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(54) Title: HYBRID STRANDED CONDUCTOR
(54) Bezeichnung : HYBRIDLITZE

(57) Abstract: The invention relates to a hybrid stranded conductor (1),
comprising a core (2) and outer wires (3") arranged around said core (2), wherein
at least a part of the outer wires (3") is compressed, wherein the compressed outer
wires have a flattened cross-sectional shape, the outer wires (3') are composed of
steel, and the core (2) is a fiber core. The invention further relates to a
corresponding production method for such a hybrid stranded conductor (1).

(57) Zusammenfassung: Hybridlitze (1) mit einem Kern (2) sowie mit um diesen
Kern (2) herum angeordneten Auflendrdhten (3'), wobei zumindest ein Teil der
Auflendrdhte (3") verdichtet ist, wobei die verdichteten Auflendrdhte eine
abgeflachte Querschnittsform aufweisen, die Aullendréhte (3') aus Stahl bestehen
und der Kern (2) ein Faserkern ist. Ein entsprechendes Herstellungsvertahren fiir
solch eine Hybridlitze (1) ist ebenfalls offenbart.
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HYBRID STRANDED CONDUCTOR

The invention relates to a hybrid strand comprising a core and outer
wires laterally contacting each other and arranged around said core.
Furthermore, a subject matter of the invention is a rope comprising

several such hybrid strands.

In addition, the invention also relates to a method for the production

of such hybrid strands.

A wire rope including an independent wire rope core 1is known from US
5,946,898 A. Also described is a rope construction made of hybrid
strands comprising a fibre core and wires arranged around it; said
rope 1is placed as a core rope inside the wire rope provided as a
whole. In case of the known rope, it is intended to prevent the wires
or strands from shifting within the rope construction, and it is
proposed to compress the entire rope and thereby reduce the cross-
section of the compressed rope as compared to the uncompressed rope.

The DE 1 920 744 relates to an aluminium steel overhead rope
comprising an aluminium sheath consisting of at least one.layer of
circular-segment-shaped individual wires, the aluminium layer
enclosing the steel core without any essential clearance and being
compressed in particular with the steel core by a hydraulic press. The
citation relates to a rope, however, not to a hybrid strand. Due to

the materials used the rope also has a relatively high weight.

The US 3,142,145 discloses an apparatus for the spiral stranding of a
cable core with reinforcing wires having a non-circular cross-~section,
in particular a trapezoidal cross-section. The reinforcing wires are
provided in this given shape on a spool, in order to be stranded with
the core. This citation does not relate to a hybrid strand either, but

to a cable.
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The DE 125643 relates to a suspension cable, for cable railways, whose
core is formed by a wire spiral or several intermeshing wire spirals
having a common longitudinal axis, in which wire spirals a hemp rope
is inserted. Individual profiled wires are stranded around the core
made of wire spirals and hemp rope, which profiled wires have an S-
shaped cross-section. This citation is not directed to a hybrid strand

either.

However, it is the object of the invention to provide hybrid strands
with a comparably small diameter or with a comparably high breaking
force, in relation to a given diameter, wherein the hybrid strands or
a rope made of these hybrid strands may also have a relatively low

weight.

Accordingly, the invention provides a hybrid strand comprising a core
and outer wires arranged around said core, wherein it is provided that
at least a part of the outer wires 1is compressed, wherein the
compressed outer wires comprise a flattened cross-sectional shape,
the outer wires are composed of steel and the core is a fibre core,
wherein a first compressed outer wire is spaced apart from an adjacent
compressed outer wire wherein a lateral flattened area of the first
compressed outer wire faces a lateral flattened area of the adjacent
compressed outer wire at a distance. Of course, the present hybrid
strand may comprise several layers of outer wires or wires around the
core, wherein in particular the mutual contact of the outer wires in
the outer layer during the production, and their compression up to a

flattening of the cross-section are of importance.

The outer wires may comprise an approximately trapezoidal or circular-
segment-shaped cross-sectional shape. The distance between the facing
flattened areas may be essentially constant, preferably in sections.
The outer wires are made of steel and the core is a fibre core, that
is to say a core made of natural fibres or synthetic fibres, with
synthetic fibres being preferred due to their higher load bearing

capacity.

The compression (compaction) of the outer wires is effected by means

of a compression tool known per se. It is a special feature that in

CA 2993238 2020-02-21
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the present case it is not a rope composed of a plurality of hybrid
strands that is compressed by means of such a compression tool, as is
proposed in the cited US 5,946,898 A, but that components of the rope,
i. e. the hybrid strands are compressed already prior to the

production of the final rope.

It is to be noted that, as compared to compressed ropes which are
entirely composed of steel, ropes made of uncompressed hybrid strands
comprise a comparatively low breaking force, with the diameter being
the same. To obtain a breaking force that is comparable to that of
ropes that are entirely composed of steel, an uncompressed hybrid rope
must have a larger diameter, thus causing a higher weight, apart from

the additional costs of such & rope.

Due to the compression of the hybrid strands which is provided here,
the outer wires are cold-formed and the cross-section of the outer
wires is flattened, whereby starting from a round cross-section in
particular an approximately trapezocidal or circular-segment-shaped
cross—-section is obtained. It is essential that the cavities between
the wires are minimized by the compressing process, whereby the
relative metallic cross-section and thus the breaking force of the

hybrid strand is increased significantly.

Thus, with the present hybrid strands a comparably light, compressed
hybrid rope may be obtained, which may have a lower weight per length
unit as well as a higher specific strength as compared to a compressed

steel rope, with the rope nominal diameter being the same.

The rope composed of the present hybrid strands may advantageously be
an anti-twist rope, 1. e. the torques of the hybrid strands may
counterbalance or at least mainly compensate each other when the
hybrid strands are arranged accordingly within the rope, other than
in the case of conventional hybrid ropes, in which a fibre core is
surrounded by wire strands composed entirely of steel, whereby no
absence of torsion (twist) may be achieved, since the torques of the
fibres and of the steel wires differ from each other too much.

In the method according to the invention for the production of the

3
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hybrid strands, wires or outer wires, respectively are wrapped around
a core and compressed, in particular arcund the fibre core, wherein
the outer wires have at least almost contact in the state when still
uncompressed, during compression contact each other in a lateral
contact area, in a flat manner and wherein at least part of the outer
wires comprises a flatted cross-sectional shape in the contact area
after compression.

In the case of the compressed wire strands any inner wires are supposed
to have the same transverse pressure stiffness as the outer wires,
i. e. the wires of the outer wire layer, and thereby the wires are
able to build up the counter pressure required for deforming the outer
wires. A fibre core per se, however, could not withstand the external
pressure of a compression tool (e. g. rolls, draw die or hammers);
instead, the fibre core will yield. Thus, the outer wires cannot be
deformed sufficiently. After “compression”, 1. e. passing of a
compressing tool, the hybrid strand may spring back, i. e. when the
counter pressure is built up by the fibre core only, the wires again
move radially outwards after compression, and there will not remain
any significant deformation of the wires. In the present method,
however, the fibre core will only yield to such an extent until the
wires, in particular wires of an outer layer in the case of several
layers of wires, completely contact each other. The outer wires
support each other during the compression in a vault-like manner. Due
to this mutual support of the wires as a result of the vault formation,
the entire radial pressure will act upon the outer wire layer upon
compression, and the desired plastic cold forming of the outer wires
may take place. As prior to the vault formation the wires have Deen
pressed a kit against the fibre core during compression, they spring
back to some extent after compression, so that the deformed wires of

the compressed hybrid strand are slightly spaced apart.

To obtain this “vault formation” a corresponding number of outer wires
is to be provided, with an adequate wire diameter and an adeguate lay
angle of the rope wires, as may easily be found out in practice

depending on the entire dimensions of the rope to be produced.

CA 2993238 2019-06-06
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For example, the combination of eleven wires having a diameter of 0.85
mm and a lay angle of 17° proved to be favourable to produce a
compressed hybrid strand having a diameter of 3.8 mm. The number of
outer wires, however, may range from e. g. 3 to 20, whereby the range
from 8 to 14 has proven to be particularly favourable due to the
weight distribution between the fibre core and the outer wires.
Depending on the number of wires the lay angles may range from 5° to
30°, whereby the range from 15° to 25° has proven to be particularly
favourable. Depending on the choice of the wire diameters, hybrid
strands having different diameters are produced. The extent of
compression is determined by dimensioning the initial and final
diameters accordingly. Here, a diameter reduction of the strands 1is
possible by means of a compression in the range from 2% to 20%
depending on the number of outer wires, whereby the range from 4% to

10% has proven to be favourable.

On the whole, ropes comprising hybrid strands can be obtained by the
present method, wherein steel wires are being used, whereby the weight
of the ropes is approximately 30 % lower if the ropes have the same
breaking force as a conventional steel rope or at a corresponding,
approximately identical weight the ropes have a comparably essentially

higher breaking force.

The present invention will be described in more detail on the basis
of preferred embodiments, to which it is not limited, however, with

reference being made to the enclosed drawings, in whichs:

Fig. 1 schematically shows an axonometric view of a portion of a
hybrid strand still prior to the compression of the outer
wires;

Fig. 2 shows an identical axonometric view of said hybrid strand
during the compression of the wires of the outer layer;

Fig. 2a shows a cross sectional view of said hybrid strand after
the compression of the wires of the outer layer;

Fig. 3 shows a cross~section through a non-anti-twist hybrid rope
with such hybrid strands; and

Fig. 4 shows an anti-twist hybrid rope using such hybrid strands.

5
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Fig. 1 schematically shows a part of a hybrid strand 1 1in a
diagrammatic view. This hybrid strand 1 comprises a fibre core 2 as
well as steel wires 3 wrapped around this fibre core 2, wherein in
the example shown in Fig. 1 only one layer of wires (outer wires) 3
is shown. However, it would also be conceivable to provide here (just
like in the subsequent examples) two or more layers of wires, with an
outer layer of wires 3 that are cold-formed in the subsequent

compression.

Such cold forming may be gathered from the view shown in Fig. 2, where
it may be seen that the wires 3’ around the fibre core 2, during
compression, now abut to each other with their sides in a flat vault-
like manner and have an approximately trapezoidal cross-section. Fig.
2a shows that the wires 3’ around the fibre core 2, after compression,
are slightly spaced apart by a distance D. On the whole, the hybrid
rope or the hybrid strand 1 now has a smaller cross-section as compared
to Fig. 1, with a compression of the (outer) wire layer 4 comprising

the wires 3’.

Fig. 3 shows a cross-section through a hybrid rope 5 which is not
torsion-free in this embodiment and in which compressed hybrid strands
1 according to Fig. 2a have been used. For simplification the distances
D between the lateral flattened areas of adjacent compressed outer
wires 3’ are not shown in Fig. 3. Specifically, a core hybrid strand
6 1s provided, around which six hybrid strands of an inner strand
layer 7 are arranged. Finally, an outer layer 8 is provided with eight
hybrid strands 1 (according to Fig. 1), wherein a plastic intermediate
layer 9 supports the outer hybrid strands 1 of this outer layer 8, as
is known as such.

For the purpose of comparison, Fig. 4 shows a cross-section through a
torsion-free hybrid rope 10, wherein comparable hybrid strands 1 (cf.
Fig. 2a) are used, on the one hand, for the core 11 of the rope 10
and, on the other hand, for the construction of a total of three
strand layers 12, 13 and 14. For simplification the distances D between

the lateral flattened areas of adjacent compressed outer wires 3’ are

CA 2993238 2019-06-06
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not shown in Fig. 4.The hybrid strands (1 in Fig. 2a) also have
different diameters to obtain a compact construction.

The hybrid rope 10 according to Fig. 4 is torsion-free, with no plastic
intermediate layer or support body being used, such as is shown in
the case of the rope 5 according to Fig. 3.

3 and Fig.

The cross-sections according to Fig. 4 are examples of

possible rope constructions, wherein of course different types of
other rope constructions are possible.

As may be seen in particular from Fig. 2, 2a, more compact cross-
sections can be obtained by the compression of the hybrid strand 1 or
the cold forming of the outer wires 3’, whereby the entire cross-
section of the hybrid strand 1 is reduced, and whereby the cross-
sections of the wires 3 change from a round cross-sectional shape to
an approximately trapezoidal or circular-segment shape (wires 3’).
The cavities between the wires 3 or 3’ are reduced by the compression
process, whereby the relative metallic cross-section and thus also
the breaking force of the hybrid strand 1 is increased essentially.
On the whole,

ropes 5 and 10, respectively are made possible in this

manner, which may have a weight that is about 30% lower in the case
of a breaking force identical to that of a conventional steel rope or
vice versa may have an essentially higher breaking force in the case

of the same weight.

The following table 1 shows a comparison of values for a conventional

compressed steel rope and a compressed hybrid rope, for example

according to Fig. 3.

Table 1:

Rope nominal steel rope Compressed hybrid rope
Weight per Specific Weight per Specific
meter strength meter strength

24mm 2.75 kg/m 188 kN/kg 1.95 kg/m 265 kN/kg

The compressed hybrid rope has a specific strength that is 40% higher

compared to a compressed rope that is entirely composed of steel.

CA 2993238 2019-06-06
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A comparison of a compressed and a non-compressed hybrid rope (with
identical breaking force) will result - according to table 2 - in the

following nominal diameter of the rope.

Table 2:

Hybrid rope compressed Hybrid rope uncompressed
Nominal diameter of rope Nominal diameter of rope
24 mm 25.25 mm

It is added for the sake of completeness that “specific breaking
force” means the ratio between the general breaking force and the

weight per meter of a rope.

CA 2993238 2019-06-06



CLAIMS:

1. Hybrid strand (1) comprising a core (2) and outer wires
(3’) arranged around said core (2), wherein at least a part
of the outer wires (3’) 1is compressed, the compressed outer
wires (37) comprise a flattened cross-sectional shape, the
outer wires (3’) are composed of steel and the core (2) is
a fibre core, characterized in that a first compressed
outer wire is spaced apart from an adjacent compressed
outer wire wherein a lateral flattened area of the first
compressed outer wire (3’) faces a lateral flattened area
of the adjacent compressed outer wire (3’) at a distance

(D).

2. Hybrid strand according to claim 1, characterized in that
the compressed outer wires (3’) comprise a trapezoidal or

circular-segment-shaped cross-section.

3. Hybrid strand according to claim 1 or 2, characterized in
that the distance between the facing flattened areas is

constant at least in sections.

4. Rope (5; 10) comprising a plurality of hybrid strands (1)

according to claim 1.

5. Rope (10) according to claim 4 in the form of an anti-twist

rope.

6. Method for the production of a hybrid strand (1), wherein
outer wires (3) made of steel are wrapped and compressed
around a fibre core (2), wherein the outer wires (3) during
compression contact each other in a lateral contact area,
in a flat manner, and wherein after compression at least a
part of the outer wires (37) comprises a flattened cross-
sectional shape in the contact area, characterized in that
the outer wires (3) support each other laterally in a

vault-like manner during the compression and the outer
9
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wires (3’) are pressed against the fibre core (2) during
compression prior to the vault formation and spring back
after compression, so that the deformed outer wires (3') of

the compressed hybrid strand (1) are spaced apart.

10
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