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(54) ROPE FOR ELEVATOR AND ELEVATOR

(57) In an elevator rope, a plurality of core rope
strands are laid together around a core strand. A core
rope strand assembly is constituted by these core rope
strands. The core strand has a core strand main body
and a resin core strand coating body that coats the core
strand main body. Each of the core rope strands has a

core rope strand main body. The core rope strand as-
sembly is coated by a resin core rope coating body. A
plurality of outer layer strands are laid together around
the core rope coating body. An outer layer strand assem-
bly is constituted by these outer layer strands. The outer
layer strand assembly is coated by a resin outer layer
coating body.
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Description

TECHNICAL FIELD

[0001] The present invention relates to an elevator
rope that has a resin outer layer coating body disposed
on an outer portion, and to an elevator apparatus in which
that rope is used.

BACKGROUND ART

[0002] In conventional elevator apparatuses, sheaves
that have a diameter greater than or equal to forty times
a rope diameter are used in order to prevent early rope
abrasion and wire breakage. Consequently, in order to
reduce sheave diameter, it is also necessary to reduce
rope diameter. However, if the rope diameter is reduced,
there is a risk that a car may be easily vibrated by load
fluctuations due to freight loaded onto the car, or pas-
sengers getting on and off, etc. , or that vibrations in the
ropes at the sheaves may propagate to the car. Further-
more, the number of ropes must be increased, making
the configuration of the elevator apparatus complicated.
[0003] In answer to this, elevators have been proposed
in which a rope coating is disposed on an entire outer
portion of a rope, and a wire coating is disposed on wires
constituting the ropes (see Patent Literature 1, for exam-
ple).
[0004] Patent Document 1: Japanese Patent Laid-
Open No. 2001-262482

DISCLOSURE OF THE INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION

[0005] However, in cross-sectional constructions of
conventional elevator ropes such as those described
above, steel wire packing density is insufficient, making
additional improvements in effective cross-sectional area
desirable.
[0006] The present invention aims to solve the above
problems and an object of the present invention is to pro-
vide an elevator rope that enables effective cross-sec-
tional area to be improved by improving wire packing
density, and to provide an elevator apparatus in which
that rope is used.

MEANS FOR SOLVING THE PROBLEM

[0007] In order to achieve the above object, according
to one aspect of the present invention, there is provided
an elevator rope including: a core strand having a core
strand main body that is formed by laying together a plu-
rality of steel wires, and a resin core strand coating body
that coats the core strand main body; a core rope strand
assembly that is constituted by a plurality of core rope
strands that each have a core rope strand main body that
is formed by laying together a plurality of steel wires, the

core rope strands being laid together around the core
strand so as to be centered around the core strand; a
resin core rope coating body that coats the core rope
strand assembly; an outer layer strand assembly that is
constituted by a plurality of outer layer strands that each
have an outer layer strand main body that is formed by
laying together a plurality of steel wires, the outer layer
strands being laid together around the core rope coating
body; and a resin outer layer coating body that coats the
outer layer strand assembly.
According to another aspect of the present invention,
there is provided An elevator apparatus including: a driv-
ing machine having a driving machine main body, and a
drive sheave that is rotated by the driving machine main
body, the driving machine being disposed in a lower por-
tion of a hoistway; a plurality of elevator ropes that are
wound around the drive sheave; a car and a counter-
weight that are suspended inside the hoistway by the
elevator ropes using a one-to-one (1:1) roping method;
and a plurality of return sheaves that are disposed in an
upper portion of the hoistway and that direct the elevator
ropes from the drive sheave toward the car and the coun-
terweight, each of the elevator ropes including: a core
strand having a core strand main body that is formed by
laying together a plurality of steel wires, and a resin core
strand coating body that coats the core strand main body;
a core rope strand assembly that is constituted by a plu-
rality of core rope strands that each have a core rope
strand main body that is formed by laying together a plu-
rality of steel wires, the core rope strands being laid to-
gether around the core strand so as to be centered
around the core strand; a resin core rope coating body
that coats the core rope strand assembly; an outer layer
strand assembly that is constituted by a plurality of outer
layer strands that each have an outer layer strand main
body that is formed by laying together a plurality of steel
wires, the outer layer strands being laid together around
the core rope coating body; and a resin outer layer coat-
ing body that coats the outer layer strand assembly, and
a diameter of at least one of the return sheaves being
less than or equal to twenty times a diameter of the ele-
vator ropes.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008]

Figure 1 is a cross section of an elevator rope ac-
cording to Embodiment 1 of the present invention;
Figure 2 is a side elevation showing the elevator rope
from Figure 1 cut away in layers;
Figure 3 is a cross section of an elevator rope ac-
cording to Embodiment 2 of the present invention;
Figure 4 is a cross section of an elevator rope ac-
cording to Embodiment 3 of the present invention;
Figure 5 is a cross section of an elevator rope ac-
cording to Embodiment 4 of the present invention;
Figure 6 is a plan showing an elevator apparatus
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according to Embodiment 5 of the present invention;
and
Figure 7 is a front elevation showing the elevator
apparatus from Figure 6.

BEST MODE FOR CARRYING OUT THE INVENTION

[0009] Preferred embodiments of the present inven-
tion will now be explained with reference to the drawings.

Embodiment 1

[0010] Figure 1 is a cross section of an elevator rope
according to Embodiment 1 of the present invention, and
Figure 2 is a side elevation showing the elevator rope
from Figure 1 cut away in layers.
In the figures, an elevator rope includes: a core rope 1;
an outer layer strand assembly 2 that is disposed around
the core rope 1; and a resin outer layer coating body 3
that coats the outer layer strand assembly 2. The core
rope 1 includes: a core strand 4; a core rope strand as-
sembly 5 that is disposed around the core strand 4; and
a resin core rope coating body 6 that coats the core rope
strand assembly 5.
[0011] The core strand 4 includes: a core strand main
body 7 that is formed by laying together a plurality of steel
wires; and a resin core strand coating body 8 that coats
the core strand main body 7.
[0012] The core rope strand assembly 5 is constituted
by a plurality of core rope strands 9 (in this case six). In
this example, each of the core rope strands 9 is consti-
tuted only by a core rope strand main body that is formed
by laying together a plurality of steel wires. The core rope
strands 9 are laid together around the core strand 4 so
as to be centered around the core strand 4.
[0013] The outer layer strand assembly 2 is constituted
by a plurality of outer layer strands 10 (in this case
twelve) . In this example, each of the outer layer strands
10 is constituted only by an outer layer strand main body
that is formed by laying together a plurality of steel wires.
The outer layer strands 10 are laid together around the
core rope coating body 6.
[0014] The core strand coating body 8 and the core
rope coating body 6 are made of a polyethylene resin,
for example. The outer layer coating body 3 is made of
a high-friction resin material having a coefficient of friction
greater than or equal to 0.2, such as a polyurethane resin,
for example.
[0015] The cross-sectional construction of the core
strand main body 7 is warrington (JIS G 3525), but it can
also be made warrington, warrington-seale, or filler. The
cross-sectional constructions of the core strand main
body 7, the core rope strands 8 (core rope strand main
bodies), and the outer layer strands 9 (outer layer strand
main bodies) are similar to each other. The core strand
main body 7, the core rope strands 9, and the outer layer
strands 10 are configured by parallel laying steel wires
into three or more layers.

[0016] A rope diameter excluding the outer layer coat-
ing body 3, i.e., an outside diameter of the outer layer
strand assembly 2, is greater than or equal to twenty
times a diameter of the steel wires. Diameters of all of
the steel wires are set to less than or equal to 1/400 of a
diameter of sheaves with which they are used, i.e.,
sheaves (or pulleys) around which the elevator rope is
wound.
[0017] As shown in Figure 2, a direction of lay of the
outer layer strands 10 is a reverse direction to a direction
of lay of the core rope strands 9. A direction of lay of the
steel wires of the core strand main body 7 is also a reverse
direction to a direction of lay of the core rope strands 9.
[0018] In an elevator rope of this kind, packing density
of the steel wires is improved compared to conventional
ropes, enabling effective cross-sectional area to be im-
proved. Because the strands (or main bodies) 7, 9, and
10 in each layer are separated from each other by the
coating bodies 8, 6, and 3, abrasion of the steel wires
can be prevented since the steel wires do not contact
each other directly. In addition, bending stresses arising
in the steel wires can be alleviated due to a buffer action
of the coating bodies 8, 6, and 3.
[0019] Because the core strand main body 7, the core
rope strands 9, and the outer layer strands 10 are con-
figured by parallel laying steel wires into three or more
layers, air gaps between the wires are reduced since the
steel wires are in line contact with each other, enabling
packing density of the steel wires to be further improved
and also enabling abrasive wear of the steel wires to be
further reduced.
[0020] In addition, by using twelve or more outer layer
strands 10, diameters δ of the steel wires in the outer
layer strands 10 can be reduced without making config-
uration of the outer layer strands 10 complicated, ena-
bling a relationship with the rope diameter d excluding
the outer layer coating body 3 to be made d/δ ≥ 20, there-
by enabling generated bending stresses to be reduced.
In addition, since the diameter of the core rope 1 can be
increased to a certain extent, strength degradation of the
steel wires due to abrasion can be suppressed without
the steel wires inside the core rope 1 becoming extremely
slender.
[0021] Because the diameters of all of the steel wires
are set to less than or equal to 1/400 of the diameter of
the sheaves with which they are used, bending fatigue
service life can be sufficiently ensured. Furthermore, the
sheave diameter can be set to a minimum of 200 mm
relative to a rope diameter of 10 mm. Consequently, ex-
tension of fatigue life or reductions in diameter of the
sheaves can be achieved.
[0022] By using one core strand 4, six core rope
strands 9, and twelve outer layer strands 10, respectively,
the diameters of all of the strands 4, 9, and 10 can be
made generally equal. Consequently, the cross-sectional
constructions of the core strand main body 7, the core
rope strand main body, and the outer layer strand main
body can be made similar to each other by adjusting the
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thickness of the coating bodies 8, 6, and 3, enabling man-
ufacturing of the entire rope to be facilitated.
[0023]  In addition, by twisting the core rope strands 9
in a reverse direction to the core strand main body 7 and
twisting the outer layer strands 10 in a reverse direction
to the core rope strands 9, rotational torque in interior
portions can be balanced, enabling overall twisting return
torque of the rope to be reduced.
[0024] Furthermore, since the outer layer coating body
3 is disposed outermost, abrasion of the sheaves can
also be prevented, enabling a degree of freedom in se-
lecting materials for the wires of the outer layer strands
10 and the sheaves to be improved. Consequently, over-
all strength can be increased further and the sheaves
can be configured inexpensively.
[0025] Because the outer layer coating body 3, which
comes into contact with a drive sheave, is constituted by
a high-friction resin material, sufficient driving force trans-
fer efficiency can be ensured even if drive sheave diam-
eter is reduced. Consequently, it is no longer necessary
to add weight to a car in order to increase friction between
the elevator rope and the drive sheave, or to add guiding
pulleys in order to increase contact angle of the elevator
rope on the drive sheave, etc., preventing the configura-
tion of an elevator apparatus from becoming complicat-
ed.
Here, soft or hard polyurethane resins can be selected
freely, but in order to ensure abrasion resistance per-
formance against minute slippage on the surface of the
sheaves, it is preferable to use hard polyurethane resins
that have a hardness of 90 or more. In addition, in order
to prevent hydrolysis from occurring in the service envi-
ronment, it is also desirable that the resins be ether-
based rather than ester-based.
[0026] In addition, flexing resistance can be reduced
by selecting materials that slide freely and easily when
the elevator rope is bent at the sheaves as materials for
the core strand coating body 8 and the core rope coating
body 6. Furthermore, the core strand coating body 8 and
the core rope coating body 6 require a hardness that can
resist being crushed between the steel wires. Hard, low-
friction polyethylene materials are suitable for these ma-
terials.
The core strand coating body 8 and the core rope coating
body 6 do not require such a large coefficient of friction
as the outer layer coating body 3, and since bending by
the sheaves is not as great, they do not necessarily re-
quire superior stretching characteristics. Consequently,
resins such as nylons, silicon, polypropylenes, or polyvi-
nyl chloride, etc., for example, may also be used as the
materials for the core strand coating body 8 and the core
rope coating body 6.

Embodiment 2

[0027] Next, Figure 3 is a cross section of an elevator
rope according to Embodiment 2 of the present invention.
In the figure, core rope strands 9 include: a core rope

strand main body 11 that is formed by laying together a
plurality of steel wires; and a resin core rope strand coat-
ing body 12 that coats the core rope strand main body
11. Outer layer strands 10 include: an outer layer strand
main body 13 that is formed by laying together a plurality
of steel wires; and a resin outer layer strand coating body
14 that coats the outer layer strand main body 13. The
core rope strand coating bodies 12 and the outer layer
strand coating bodies 14 are made of a similar material
to that of the core strand coating body 8 and the core
rope coating body 6, such as a polyethylene resin, for
example. The rest of the configuration is similar to that
of Embodiment 1.
[0028] In an elevator rope of this kind, because the
coating bodies 8, 12, and 14 are disposed around all of
the strands 4, 9, and 10, steel wires in each layer can be
prevented from coming into contact with each other more
reliably at a manufacturing stage, enabling abrasion of
and damage to the steel wires to be prevented.

Embodiment 3

[0029] Next, Figure 4 is a cross section of an elevator
rope according to Embodiment 3 of the present invention.
In the figure, outer layer strands 10 are constituted only
by outer layer strand main bodies that are formed by lay-
ing together a plurality of steel wires. Cross sections of
steel wires in the outer layer strand main bodies are mod-
ified by compressing the outer layer strand main bodies
from outside. The rest of the configuration is similar to
that of Embodiment 2.
[0030] In an elevator rope of this kind, if spacing be-
tween mutually-adjacent outer layer strands 10 is small,
contact pressure is reduced even if the outer layer
strands 10 come into contact with each other. Packing
density of the steel wires in the outer layer strands 10
can also be improved.
Thus, cross-sectional constructions of the strands 4, 9,
and 10 in each of the layers may also be made to differ
from each other.

Embodiment 4

[0031] Next, Figure 5 is a cross section of an elevator
rope according to Embodiment 4 of the present invention.
In the figure, outer layer strands 10 are constituted only
by outer layer strand main bodies that are formed by lay-
ing together a plurality of steel wires in a similar manner
to Embodiment 1. Cross sections of steel wires in a core
strand main body 7 and core rope strand main bodies 11
are modified by compressing the strand main bodies 7
and 11 from outside. The rest of the configuration is sim-
ilar to that of Embodiment 2.
[0032] In an elevator rope of this kind, packing density
of the steel wires can also be improved because the cross
sections of the steel wires in the core strand main body
7 and the core rope strand main bodies 11 are modified.
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Embodiment 5

[0033] Next, Figure 6 is a plan showing an elevator
apparatus according to Embodiment 5 of the present in-
vention, and Figure 7 is a front elevation showing the
elevator apparatus from Figure 6. First and second car
guide rails 22a and 22b and a pair of counterweight guide
rails 23a and 23b are installed inside a hoistway 21. A
car 24 is raised and lowered inside the hoistway 21 along
the car guide rails 22a and 22b. A counterweight 25 is
raised and lowered inside the hoistway 21 along the
counterweight guide rails 23a and 23b. The counter-
weight 25 is disposed so as to face a back surface of the
car 24 when positioned level with the car 24.
[0034] A driving machine 26 for raising and lowering
the car 24 and the counterweight 25 is installed in a lower
portion inside the hoistway 21. The driving machine 26
includes: a driving machine main body 27 that includes
the motor; and a drive sheave 28 that is rotated by the
driving machine main body 27. A brake (not shown) that
brakes rotation of the drive sheave 28 is also mounted
internally into the driving machine 26. In addition, a thin
hoisting machine in which an axial dimension is less than
an outside diameter dimension that is perpendicular to
the axial direction is used for the driving machine 26.
[0035] The driving machine 26 is disposed between a
side surface of the car 24 and a hoistway wall 21a that
faces that side surface when viewed from above. In ad-
dition, the driving machine 26 is disposed such that a
rotating shaft of the drive sheave 28 is parallel to a width
direction of the car 24 and horizontal.
[0036] A main rope group 30 is wound around the drive
sheave 28. The car 24 and the counterweight 25 are sus-
pended inside the hoistway 21 by the main rope group
30 using a one-to-one (1 : 1) roping method. The main
rope group 30 includes: a plurality of first elevator ropes
31; and a plurality of second elevator ropes 32. Each of
the elevator ropes 31 and 32 has a configuration identical
to any one of Embodiments 1 through 4.
[0037] First and second rope connecting portions 33
and 34 are disposed on two width end portions of a lower
end portion of the car 24. Each of the first elevator ropes
31 includes: a first end portion that is connected to the
first rope connecting portion 33; and a second end portion
that is connected to an upper portion of the counterweight
25. Each of the second elevator ropes 32 includes: a third
end portion that is connected to the second rope con-
necting portion 34; and a fourth end portion that is con-
nected to an upper portion of the counterweight 25.
[0038] First through third car return sheaves 35
through 37 that direct the elevator ropes 31 and 32 from
the drive sheave 28 toward the car 24 and a counter-
weight return sheave 38 that directs the elevator ropes
31 and 32 from the drive sheave 28 toward the counter-
weight 25 are disposed in an upper portion inside the
hoistway 21.
[0039] The first elevator ropes 31 are wound from the
first end portions sequentially around the first car return

sheave 35, the second car return sheave 36, the drive
sheave 28, and the counterweight return sheave 38. The
second elevator ropes 32 are wound from the third end
portions sequentially around the third car return sheave
37, the drive sheave 28, and the counterweight return
sheave 38. In other words, the first and second elevator
ropes 31 and 32 are distributed from the drive sheave 28
to the second and third car return sheaves 36 and 37,
which are not parallel to each other.
[0040] The first and second car return sheaves 35 and
36 and the counterweight return sheave 38 are disposed
such that rotating shafts thereof are parallel to a depth
direction of the car 24 and horizontal. The third car return
sheave 37 is disposed such that a rotating shaft thereof
is parallel to a width direction of the car 24 and horizontal.
The return sheaves 35 through 38 are disposed outside
a region of the car 24, i.e., disposed so as not to overlap
with the car 24 when viewed from above.
[0041] A diameter of at least one of the return sheaves
35 through 38, in this case the first and second car return
sheaves 35 and 36, is less than or equal to twenty times
a diameter of the elevator ropes 31 and 32.
[0042] The first and second rope connecting portions
33 and 34 are disposed such that a straight line that con-
nects them passes through a center of gravity of the car
24 or a vicinity thereof when viewed from above. Because
of this, the first rope connecting portion 33 is disposed
behind the first car guide rail 22a, and the second rope
connecting portion 34 is disposed in front of the second
car guide rail 22b. Thus, the car 24 is suspended sub-
stantially at its center of gravity.
[0043] In an elevator apparatus of this kind, because
elevator ropes 31 and 32 that have configurations iden-
tical to any one of Embodiments 1 through 4 are used,
diameters of the return sheaves 35 through 38 can be
reduced. Specifically, the diameters of the first and sec-
ond car return sheaves 35 and 36 can be reduced to
approximately twenty times the diameter of the elevator
ropes 31 and 32. The first and second car return sheaves
35 and 36 can thereby be disposed outside the region of
the car 24 when viewed from above without enlarging
the area of the hoistway 21 . Consequently, an upper-
portion space inside the hoistway 21 can be reduced with-
out the car 24 interfering with the return sheaves 35 and
36 when the car 24 is moved to an uppermost portion
inside the hoistway 21. Because the diameter of the drive
sheave 28 can also be reduced, load torque that acts on
the driving machine 26 can be reduced, enabling reduc-
tions in the size of the driving machine 26 to be achieved.

Claims

1. An elevator rope comprising:

a core strand having a core strand main body
that is formed by laying together a plurality of
steel wires, and a resin core strand coating body
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that coats the core strand main body;
a core rope strand assembly that is constituted
by a plurality of core rope strands that each have
a core rope strand main body that is formed by
laying together a plurality of steel wires, the core
rope strands being laid together around the core
strand so as to be centered around the core
strand;
a resin core rope coating body that coats the
core rope strand assembly;
an outer layer strand assembly that is constitut-
ed by a plurality of outer layer strands that each
have an outer layer strand main body that is
formed by laying together a plurality of steel
wires, the outer layer strands being laid together
around the core rope coating body; and
a resin outer layer coating body that coats the
outer layer strand assembly.

2. The elevator rope according to Claim 1, wherein the
core strand main body, the core rope strand main
bodies, and the outer layer strand main bodies are
configured by parallel laying steel wires into three or
more layers.

3. The elevator rope according to Claim 1, wherein
twelve or more of the outer layer strands are used.

4. The elevator rope according to Claim 1, wherein an
outside diameter of the outer layer strand assembly
is greater than or equal to twenty times a diameter
of a steel wire.

5. The elevator rope according to Claim 1, wherein a
diameter of a steel wire is set so as to be less than
or equal to 1/400 of a diameter of a sheave with which
the steel wire is used.

6. The elevator rope according to Claim 1, wherein:

one of the core strands, six of the core rope
strands, and twelve of the outer layer strands
are used; and
cross-sectional constructions of the core strand
main body, the core rope strand main bodies,
and the outer layer strand main bodies are sim-
ilar to each other.

7. The elevator rope according to Claim 1, wherein the
core rope strands further comprise a resin core rope
strand coating body that coats the core rope strand
main body.

8. The elevator rope according to Claim 1, wherein the
outer layer strands further comprise a resin outer
layer strand coating body that coats the outer layer
strand main body.

9. The elevator rope according to Claim 1, wherein a
steel wire cross section in at least one strand main
body among the core strand main body, the core
rope strand main bodies, and the outer layer strand
main bodies is modified by compressing the strand
main body from outside.

10. The elevator rope according to Claim 1, wherein a
direction of lay of the outer layer strands is a reverse
direction to a direction of lay of the core rope strands.

11. An elevator apparatus comprising:

a driving machine having a driving machine main
body, and a drive sheave that is rotated by the
driving machine main body, the driving machine
being disposed in a lower portion of a hoistway;
a plurality of elevator ropes that are wound
around the drive sheave;
a car and a counterweight that are suspended
inside the hoistway by the elevator ropes using
a one-to-one (1:1) roping method; and
a plurality of return sheaves that are disposed
in an upper portion of the hoistway and that direct
the elevator ropes from the drive sheave toward
the car and the counterweight,
each of the elevator ropes comprising:

a core strand having a core strand main
body that is formed by laying together a plu-
rality of steel wires, and a resin core strand
coating body that coats the core strand main
body;
a core rope strand assembly that is consti-
tuted by a plurality of core rope strands that
each have a core rope strand main body
that is formed by laying together a plurality
of steel wires, the core rope strands being
laid together around the core strand so as
to be centered around the core strand;
a resin core rope coating body that coats
the core rope strand assembly;
an outer layer strand assembly that is con-
stituted by a plurality of outer layer strands
that each have an outer layer strand main
body that is formed by laying together a plu-
rality of steel wires, the outer layer strands
being laid together around the core rope
coating body; and
a resin outer layer coating body that coats
the outer layer strand assembly, and
a diameter of at least one of the return
sheaves being less than or equal to twenty
times a diameter of the elevator ropes.
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