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SPECIFICATION
TITLE OF THE INVENTION

HYBRID CORE ROPE

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a hybrid core rope used for a
cableway of an elevator, a crane, a ropeway, a lift, or the like, facilities

for fisheries such as trawling, and other purposes.

Description of the Related Art

There is a known fiber core rope in which a plurality of steel
strands is twisted around a fiber core. By containing oil in the fiber
core, the oil is supplied between the strands and between steel wires
forming the strands during use. Thus, the fiber core rope has a
favorable lubricating property between the fiber core rope and a sheave
and the like. However, upon continuous use, the oil is gradually
withdrawn, so that a diameter decrease rate of a rope diameter (a rate
of reduction in rope diameter) is high. When the rope diameter is
decreased, structural extension generated in the rope is also increased.
Maintenance such as a task of shortening an extended part is

unavoidably required.

There is also a known solid core rope in which a resin solid core
(resin core) is used in place of the fiber core and a plurality of steel

strands is twisted around this solid core. Since the steel strands are
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supported by the solid core, a diameter decrease rate of a rope diameter

of the solid core rope is low, and extension is also small. However,

since the solid core cannot contain oil, maintenance of regularly

applying a lubricant from the outside is unavoidably required.

Japanese Patent No. 2892842 discloses a wire rope in which
eight steel strands 12 are twisted around a core 11 provided with a core
portion 14 made of plastic, rubber, or the like, and a natural fiber
oil-containing portion 15 spirally wound around an outer periphery of
the core portion 14. Although the core portion 14 provides suppression
to some extent, due to the natural fiber {the oil-containing portion 15)
wound around the entire outer periphery of the core portion 14, the fact
remains that a diameter of the wire rope 1s decreased upon continuous
use. It is thought that maintenance such as a task of shortening an

extended part 1s required.

SUMMARY OF THE INVENTION

An object of this invention is to provide a rope which does not

require maintenance or a rope capable of reducing a maintenance task.

An object of this invention is to provide a rope in which rust 1s

not easily generated.

Further, an object of this invention is to provide a rope in which

a strength decrease is small even after long-term use.
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Further, an object of this invention is to provide a rope having
equal fatigue resistance to a solid core rope and also having an o1l

supplementing property.

A hybrid core rope according to this invention includes a resin
solid core in which a plurality of spiral grooves is formed in the
longitudinal direction on an outer peripheral surface thereof, a
plurality of fiber bundles respectively spirally wound around the outer
peripheral surface of the resin solid core along the plurality of spiral
grooves, the fiber bundles having thickness to fill the spiral grooves,
and a plurality of steel strands spirally wound around the outer
peripheral surface of the resin solid core around which the fiber bundles
are wound, wherein the fiber bundles and the strands are respectively

wound so as to have angles which are not parallel to each other.

The fiber bundles are respectively wound around the plurality
of grooves spirally formed on the outer peripheral surface of the resin
solid core, and further, the plurality of strands is spirally wound around
the outer peripheral surface of the resin solid core around which the
fiber bundles are wound. In this specification, a combination of the
resin solid core described above and the fiber bundles wound around
the resin solid core is particularly called as the “hybrid core”, and the
rope having the hybrid core is considered as the “hybrid core rope”.

According to this invention, the fiber bundles and the strands are
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respectively wound so as to have the angles which are not parallel to
each other. Thus, the plurality of strands is in contact with the fiber
bundles at a certain position in the longitudinal direction of the hybrid
core rope and in contact with the resin solid core at the other position.
The plurality of strands is respectively supported by the resin solid core.
Thus, even when tension is applied to the hybrid core rope during use
and a force toward a center of the hybrid core rope is added,
deformation in the diameter direction is suppressed. That is, a
diameter decrease rate of a rope diameter is low. Since the diameter
decrease rate is low, extension of the rope generated due to use of the
hybrid core rope is also small. Therefore, maintenance including a
task of shortening a part extended due to use can be eliminated or the

number of the maintenance can be reduced.

The hybrid core rope according to this invention has the
plurality of fiber bundles respectively in contact with the plurality of
strands in an inner layer thereof. Thus, by containing oil in the fiber
bundles, the oil can be supplied between the strands and between steel
wires forming the strands during use. There is no need for regularly
applying a lubricant (such as grease) to outer peripheral surfaces of the
strands. A maintenance task for maintaining a lubricating property
between the rope and a sheave and the like can be reduced. Even
when the oil is withdrawn from the fiber bundles, the plurality of
strands is respectively supported by the resin solid core as described

above. Thus, a large diameter decrease as the conventional fiber core
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rope is not generated.

A rope in which not fiber bundles but only a resin solid core is
used delivers a performance which is equal to or greater than the
hybrid core rope for the diameter decrease rate of the rope diameter
and the extension rate except the maintenance task for maintaining the
lubricating property. However, in the solid core rope in which only a
resin solid core is used, oil cannot be spread between strands and
between steel wires forming the strands. Thus, fretting wear (wear
due to rubbing) between the strands and between the steel wires
forming the strands during use is relatively severe. Therefore, upon
continuous use, rust is generated on a surface of the rope. In the fiber
core rope in which not a resin solid core but only fiber bundles are used,
there is no support by the resin solid core. Thus, in comparison to the
solid core rope including the resin solid core, a deformation amount at
the time of bending (for example, at the time of passing through the
sheave) is large. Therefore, it is confirmed that even when oil is
contained in the fiber bundles, fretting wear between strands and
between steel wires forming the strands is considerably severe, and
more rust is generated than the solid core rope in which only the resin

solid core 1s used.

Meanwhile, in the hybrid core rope of the invention of the
present application, the strands are supported by the resin sohid core as

described above. A deformation amount thereof (the diameter
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decrease rate of the rope diameter and the extension rate) can be close
to the solid core rope in which only the resin solid core is used.
Moreover, since the oil is appropriately supplied from the fiber bundles,
progress of the rust is very slow. Generation of the rust leads to a
strength decrease of the rope. It can be said that in the hybrid core
rope of the invention of the present application, the strength decrease is

small even after long-term use.

For example, the fiber bundles and the strands are respectively
wound in such a manner that an angle made by the fiber bundles and
the strands is within a range from 20 degrees to 160 degrees. Thereby,
the strands are respectively in contact with the fiber bundles and also
brought into contact with the resin solid core by the appropriate
number of times for unit length in the longitudinal direction. The
number of times for unit length of the contact between the strands and
the fiber bundles and the resin solid core is increased more as the angle
made by the fiber bundles and the strands is closer to 90 degrees, and

the number becomes maximum when the angle is 90 degrees.

In one mode, a ratio between a section area of the resin solid
core and a section area of the sum of the plurality of fiber bundles (resin
solid core : fiber bundles) is within a range from 80:20 to 40:60. When
an area ratio of the resin solid core is 40% or more in a range {(an area)
occupied by the resin solid core and the fiber bundles, the hybrid core

rope can have the substantially same diameter decrease rate, extension
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rate, and fatigue resistance as the solid core rope having only the resin
solid core. When an area ratio of the fiber bundles is ensured by 20%
or more, the maintenance task for maintaining the lubricating property

described above 1s reduced.

A reinforcing material may be provided in the resin sohd core.

Strength or rigidity of the hybrid core rope can be enhanced.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a front view of a hybrid core rope;

Fig. 2 is a sectional view of the hybrid core rope along the line
II-II of Fag. 1;

Fig. 3 is a schematic view showing a cloging process of strands
and a hybrid core;

Fig. 4 is a graph showing a diameter decrease rate of the rope in
a fatigue test;

Fig. 5 is a graph showing an extension rate of the rope in the
fatigue test: and

Fig. 6 is a sectional view of the hybrid core rope of another

embodiment.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig. 1 shows a front view of a hybrid core rope and Fig. 2 shows
a sectional view of the hybrid core rope along the line II-1I of Fig. 1.

For easy understanding of a structure of the hybrid core rope, Fig. 1
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also shows a state that strands are removed from the hybrid core rope
(a hybrid core to be described later) and a state that the strands and
fiber bundles are removed {a resin solid core to be described later). In
Fig. 2, hatching for the strands (a plurality of steel wires forming the

strands) is omitted.

One resin solid core 2 is arranged in a center of a hybrid core
rope 1. Grooves 2a extending in the longitudinal direction of the resin
solid core 2 are spirally formed on an outer peripheral surface of the
resin solid core 2, and fiber bundles 3 are wound around the spiral
grooves 2a. Strands 4 are further twisted around the resin solid core 2

and the fiber bundles 3.

The resin solid core 2 is made of polypropylene (PP},
polyethylene (PE), polyethylene terephthalate (PET), or a material
formed by mixing these materials. Which material to be used and a
mixing ratio are appropriately selected in accordance with an
environment where the hybrid core rope 1is used (such as use in an

ultraviolet-exposed environment and an outside temperature).

Referring to Fig. 2, in the resin solid core 2, three grooves 2a
spirally extending in the longitudinal direction are formed on the outer
peripheral surface of a long object (a solid round bar) having a diameter
of 3 mm to 60 mm and a circular section. The three spiral grooves 2a

are formed at an equal interval and at an equal pitch to each other, and
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any of the grooves has a substantially semi-circular concave portion in
a sectional view. The fiber bundles 3 described in detail next are set in
the grooves 2a. Two or more spiral grooves 2a are preferably formed so
that the fiber bundles 3 are equally placed at any points in the

longitudinal direction of the hybrid core rope 1.

Each of the three fiber bundles 3 is wounded around each of the
three grooves 2a formed on the outer peripheral surface of the resin
solid core 2. The fiber bundle 3 is formed by bundling and twisting
plural natural fiber {(such as cotton and hemp) filaments or synthetic
fiber filaments. The fiber bundle 3 itself (before becoming part of the
hybrid core rope 1) has a substantially circular section, and a diameter
thereof depends on the number of the natural fiber filaments or the
synthetic fiber filaments to be bundled and is appropriately adjusted in
accordance with size of the groove 2a formed in the resin solid core 2.
Preferably, the diameter of the fiber bundle 3 is to fill the entire groove
2a and further slightly run over the groove 2a. The fiber bundle 3 may
be made of only natural fiber or only synthetic fiber, or a mixture of the
natural fiber and the synthetic fiber may be the fiber bundle 3. For
easy understanding, in Fig. 1, the fiber bundle is shown by considerably
emphasizing thickness of the plural filaments forming the fiber bundle

3.

Hereinafter, an item in which the fiber bundles 3 are set in the

grooves 2a of the resin solid core 2 described above is called as the
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“hybrid core 2, 3”. In general, the fiber bundles 3 in which oil is
preliminarily contained are set in the grooves 2a of the resin solid core
2. As a matter of course, the oil can also be contained (or
supplemented) into the fiber bundles 3 from the outer peripheral

surface of the completed hybrid core rope 1.

Each of the strands 4 has a 1+9+9 Seale construction and is
formed by twisting a total of nineteen steel wires having different
diameters and a circular section. By twisting the eight strands 4
around the hybrid core 2, 3 at an equal interval and at an equal pitch,
the hybrid core rope 1 having a diameter of about > mm to 100 mm 1s
formed. The hybrid core rope 1 shown in Figs. 1 and 2 is provided with
the eight strands 4 each of which is formed by the nineteen steel wires,
80 as to have an 8 X 19 construction. As a matter of course, the
number of the strands 4 forming the hybrid core rope 1 is not limited to
eight and the number of the steel wires forming the strands 4 is not
limited to nineteen, needless to say. For example, the hybrid core rope
1 may have a 6 X 7 construction, a 6 X 19 construction, a 6 X 24
construction, a 6 X 37 construction. The strands 4 are not limited to
the Seale construction but a Warrington construction, a
Warrington-Seale construction, a Filler construction, or other
constructions may be used. In order to provide flexibility to the hybrid
core rope 1 and ensure sufficient strength, the number of the strands 4

is preferably six or more.

10
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Referring to Fig. 1, an angle 6 made by the fiber bundles 3 and
the strands 4, the angle being set by providing the fiber bundles 3 (the
grooves 2a) and the strands 4 respectively obliquely (spirally) to the
longitudinal direction of the hybrid core rope 1 is about 20 degrees to
160 degrees. That is, the fiber bundles 3 (the grooves 2a) and the
strands 4 have winding angles (twist angles) which are not parallel to
each other. Thereby, specific strands 4 among the eight strands 4 are
prevented from being continuously in contact with only the fiber
bundles 3 and other specific strands 4 are prevented from being
continuously in contact with only the resin solid core 2 over the entire
length of the hybrid core rope 1. That is, all the eight strands 4 are in
contact with the fiber bundles 3 at a certain position in the longitudinal
direction of the hybrid core rope 1 and in contact with the resin solid
core 2 at the other position. Thereby, the oil oozed out from the fiber
bundles 3 can be evenly supplied to the eight strands 4 over the entire
length of the hybrid core rope 1. Since the strands 4 are supported by
the resin solid core 2 (within a range where the grooves 2a are not
formed), a diameter decrease rate of the hybrid core rope 1 is lowered
and extension is decreased (this will be described in detail later), so

that a loss of a shape in an outer form can be prevented.

Further referring to Fig. 1, when a pitch P1 of the fiber bundles
3 (a pitch of the grooves 2a) and a pitch P2 of the strands 4 are
compared, the pitch P2 of the strands 4 is longer than the pitch P1 of

the fiber bundles 3. The pitch P1 and the pitch P2 may be the same or

11
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the pitch P1 of the fiber bundles 3 may be longer than the pitch P2 of
the strands 4. In such a way, the pitch P1 of the fiber bundles 3 and
the pitch P2 of the strands 4 can be arbitrarily set. In any case, the
fiber bundles 3 and the strands 4 are respectively wound so as not to be

parallel to each other.

Fig. 3 schematically shows a closing process of the strands 4
and the hybrid core 2, 3 described above together with rope sections
before and after fastening in a stranding die 12. The eight strands 4
(only two strands are shown iﬁ Fig. 3) are preliminarily formed into a
predetermined shape by a pre-former 11 driven to be rotated, and
wound around the hybrid core 2, 3 from the outer peripheral side of the
hybrid core. The strands 4 and the hybrid core 2, 3 are sent to the
stranding die 12, and the hybrid core 2, 3 and the strands 4 are
gathered, fastened, and twisted in the stranding die. After that, the
hybrid core and the strands are reformed into a straight shape in
reformation rolls 13 and rolled from a periphery in diameter

adjustment rolling rolls 14, so that the hybrid core rope 1 is completed.

Through the closing process, the eight strands 4 bite into the
resin solid core 2 and the fiber bundles 3 (refer to Fig. 2). Conversely,
the resin solid core 2 and the fiber bundles 3 are pushed from the outer
side to the inner side by the strands 4 so as to be deformed along outer
forms of the strands 4. Since each of the strands 4 is formed by the

plurality of steel wires, the strands have a retaining force exceeding a

12
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repulsive force for letting the deformed resin solid core 2 and fiber
bundles 3 return to the original shapes. The fiber bundles 3 and the
strands 4 are wound so as to have the angles which are not parallel to
cach other (as described above, the angle 6 made by the fiber bundles 3
and the strands 4 is about 20 degrees to 160 degrees) (refer to Fig. 1).
Thus, as described above, in the completed hybrid core rope 1, all the
eight strands 4 always have points to be in contact with and bite into
the fiber bundles 3 in the longitudinal direction and also always have

points to be in contact with and bite into the resin solid core 2.

In order to avoid the fretting wear between the strands 4 in the
unused hybrid core rope 1 as much as possible, the fastening is
preferably performed to an extent that a slight gap is created between
the strands 4 in the closing process. The extent of the fastening is
adjusted by a diameter of the stranding die 12 and a pressing force in

the diameter adjustment rolling rolls 14.

Hereinafter, a fatigue evaluation test of the hybrid core rope 1
will be described. The fatigue evaluation test was conducted with
using six types of ropes including four types of hybrid core ropes (No.2
to No.5) in which a ratio between a section area of the resin solid core 2
and a section area of the sum of the three fiber bundles 3 occupying the
hybrid core 2, 3 is different from each other, a rope (No.1) having a core
formed only by fiber bundles (hereinafter, referred to as the fiber core

rope), and a rope (No.6) having a core formed only by a resin solid

13
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(without any grooves) (hereinafter, referred to as the solid core rope).
Table 1 shows area ratios of the resin solid occupying the cores of the

six types of ropes No.1 to No.6.

[Table 1]
Area ratio of resin solid
No. 1 0% Fiber core rope
No. 2 20% )
No. 3 40% &Hybrid core rope
No. 4 60%
No. 5 80% )
No. 6 100% Solid core rope

Sisal was used for the fiber bundles (a fiber core) contained in
the fiber core rope No.1. Since the fiber core rope does not contain the
resin solid, the area ratio of the resin solid of the fiber core rope No.11s
0%. Synthetic fiber was used for the fiber bundles contained in the
hybrid core ropes No.2 to No.5. Polypropylene was used for the resin
solid contained in the ropes No.2 to No.6. Since the entire core of the
solid core rope No.6 is the resin solid, the area ratio of the resin solid is
100%. The other conditions were the same for all the ropes No.1 to
No.6. TFor example, regarding the strands to be twisted around the
core, the strands 4 having the 1+9+9 Seale construction described in
Figs. 1 and 2 were used for all the ropes No.1 to No. 6, and the pitch

thereof was also common for all the ropes No.1 to No.6.

14



The area ratio of the resin solid core 2 occupying the hybrid core
2. 3 is differentiated by adjusting size of the grooves 2a formed in the
resin solid core 2 and the diameter of the fiber bundles 3 set in the
5 grooves 2a. The area ratio of the resin solid is increased with the

small grooves 2a and decreased with the large grooves 2a.

Table 2 shows an oil content amount {(an oil content rate and an

0il amount per unit length) in the ropes No.1 to No.6.

10
[Table 2]
Qil content rate (%) | Oil amount per unit length (g/m)
No. 1 11.00 3.18
No. 2 11.84 3.02
No. 3 7.86 2.71
No. 4 524 1.34
No. 5 4.02 0.98
No. 6 0 0
The oil content rate (%) is calculated by the following
eXpPression.
15

Oil content rate (%) = Oil amount per unit length (g/s) / Weight

of entire core per unit length (g/s) x 100

15
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In the hybrid core ropes 1 (No.2 to No.5), the more the area ratio
of the vesin solid core 2 occupying the hybrid core 2, 3 is increased (that
is, the more the area ratio of the fiber bundles 3 is decreased), the more
the oil content rate and the oil amount are lowered but any ropes
contain oil. The fiber core rope No.1 also contains the oil as a matter of
course. Meanwhile, the solid core rope No.6 does not have fiber
bundles and hence does not contain oil at all. The solid core rope
containing no oil lacks a lubricating property between the solid core
rope and a sheave over which the rope is placed for example, and the
fretting wear between the strands 4 and between the steel wires
forming the strands 4 is increased. Thus, in general, there is a need
for regularly applying a lubricant (grease) to a surface. On the other
hand, in the fiber core rope (No.1) and the hybrid core ropes (No.2 to
No.5), the oil is oozed out from the fiber bundles during use. Thus,
there is a less need for maintenance from a view of the lubricating

property than the solid core rope.

Fig. 4 is a graph showing the diameter decrease rate ([diameter
of unused rope — diameter of rope after test] / diameter of unused rope X
100) of the ropes in the fatigue test with the number of times to bend
(ten thousand) on the horizontal axis and the diameter decrease rate of
the rope (%) on the vertical axis. Fig. 5is a graph showing the
extension rate ([length of rope after test — length of unused rope] /
length of unused rope % 100) of the ropes in the fatigue test with the

number of times to bend (ten thousand) on the horizontal axis and the

16
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extension rate of the rope (%) on the vertical axis. The fatigue test was
conducted with using a planetary fatigue testing machine. By the
fatigue test with using the planetary fatigue testing machine, states of

the ropes after long-term use can be simulated for a short time.

Irrespective of the number of times to use (corresponding to the
number of times to bend in the fatigue test), the smaller diameter
decrease rate and extension rate of the rope are more preferable. This
is because when the diameter decrease rate is increased with use, that
is, the diameter of the rope is decreased, the pitch of the strands 4
forming the rope is increased and extension is generated in the rope, so
that a need for maintenance such as a task of shortening a part

elongated by the extension arises.

From the graphs of Figs. 4 and 5, it can be found that the solid
core rope (No.6) is the most excellent and the fiber core rope (No.1) is
the most inadequate for any of the diameter decrease rate and the
extension rate. Any of the hybrid core ropes (No.2 to No.5) has a
performance in the middle of the solid core rope {(No.6) and the fiber

core rope (No.1).

It was confirmed that for any of the diameter decrease rate (Fig.
4) and the extension rate (Fig. 5), the performance is more largely
different between the hybrid core rope No.2 and the hybrid core ropes

No.3 to No.5 than between other hybrid core ropes. It is found that in

17
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order to let the hybrid core ropes deliver the performance close to the
solid core rope for the diameter decrease rate and the extension rate,
the area ratio of the resin solid core 2 occupying the hybrid core 2, 3 1s
preferably 40% or more (that is, the ropes No.3 to No.5). When the
area ratio of the resin solid core 2 is excessively large, there 1s a need
for the same maintenance as the solid core rope from a view of the
Tubricating property described above. Thus, the area ratio of the resin
solid core is preferably 80% or less (that is, the area ratio of the fiber

bundles 3 remains about 20%).

Table 3 shows observation results of disconnections (breakings)
and evaluations (fatigue resistance evaluations) for the number of
times to bend in the fatigue test. The “disconnections” herein indicate
disconnections which were able to be visually recognized in the steel
wires (filaments) forming the strands 4, and the number of the
disconnections for one pitch is shown in “disconnection” sections.
Assuming that the ropes are used for an elevator, “evaluation” sections
show the evaluations based on whether or not the disconnections of
10% of the total wires were confirmed for one pitch, that s, whether or
not sixteen disconnections serving as about 10% of a total of 152 wires
in a case of the strands 4 shown in Figs. 1 and 2 (since the number of
the wireé is nineteen for one strand 4, the total number of the wires of
the eight strands 4 is 19 x 8 = 152} were confirmed for one pitch. The
symbol “NA” is shown for the ropes in which sixteen or more

disconnections were confirmed for one pitch, and the symbol “OK” is

13



shown for the ropes in which sixteen or more disconnections were not
confirmed. Since continuation of the fatigue test is meaningless for
the ropes in which sixteen or more disconnections were confirmed, the
test was finished at the time point. This is shown by a dash (“-”} in

Table 3.

19



[Table 3]

Number of times to bend (ten thousand)

400

1000

Evaluation

OK

OK

OK

Disconnection

900

Evaluation

NA
OK

OK

OK

Disconnection

17

800

Evaluation

OK

OK

OK

OK

Disconnection

11

700

Evaluation

OK

OK

OK

OK

Disconnection

600

Evaluation

OK

OK

OK

OK

Disconnection

500

Evaluation

NA
OK
OK

OK

OK

Disconnection

19

Evaluation

NA
OK

OK

OK

OK

OK

Disconnection

21

6

300

Evaluation

OK

OK

OK

OK

OK

OK

Disconnection

200

Evaluation

OK

OK

OK

OK

OK

OK

Disconnection

100

Evaluation

OK

OK

OK

OK

OK

OK

Disconnection

No.1

No.2

No.3

No.4

No.5

No.6
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For example, regarding the fiber core rope No.1, although no
disconnections were found at the time point after bending for 3 million
times, twenty-one disconnections for one pitch were found at the time point
after repeatedly bending for 4 million times. Since sixteen or more
disconnections were found at the time point after repeatedly bending for 4
million times, the symbol “NA” is shown in the evaluation section of 4

million times and no subsequent fatigue test was conducted.

As clear from Table 3, it was confirmed that for the fatigue
resistance, the performance is also more largely different between the
hybrid core rope No.2 and the hybrid core ropes No.3 to No.5 than between
other hybrid core ropes. It is found that in order to let the hybrid core
ropes deliver the performance close to the solid core rope (No.6) for the
fatigue resistance, the area ratio of the resin solid core 2 occupying the

hybrid core 2, 3 is preferably 40% or more (that is, the ropes No.3 to No.5).

Regarding the diameter decrease rate, the extension rate, and the
fatigue resistance, the performance is somewhat better in the solid core rope
(No.6) than in the hybrid core ropes (No.2 to No.5). However, when the
surfaces of the ropes were confirmed during the fatigue test, it was
confirmed that almost no rust was generated on the surfaces of the hybrid
core ropes (No.2 to No.5) whereas rust was generated on the surface of the
solid core rope (No.6). This is thought to be because the solid core rope
(No.6) does not contain the oil (incapable of containing the oil) (vefer to

Table 2) and the fretting wear between the strands 4 and the fretting wear

21
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between the steel wires forming the strands 4 are relatively severe. It was
also confirmed that the rust was generated the most in the fiber core rope
(No.1). This is thought to be because although the fiber core rope (No.1)
can contain much oil, the strands 4 are not supported by the resin solid
unlike the ropes containing the resin solid (No.2 to No.6), so that a
deformation amount of the rope (the strands 4) is large at the time of
passing through the sheave (at the time of bending), and therefore, the
fretting wear between the strands 4 and the fretting wear between the steel
wires forming the strands in use are dramatically severe. Insuch a way, in
the fatigue test, it was confirmed that the rust is less easily generated in the
hybrid core ropes (No.2 to No.5) than the fiber core rope (No.1) and the solid
core rope (No.6). Generation of the rust leads to a strength decrease of the
ropes. Thus, from this view, it was able to be confirmed that the

performance was the best in the hybrid core ropes (No.2 to No.5).

Fig. 6 is a sectional view of a hybrid core rope 1A of another
embodiment. The hybrid core rope 1A is different from the hybrid core
rope 1 shown in Fig. 2 in a point that a steel cord 5 serving as a reinforcing
material is provided in a center of the resin solid core 2 over the entire
length of the hybrid core rope 1A in the longitudinal direction. By
embedding the steel cord 5 in the resin solid core 2, strength or rigidity of

the hybrid core rope 1A can be enhanced. As the reinforcing material, not

only the steel cord 5 but also a synthetic fiber wire made of nylon, polyester,

or the like, natural fiber wire made of cotton, hemp, or the like, or other

wires may be used. As a matter of course, a plurality of steel cords 5 may

22



be embedded in the resin solid core 2.
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WHAT IS CLAIMED IS:

1. A hybrid core rope, comprising:

a resin solid core in which a plurality of spiral grooves is formed in
the longitudinal direction on an outer peripheral surface thercof;

a plurality of fiber bundles respectively spirally wound around the
outer peripheral surface of the resin solid core along the plurality of spiral
grooves, the fiber bundles having thickness to fill the spiral grooves; and

a plurality of steel strands spirally wound around the outer
peripheral surface of the resin solid core around which the fiber bundles are
wound, wherein

the fiber bundles and the strands are respectively wound so as to

have angles which are not parallel to each other.

2. The hybrid core rope according to claim 1, wherein
an angle made by the fiber bundles and the strands 1s within a

range from 20 degrees to 160 degrees.

3. The hybrid core rope according to claim 1, wherein
a ratio between a section area of the resin solid core and a section
area of the sum of the plurality of fiber bundles (resin solid core : fiber

bundles) is within a range from 80:20 to 40:60.

4. The hybrid core rope according to claim 1, wherein

a reinforcing material is provided in the resin solid core.
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