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High elongation steel cord with preformed strands

Field of the invention.

The patent relates to a steel cord with a high elongation at break and high E-

modulus for reinforcing elastomer product.

Background of the invention.

High elongation at break means the elongation at break of the cord is at least 5%.
It is well know that productivity of the cord will increase with the lay length
increasing. However, a high lay length of the cord will cause the loss of elongation
at break. Once a steel cord is formed with a higher lay length, its elongation at
break will be lower. Generally the cord and the strand are twisted in same

direction to get a high elongation at break.

In solid mechanics, E-modulus is a measure of the stiffness of a material in the
elastic region. It is defined as the ratio of the stress over the strain in the range of
stress in which Hooke's Law holds. This can be experimentally determined from
the slope of a stress-strain curve created during tensile tests conducted on a
sample of the material. To linear materials such as steel, E-modulus is essentially

constant over a range of strains.

The stiffness of a cord is of principal importance to keep the tire diameter stable in

high speed, so the E-modulus is often one of the primary properties considered

SUBSTITUTE SHEET (RULE 26)
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when selecting a cord structure. As the E-modulus is higher, the steel cord is

stiffer.

US 5661966 discloses a steel cord with high lay length and high elongation at
break. The steel cord comprising plurality strands has an elongation of more than
5%. The lay length of the cord is 8 to 15 times the diameter of the cord. The
filaments of the strand are wavy preformed with a pitch smaller than the lay length
of the strands before twisting together. Generally the loss of elongation at break
when using long lay length can be compensated by preforming filaments.
Although the elongation at break and lay length is high, there is a problem that the

E-modulus is small and the steel cord is not very stiff.

3x7 high elongation at break steel cord is a popular cord in the market to reinforce
the tire. But there is a drawback that the cord is formed with low lay length. So it is
produced with a high cost. The breaking load of the cord is not very high. Also the

E-modulus is low so that the cord is not very stiff.

Summary of the invention.

It is an object of the present invention to overcome the problem of the prior arts.
It is a further object of the present invention to provide a stiffer steel cord.
It is another object of the present invention to provide a steel cord with high

elongation at break and high E-modulus.
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According to the present invention, a steel cord with a high elongation at break
being at least 5% comprises n strands, and each of the strands has m filaments
twisted together, and n ranges from 2 to 7 while m ranges from 2 to 9. The strands
and filaments are twisted in a same direction. The lay length of the steel cord is Lc
and the lay length of the strand is Ls. The ratio of Ls to Lc (Ls/Lc) ranges from
0.25to 1, and Lc ranges from 16 mm to 26 mm. The strands are helically

preformed. The E-modulus of the steel cord is more than 150000 N/mm2.

To obtain a stiff steel cord, the steel cord is formed with long lay length. Lc ranges
from 16 mm to 26 mm. Preferably Lc ranges from 18 mm to 24 mm. Most

preferably Lc is 20 mm.

According to the present invention, the ratio of Ls to Lc (Ls/Lc) ranges from 0.25

to 1. Preferably the ratio ranges from 0.30 to 0.50. Most preferably the ratio is 0.35.

Also as the lay length increases, the productivity increases. And the cost of the

product decreases.

To obtain a high elongation at break steel cord, the strand is helically preformed

before being twisted into a steel cord. Due to the helically pre-formation, the
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strand has a three dimensional deformation. Also the strand can get a good

surface, fatigue and adhesion.

According to the present invention, the strand has pitch Ps for the preformation
(which is different from the twisting pitch) and amplitude As for the preformation.
Preferably Ps is 50 to 120 times diameter D of the filament. Most preferably Ps is
70 to 100 times diameter D. Preferably As is 8 to 12 times diameter D of the

filament. Most preferably As is 9 to 11 times diameter D.

Preferably the Ps is equal to Lc, which means that the lay length of the cord Lc is
equal to the pitch of the preformation. This has an advantage that the
preformation can be done immediately before the twisting, making use of the
rotational movement that the strands already have just before the twisting point or

cord formation point.

The steel cord with such long lay length has an E-modulus more than 150000

N/mm?2. Preferably the E-modulus is more than 160000 N/mm2.

Due to the pre-formation on the strands and same twisting direction of strands and
filaments, the elongation at break of the steel cord is at least 5%. Even it reaches

to 10%.
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The filament reinforcing the steel cord has a diameter D ranging from 0.05 mm to
0.60 mm. Preferably diameter D ranges from 0.10 mm to 0.45 mm. Generally
diameter D can be 0.10, 0.12, 0.13, 0.15, 0.175, 0.20, 0.22, 0.245, 0.25, 0.265,

0.27, 0.28, 0.30, 0.32, 0.35, 0.38, 0.40, 0.42 or 0.45 mm.

The steel cord has a structure of n x m. The n ranges from 2 to 7, and m ranges
from 2 to 9. The cord can be 2x2, 2x3, 2x4, 2x5, 2x6, 2x7, 2x8, 2x9, 3x2, 3x3,

3x4, 3x5, 3%6, 3x7, 3%8, 3%9, 4%2, 4x3, 4x4, 4x5, 4x6, 4%T7, 4%8, 4%9, 5x2, 5x3,
5x4, 5x5, 5x6, 5x7, 5x8, 5x9, 6%2, 6%3, 6%4, 6%5, 6X6, 6X7, 6X8, 6X9, 7x2, 7%3,

7x4,7x5, 7x6, 7Tx7, 7x8 or 7x9.

The steel cord is used for reinforcing the elastomer product. The elastomer

product can be a tyre of passenger car, bus, truck, earthmover and off-the-road

tyre.

Brief description of the drawings.

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

- FIGURE 1 shows a front view of a strand with a helically pre-formation
- FIGURE 2 shows a sectional view of a steel cord comprising preformed

strands with a structure of 3x7
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- FIGURE 3 shows a sectional view of a steel cord comprising preformed
strands with a structure of 4x7

- FIGURE 4 shows a sectional view of a steel cord comprising preformed
strands with a structure of 3x6

- FIGURE 5 shows a Force-Elongation curve of two steel cords, one is the

invented steel cord and another is prior art steel cord

Description of the preferred embodiments of the invention.

A steel filament 10 can be made as follows:

Wire rod forms the starting material. Wire rod has a typical composition along the
following lines: a carbon content ranging from 0.60 % to 1.25 %, a manganese
content ranging from 0.20 % to 1.10 %, a silicon content ranging from 0.10 % to
0.90 %, sulfur and phosphorous contents being limited to 0.10 %, additional micro-
alloying elements such as chromium (up to 0.20 % - 0.40 %), copper (up to 0.20
%), vanadium (up to 0.30 %), boron, nickel, molybdenum, niobium, copper

calcium, aluminum, titanium, and nitrogen may be added.

The wire rod is drawn in a first series of dry drawing steps into a steel wire with an
intermediate diameter. The steel wire is then subjected to a heat treatment such
as patenting in order to allow for further drawing. The steel wire can be coated
with a brass coating, e.g. by means of a diffusion process applied to a zinc and a

copper coating.
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The brass coated steel wire is then drawn until a steel filament 10 with a final

filament diameter.

For a final filament 10, the tensile strength of the final steel filament 10 may vary
between 2000 MPa and 5000 MPa. May be the tensile strength is more than 3500

MPa. Even the tensile strength is more than 4000 MPa.

Figure 1 shows a front view of helically preformed strand 20. The strand 20 is
formed with 7 filaments 10 with a diameter D of 0.22 mm. The filaments 10 are
parallel and then twisted with a twisted pitch, so that the strand 20 has a lay length

Ls of 7 mm. 3 strands 20 are helically preformed.

Figure 2 shows the sectional view of a first preferred embodiment steel cord 30
with a structure of 3 x 7. 3 strands are twisted with a long lay length in the same

direction with the filaments into steel cord 30.

Finally the lay length of the steel cord 30 Lc is 20 mm. The strand 20 has

preformation pitch Ps of 19.9 mm and preformation amplitude As of 2.10 mm.

Due to the long lay length and preformed strands, the steel cord 30 has high E-

modulus and high elongation at break.
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Compared with a prior art 3 x 7 steel cord which strands are not preformed and
lay length is low, some properties are measured. The table below shows the

results.
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Steel Cord 30 | Priorart 3 x 7
steel cord
Diameter of the filament (mm) 0.22 0.22
Lay length of the strand (mm) 7 4.8
Lay length of the cord (mm) 20 8
Diameter of the cord (mm) 1.449 1.443
Filaments with pre-formation No No
Strands with pre-formation Yes No
Structural elongation (%) 2.0 1.9
Elongation at break of the cord | 5.12% 5.14%
(%)
Breaking load of the cord (N) 2339 2084
E-modulus of the cord (N/mm2) | 163287 105510

From the Table 1, compared with the prior art steel cord, the diameter and

structural elongation of the steel cord 30 has no obvious difference. But the

breaking load of the steel cord 30 increases obviously. Especially the E-modulus

of the steel cord 30 is nearly 55% higher than that of the prior art steel cord. In

other words the steel cord 30 is stiffer than the prior art steel cord.
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Figure 5 shows the Force-Elongation curve 32 of the steel cord 30 and the Force-
Elongation curve 40 of prior art steel cord. Also the difference on the E-modulus
between the steel cord 30 and the prior art steel cord is great. The E-modulus of

the steel cord 30 is higher than that of the prior art steel cord.

Figure 3 shows a sectional view of a second preferred embodiment steel cord 50
comprising 4 helically preformed strands 20 and having a lay length Lc of 20 mm.
The elongation at break is 5.5%. The E-modulus of the steel cord 50 is 175324

N/mm?2.

Figure 4 shows a sectional view of a third preferred embodiment steel cord 70
comprising 3 helically preformed strands 60 and having a lay length Lc 23 mm.
Each strand 60 comprises 6 filaments. The lay length of the strand 60 Ls is 11.2
mm. The strand 60 has preformation pitch Ps of 29.8 mm and preformation
amplitude As of 2.16 mm. The elongation at break of the steel cord 70 is 5.6%.

The E-modulus of the steel cord 70 is 155324 N/mm?.
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CLAIMS

1. A steel cord with a high elongation at break being at least 5% comprising n
strands, said strands being helically preformed, each of said strands has m
filaments twisted together, said n ranging from 2 to 7, said m ranging from 2 to
9, said strands and said filaments being twisted in a same direction, the lay
length of said cord being Lc and the lay length of said strand being Ls,
characterized in that the ratio of said Ls to said Lc (Ls/Lc) ranges from 0.25 to
1, said Lc ranges from 16 mm to 26 mm, the E-modulus of said steel cord is
more than 150000 N/mma2.

2. A steel cord as claimed in claim 1, characterized in that said Lc ranges from 18
mm to 24 mm.

3. A steel cord as claimed in claim 2, characterized in that said Lc is 20 mm.

4. A steel cord as claimed in any one of claim 1 to 3, characterized in that said
ratio of said Ls to said Lc (Ls/Lc) ranges from 0.30 to 0.50.

5. A steel cord as claimed in claim 4, characterized in that said ratio of Ls to said
Lc (Ls/Lc) is 0.35.

6. A steel cord as claimed in any one of claim 1 to 5, characterized in that said
helically preformed strand has a preformation pitch Ps and a preformation
amplitude As, said Ps is 50 to 120 times diameter D of the filament and said As

is 8 to 12 times diameter D of the filament.
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7. A steel cord as claimed in claim 6, characterized in that said Ps is 70 to 100
times diameter D and said As is 9 to 11 times diameter D.

8. A steel cord as claimed in claim 6 or 7, characterized in that said Ps is equal to
said Lc.

9. A steel cord as claimed in any one of claim 1 to 8, characterized in that said n
is 3 while said mis 7.

10. The use of steel cord as claimed in any one of claim 1 to 9 is reinforcing

elastomer product.
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