber mixture. In many applications the filaments are drawn after the coat-
ing.

[0020] The invention will now be detailed by way of example embodiments illustrated schematically in the drawings.
Like reference signs have been used for parts identical or identical in function.

Figure 1 shows a cross-section of a first embodiment of a steel cord in accordance with the invention;

Figure 2  shows a cross-section of a second embodiment of a steel cord in accordance with the invention;
Figure 3  shows a cross-section of a third embodiment of a steel cord in accordance with the invention;

Figure 4  shows a cross-section of a forth embodiment of a steel cord in accordance with the invention; and
Figure 5 shows a schematical side view of a fifth embodiment of a steel cord in accordance with the invention.

[0021] Figures 1 to 4 show four different embodiments of a steel cord 10 in accordance with the invention in cross
section. The steel cord 10 comprises a bundle 11 consisting of a plurality of helically shaped filaments 12 and several
single filaments 13. The filaments 12 and the single filaments 13 feature the same respective diameter, the diameter
of the single filaments 13 being larger than the diameter of the filaments 12 of the bundle 11.

[0022] A gap 14 may be formed between the bundle 11 and the single filaments 13. Said gap 14 is advantageously
filled with a suitable material not shown in detail in order to prevent corrosion. A suitable material is e. g. disclosed in
WO 97/12090 filed by the same applicant. As alternative one or more single filaments 13 with a non-circular, preferably
flattened cross-section may be used in order to provide openings through which the gap 14 communicates with the
environment. When applying rubber to the steel cord 10 said rubber may penetrate through said openings into the gap
14.

[0023] In order to manufacture the steel cord 10 the filaments 12 are combined in parallel to the bundle 11. It is not
necessary to pre-shape said filaments 12. Next, the bundle 11 is twisted with the single filaments 13. The desired
helical shape of the filaments 12 of said bundle 11 and of said single filaments 13 is obtained automatically. The required
deformation of the filaments 12 of said bundle 11 during twisting is ensured by the ratio of the flexural strengths of the
bundle 11 and each single filament 13 in accordance with the invention.

[0024] The following table details the number and the diameter of the filaments 12 used in the bundle 11 and the
diameter of the single filaments 13. It depicts the ratio of the resulting flexural strengths, too.

Table
Bundle Single Filament | Ratio of respective Flexural Strengths

Figure 1 n=d4 3x0,22 0,265 142,5 %
0,00702768 0,00493155

Figure 2 n=d4 2x0,175 0,22 80,1 %
0,00187813 0,00234256

Figure 3 n=d4 3x0,22 0,28 114,3 %
0,00702768 0,00614656

Figure 4 n=d4 4x0,20 0,285 97,0 %
0,0064 0,0065975

[0025] Figures 1 to 4 depict the diameters cited in the above table approximately in the scale 5:1. In the embodiment
according to Figure 1, the flexural strength of the bundle 11 exceeds the flexural strength of each single filament 13
by approximately 42 percent. According to Figure 2 the flexural strength of the bundle 11 is slightly lower than the
flexural strength of each single filament 13. Figure 3 shows a steel cord 10 in which the flexural strength of the bundle
11 exceeds the flexural strength of each single filament 13 by approximately 14 percent. In the embodiment of Figure
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4 the flexural strength of the bundle 11 substantially corresponds to the flexural strength of each single filament 13.
[0026] The ratio of the flexural strengths of the bundle 11 and each single filament may approximately be calculated
by means of the formula cited at the beginning of the specification.

[0027] The ratio of the flexural strengths is

4

nresfed,®  rdpyt
et (@)

cxfxd,
with
n,c, f: asabove,
dy: diameter of a filament 12 of the bundle 11,
d,: diameter of a single filament 13.
[0028] The number of filaments 12 of the bundle 11 and the ratio of diameters d;/d, may be calculated for each

desired ratio of flexural strengths. With a lower value of 50 percent and an upper value of 150 percent for said ratio, it
results:

which may be transformed to:

{0501, 15
nd, n

n may only be a whole number. The following table shows the ratio of diameters d,/d, for values of n running from 2
to 5 and the above mentioned range from 0,5 to 1,5 for the ratio of the flexural strengths:

d,/d,

0,707 - 0,930
0,639 - 0,841
0,595 - 0,783
0,562 - 0,740

a b~ WN|D

[0029] Depending on the boundary conditions the ratio of diameters d4/d, and/or the number n of filaments 12 of
bundle 11 may be calculated from the above formulas. The ratio of the flexural strengths may, accordingly, be set as
desired.

[0030] Figure 5 shows a schematic side view of a further embodiment of a steel cord 10 in accordance with the
invention. The bundle 11 consists of four filaments 12. There is provided only one, comparatively thick filaments 13.
The filaments 12 are combined in parallel to the bundle 11 and subsequently twisted with the single filament 13 with
a pitch S. Said twisting automatically provides the desired helical shape of the bundle 11 and its filaments 12 as well
as of the single filament 13. The pitch S may vary between 6,3 and 25 mm.

[0031] The steel cord 10 in accordance with the invention allows the use of filaments 12 without pre-shaping due to
the special ratio of the flexural strengths. The previously required step of pre-shaping may be omitted.

Claims

1. Steel cord, especially for reinforcing rubber articles, comprising at least one bundle (11) consisting of a plurality
of helically shaped filaments (12) and at least one single filament (13), characterized in that the flexural strength
of said at least one bundle (11) amounts to at least 50 percent of the flexural strength of said at least one single
filament (13).
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Steel cord, especially for reinforcing rubber articles, preferably according to claim 1, comprising at least one bundle
(11) consisting of a plurality of helically shaped filaments (12) and at least one single filament (13), characterized
in that the flexural strength of said at least one bundle (11) amounts to at most 150 percent of the flexural strength
of said at least one single filament (13).

Steel cord according to claim 1 or 2, characterized in that the flexural strength of said bundle (11) exceeds the
flexural strength of said at least one single filament (13) by at most 35 percent, preferably 25 percent and more

preferably 5 to 15 percent.

Steel cord according to claim 1 or 2, characterized in that the flexural strength of said bundle (11) substantially
corresponds to or is slightly lower than the flexural strength of said at least on single filament (13).

Steel cord according to any of claims 1 to 4, characterized in that the filaments (12) of said bundle (11) are
combined in parallel.

Steel cord according to any of claims 1 to 5, characterized in that the filaments (12) of said bundle (11) feature
the same diameter.

Steel cord according to any of claims 1 to 6, characterized in that the steel cord (10) comprises several single
filaments (13) featuring the same diameter.

Steel cord according to any of claims 1 to 7, characterized in that said bundle (11) and said at least one single
filament (13) are twisted around each other with a variable pitch (S).

Steel cord according to claim 8, characterized in that the pitch (S) is between 6,3 and 25 mm.

Steel cord according to any of claims 1 to 9, characterized in that the diameter of the filaments (12) of said bundle
(11) and the diameter of said at least one single filament (13) is between 0,15 and 0,40 mm.
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