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(57)  An elevator in which the sheave diameter is re-
duced and the attendant lowering of the rope life and
strength is suppressed to secure safety and reliability.
To this end, arope is used in which a plurality of element
wires constituting the wire rope are each covered with
resin material and the whole wire rope is covered with
resin material, thereby reducing the wear due to slip-
page between the element wires and the wear due to
contact with the sheave, which wear occurs when the
rope is entrained around the sheave. When the elevator
sheave diameter is reduced, a worried lowering of the
rope life can be suppressed or the rope life can be im-
proved. Thus, it is possible to achieve reduction of size
and weight of equipment including motors and hoists,
installation space saving for elevators, improved safety
and reliability of the system by virtue of the increased
rope life.

ROPE, AND ELEVATOR USING THE SAME

FIG.1
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Description
TECHNICAL FIELD

[0001] The presentinvention relates to arope type el-
evator, and in particular, to an elevator using a wire rope
that comprises wires coated with resin material and an
outer periphery of which is coated with resin material.

BACKGROUND ART

[0002] A rope type elevator includes a driving appa-
ratus comprising a motor, a speed reducer, a sheave
and a deflector wheel, and has a mechanism of subject-
ing a load of a cage to one end of a main rope (herein-
after referred to as a "rope") wound around the sheave
and a load of a counterweight to the other end of the
rope to move up and down the cage and the counter-
weight by means of friction between the rope and the
sheave.

[0003] The rope is generally formed by twisting to-
gether strands which are formed by twisting together
steel wires. This steel rope satisfies a friction character-
istic, an abrasion-resistance characteristic, a fatigue-re-
sistance characteristic and the like required to drive the
elevator and is high reliability.

[0004] However, since the rope is a consumable arti-
cle, there is life. The life factors of the rope are classified
into four categories, that is, fatigue resulting from bend-
ing and extending of the rope effected when the rope
passes around the sheave, abrasion resulting from mu-
tual movement of the wires, abrasion of wires present
in the outermost layer of the rope due to their contact
with wall surfaces of groove in the sheave, and corrosion
caused by contact of the rope with air. Thus, for the pur-
pose of reducing influence due to repeated bending of
the rope effected when the rope passes around the
sheave, a ratio D/d of a diameter D of the sheave to a
diameter d of the rope has been set at 40 or more.
[0005] On the other hand, the diameter D of the
sheave directly relates to a driving torque of the motor
required to move go and down the cage. To reduce the
size and weight of an elevator system including a motor,
the diameter of the sheave must be reduced.

[0006] Further, the steel rope is wound around the
sheave made of cast iron and is frictionally driven.
Therefore, vibration and noise occur due to metal con-
tact when the rope is caught in the sheave, thereby af-
fecting comfortableness.

[0007] As means for solving these problems, in JP-A-
7-267534 specification described is a method of reduc-
ing the sheave diameter as well as vibration and noise
by using a rope which is formed by twisting together syn-
thetic fibers such as aramid fibers that are more flexible
than steel wires and coating with a resin such as ure-
thane.

[0008] Further, in order to determine the life of a syn-
thetic fiber rope coated with a resin, in JP-A-8-261972
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specification described is a method of embedding a con-
ductive carbon fiber, which is weaker than a synthetic
fiber, in a synthetic fiber rope coated with a resin and
checking by the voltage whether or not the conductive
carbon fiber is broken to determine the life of the rope.
[0009] On the other hand, the higher the contact pres-
sure with the sheave becomes, the shorter the life of the
rope becomes. That is, the contact pressure (Prope) of
the rope is proportional to tension F of the rope and is
inversely proportional to the diameter D of the sheave.
Thus, if the sheave diameter is reduced, the pressure
increases (Prope nearly equals to F/(D/d)).

[0010] As means for solving this, in PCT WO
99/43,885 specification described is a method of using
a flat-belt, which is formed by arranging in a line a plu-
rality of strands formed by twisting together steel wires
or synthetic fibers such as aramid fibers to coat these
strands with a resin, to reduce pressure associated with
contact with the sheave to extend the life of the resin
coated on a surface of the flat-belt.

[0011] To reduce diameter of sheave of mechanical
systems using a rope, including a rope type elevator, to
reduce the size of an electric motor or hoist driving the
sheave and to reduce a setting area of the mechanical
system, it is necessary to suppress decreases in the life
and strength of the rope associated with decrease in
bending radius of the rope.

[0012] It is an object of the present invention to pro-
vide a safe and reliable rope by suppressing decreases
in the life and strength of the rope if the bending radius
of the rope is reduced.

[0013] It is another object of the present invention to
provide a safe and reliable elevator by suppressing de-
creases in the life and strength of a rope if the sheave
diameter is reduced.

DISCLOSURE OF THE INVENTION

[0014] To attain the above-described objects, a rope
according to the present invention is structured by twist-
ing together a plurality of wires coated with a resin ma-
terial to form strands, twisting a plurality of the strands
to form a wire rope, and coating an outer periphery of
the wire rope with a resin material.

[0015] Furthermore, the present invention provides
an elevator in which a cage and a counterweight is con-
nected together by a plurality of ropes and the ropes are
wound around sheave driven by a motor and are fric-
tionally driven, wherein, a plurality of steel wires coated
with a resin are twisted together to form strands, a plu-
rality of strands are twisted together to form one rope,
an outer periphery of the entire wire rope is coated with
resin material, and the wire rope is generally a circle in
a cross section perpendicular to an axial direction of the
rope.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0016]

FIG. 1 is a schematic sectional view of a first em-
bodiment of a rope of the present invention;

FIG. 2 is a chart showing results of fatigue tests on
wires of the rope shown in FIG. 1;

FIG. 3 is a schematic view showing that the rope in
FIG. 1 is being caught in a sheave groove;

FIG. 4 is a schematic sectional view of a second
embodiment of the rope of the present invention;
FIG. 5 is a schematic sectional view of a third em-
bodiment of the rope of the present invention;
FIG. 6 is a schematic sectional view of a fourth em-
bodiment of the rope of the present invention;
FIG. 7 is a schematic sectional view of a fifth em-
bodiment of the rope of the present invention;
FIG. 8 is a perspective view of a first embodiment
of an elevator of the present invention;

FIG. 9 is a plan view of the first embodiment of the
elevator of the present invention;

FIG. 10 is a plan view of a second embodiment of
the elevator of the present invention;

FIG. 11 is a perspective view of a third embodiment
of the elevator of the present invention;

FIG. 12 is perspective view of a fourth embodiment
of the elevator of the present invention;

FIG. 13 is perspective view of a fifth embodiment of
the elevator of the present invention;

FIG. 14 is perspective view of a sixth embodiment
of the elevator of the present invention;

FIG. 15 is perspective view of a seventh embodi-
ment of the elevator of the present invention;

FIG. 16 is perspective view of an eighth embodi-
ment of the elevator of the present invention; and
FIG. 17 is perspective view of a ninth embodiment
of the elevator of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

[0017] The present invention will be described with
reference to the drawings.

[0018] A wire rope as a load supporting member is
formed by twisting steel wires together to form strands
and further twisting the strands together. The rope has
been used as arunning rope in a wide range of mechan-
ical systems including an elevator by being wound
around or caught in a sheave because of its flexibility.
The rope, made of steel, is a consumable part, so that
extension of its life contributes to improvement of relia-
bility and safety. As described above, to reduce possible
fatigue and abrasion due to repeated bending of the
rope upon passing around the sheave, the repeated
bending being one of the factors affecting the life of the
steel rope, the ratio (D/d) of the sheave diameter D to
the rope diameter d is set at a certain value or more (for
elevators, this value is set at 40 or more) according to
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the mechanical system.

[0019] Reduction of the sheave diameter contributes
to reduce the size, space, and cost of the mechanical
system. To minimize the adverse effects of the four fac-
tors concerning the life of the rope as described above,
the rope of the present invention is constructed as
shown in the following embodiments:

[0020] Referring to FIG. 1, a wire rope 1 which is a
load supporting member is structured by twisting steel
wires 2 together to form strands 3 and further twisting
the strands 3 together. Each wire 2 is covered with a
wire coating 4, the whole of the rope 1 is coated with an
intermediate coating material 6, and its outermost layer
is covered with a rope coating 5.

[0021] In case of reduction of the sheave diameter or
in case of an elevator, in order to set the ratio D/d of the
sheave diameter D to the rope diameter d at less than
40 which is a conventional value, among the life factors
described in the prior art discussion, the fatigue charac-
teristic of the rope 1 must be improved which results
from bending thereof upon passing around the sheave.
Thus, bending stress acting on the wires 2 constituting
the rope 1 was focused on, and a shape of the wire re-
quired upon reduction of the sheave diameter was ex-
amined. When the rope as a running rope is wound
around the sheave, bending stress b acts on the wires
2. Here, the maximum bending stress (cbmax) occurs
in an outermost layer of each wire 2 in a cross section,
and the value of the stress is proportional to distance
from a center of the wire 2. That is, the value is propor-
tional to the diameter J of the wire 2. When the modulus
of longitudinal elasticity of the wire 2 is represented as
E, the maximum bending stress bmax is expressed by
the following equation:

o bmax = E&/D

[0022] Further, stress amplitude ca repeatedly acting
on the outermost layer of the wire 2 is expressed by the
following equation:

ca=E&S/2D

[0023] On the basis of these equations, possible
stress occurring in the wire 2 can be reduced by reduc-
ing the diameter & of the wire 2. Conventional elevators
use a sheave of which diameter is 500 mm and wire rope
of which diameter of the wires is 0.8 mm. Thus, as an
example, steel wires containing 0.7% carbon and hav-
ing a diameter of 0.3 mm were used to conduct fatigue
tests by partially pulsating tension and a fatigue limit ca1
was determined. Average stress at that time was 500
MPa. The results thereof are shown in FIG. 2. With this,
it was clearly found that the fatigue limit ca1 is about
260 MPa of the stress amplitude ca.

[0024] Accordingly, if a wire rope is formed using the
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wires described above on which the fatigue tests were
conducted and the diameter of the sheave of the eleva-
tor is reduced, the following equation must be satisfied
in order to set the ratio D/d of the sheave diameter D to
the rope diameter d at 40 or less.

Ed/2D < 260 (MPa)

[0025] For example, in an elevator system using the
conventional steel wires, a sheave diameter D is 500
mm and a rope diameter d is 12 mm, and the wires con-
stituting the rope 1 have a diameter of 0.8 mm. The ratio
D/d of the sheave diameter D to the rope diameter d is
41.7. In contrast, with the wire rope of the present em-
bodiment, if the sheave diameter D is reduced to 200
mm, the rope diameter d is set at 12 mm, and the wires
constituting the rope 1 have a diameter § of about 0.50
mm, then the value D/d becomes 16.7 mm. In addition,
if the sheave diameter D is reduced to 100 mm, the rope
diameter d is set to 12 mm, and the wires constituting
the rope 1 have a diameter § of about 0.25 mm, the value
D/d becomes 8.3 mm.

[0026] From the view point of fatigue, the bending
stress cb occurring in the wire 2 can be reduced by re-
ducing the diameter & of the wire 2 as described above.
On the other hand, to reduce the diameter of the wire 2
affects the life of the rope if the abrasion by mutual
movement of the wires 2, which is a life factor concern-
ing the rope, is taken into consideration. The mutual
movement of the wires 2, that is, slippage distance in-
creases as the rope diameter d increases. To reduce the
distance of the mutual movement, it is desirable that the
rope diameter d is small. However, reduction of the rope
diameter d also reduces the breaking strength of the
rope 1, so that the breaking strength of the wires 2 must
be increased. Therefore, the wires 2 constituting the
rope 1 may have a breaking strength of 1,770 MPa or
more.

[0027] Further, in the present embodiment, the sur-
face of each wire 2 is covered with the wire coating 4 in
order to reduce abrasion caused by the mutual move-
ment of the wires 2. The wire coating 4 is composed of
a resin such as polyethylene, polyamide, ethylene
tetrafluoride, polyurethane, epoxy, or vinyl chloride. The
wire coating 4 has a smaller modulus of elasticity in com-
parison with steel, so that when the wires 2 come into
contact with each other, a sufficient contact area is ob-
tained to allow the wires to slide under a low surface
pressure. As a result, the wires 2 are prevented from
coming into local concentrated contact with each other,
thereby reducing their abrasion.

[0028] The wire coating 4, intended to reduce the
abrasion of the wires 2, is formed of material undergoing
lower plastic flow pressure than steel, that is, soft coat-
ing material. Frictional force associated with mutual con-
tact slippage of the wires 2 is generally represented by
the product Aw-s of the contact area Aw and the shear-
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ing strength s of the material. In this case, the contact
area Aw substantially equals (vertical load)/(plastic flow
pressure of the material), so that steel, which is a base
material, has a small contact area. Accordingly, shear-
ing associated with the mutual slippage of the wires 2 is
received by the wire coating 4, which is formed of soft
coating material with a low shearing strength, and the
vertical load is supported by the steel wires 2, which is
the base material, so that low friction is obtained. Also
in case that solid lubricant such as molybdenum sulfide
or graphite is used to the soft coating material forming
the wire coating 4, the same effect is provided.

[0029] In case of reducing the diameter & of the wires
2 and the sheave diameter D, abrasion caused by con-
tact between the outermost wires of the rope 1 and the
sheave groove must be considered in addition to the
abrasion resulting from the mutual slippage of the wires
2. Therefore, in the present embodiment, to reduce the
abrasion between the wires 2 and the sheave groove,
the surface of the outermost layer of the rope 1 is cov-
ered with the rope coating 5 as shown in FIG. 1. For the
material for the rope coating 5, one of the above-de-
scribed coating materials for the wires 2 may be used.
In general, abrasion has a close relationship with a ratio
of the contact surface pressure to the yield pressure of
the material, so that by reducing this ratio, it is possible
to reduce an amount of the abrasion. That is, as de-
scribed above, reduction of contact surface pressure is
effective in reducing the amount of the abrasion. In com-
parison with the case in which the wires 2 directly come
into contact with the sheave groove, the case in which
the entire rope 1 is covered with the coating in a closed
state and comes into contact with the sheave groove
can increase the radius of curvature at contact points to
enlarge the contact area, that is, reduce the contact sur-
face pressure. Further, other than the radius of curva-
ture at the contact points, it is possible to increase the
contact area and to reduce the contact pressure by low-
ering the modulus of elasticity of the material.

[0030] The intermediate coating material 6 is ar-
ranged between the wires 2 and the rope coating 5 ap-
plied to the outermost layer and reduces abrasion of the
rope coating 5 from the inside. Further, the rope coating
5 also has a function of shielding the entire rope 1 from
the ambient air, thereby improving the corrosion resist-
ance of the rope 1. Therefore, the rope 1 ensures stable
reliability and life even in mechanical systems installed
outdoors. Further, it is desirable that the rope coating
material is inflammable. Furthermore, the rope coating
5 can be arbitrarily colored, and therefore, it is possible
to make the mechanical systems installed outdoors or
indoors have wide possibility in design thereof.

[0031] Since the rope 1 of the invention is constructed
as described above, the steel wires 2 do not directly con-
tact with each other or with the sheave groove. Thus, in
the strand 3 formed by twisting a plurality of the wires 2
together, the wires arranged in the outermost layer need
not be provided with an abrasion resistance character-
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istic. It is desirable that the rope 1 according to the
present invention is formed of Wallington type strands
3 of which wires 2 have a substantially equal diameter 8.
[0032] When reducing the diameter D of the sheave
in order to facilitate the reduction of the size and weight
of the mechanical system, a method of twisting the rope
1 also affects the flexibility of the rope in addition to the
reduction of the bending stress due to small sizing of the
diameter of the wires, the wire coating 4 on the wires 2
for reducing abrasion associated with the reduced di-
ameter of the wires and the rope coating 5 on the entire
rope 1. In general, the method of twisting the rope 1 used
in the mechanical system includes Lang's lay that the
wires 2 and the strands 3 are twisted in the same direc-
tion and ordinary lay that the wires 2 and the strands 3
are twisted in opposite directions.

[0033] In alang's lay rope, an angle that the wires 2
form with respect to a central axis of the rope 1 is larger
in comparison with that in an ordinary lay rope. There-
fore, the flexibility of the whole of the Lang's lay rope
with respect to bending is high. Thus, in a case that the
rope 1 of the present embodiment is utilized in the re-
duction of the diameter of the sheave, for example, in
an elevator, the rope 1 formed using the Lang's lay is
used when the rope is used in a condition that the ratio
D/d of the sheave diameter D to the rope diameter d is
lower than 40. Further, in a Lang's lay rope, wires ap-
pearing on the surface of the rope are longer and the
surface is smoother in comparison with the ordinary lay
rope, so that the Lang's lay rope undergoes few local
contact and a low contact surface pressure. Thus, when
the rope 1 is caught in the sheave, a compressive stress
acting upon the rope coating is lower in comparison with
the ordinary lay rope. The contact pressure between the
rope 1 and the sheave increases as the sheave diame-
ter decreases. Taking the fatigue and life of the rope
coating 5 into consideration, in a case that the rope 1 of
the present embodiment is utilized in the reduction of
the diameter of the sheave, for example, in an elevator,
the rope 1 formed using the Lang's lay is used when the
rope is used in a condition that the ratio D/d of the
sheave diameter D to the rope diameter d is lower than
40.

[0034] On the other hand, with the ordinary lay rope,
when tension acts on the rope, resistance against rota-
tions in an untwisting direction increases. Thus, if the
rope 1 of the present embodiment is applied to a me-
chanical system that gives top priority to suppression of
rotation of the rope 1, the rope 1 formed using the ordi-
nary lay is used.

[0035] Degradation and life of the rope 1 as a load
supporting member may occur due to breakage of the
wires 2 constituting the rope 1. Determination of degra-
dation of the rope 1, the outermost layer of which is cov-
ered with the rope coating 5, is carried out by detecting
breakage of the wires 2 constituting the load supporting
member by means of a magnetic flaw detecting such as
magnetic leakage flux testing.
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[0036] FIG. 3 is a schematic sectional view showing
that the rope 1 of the present invention is being caught
in a sheave 7. In the case of an elevator, the rope 1 is
caught in a sheave groove 8, and an electric motor (not
shown) is used to rotate the sheave 7 so that the rope
1 is driven by frictional force generated between the
rope 1 and the sheave groove 8. The sheave groove 8
is formed in a lining 9 fitted in the sheave 7 and the lining
9 is detachably mounted on the sheave 7. Considering
frictional force generated between the lining 9 and the
rope coating 5 and possible abrasion, the lining 9 is
structured by a resin such as polyurethane, polyamide,
or polyethylene. By using these resin materials, contact
with the rope coating material 5, which is similar to these
resin materials, becomes elastic or viscoelastic resin
friction and sufficient frictional force for an elevator can
be obtained. Instead of the lining 9, also in coating of
resin material, appropriate frictional force and abrasion
resistance can be obtained.

[0037] FIG. 4 is a schematic sectional view of a sec-
ond embodiment of the rope of the present invention.
This embodiment differs from the first embodiment in
that a fiber core 10 is arranged in the center of the rope
1. This fiber core 10 is formed of natural fibers such as
cannabis or synthetic fibers such as polypropylene, pol-
yester, polyamide, polyethylene, aramid, or PBO. With
the present configuration, it is possible to reduce the
abrasion of the wires 2 or wire coating 4 caused by the
mutual slippage of the strands 3 when the rope is sub-
jected to tension or wound around the sheave 7 and thus
bent. Further, by forming the fiber core 10 using strong
synthetic fibers, the breaking strength of the rope 1 is
increased. In this case, the twisting of the fiber core is
set so that an elongation of the strands 3 formed of the
steel wires 2 matches that of the fiber core so as to ap-
propriately distribute loads to both strands 3 and the fib-
er core. The rope core material may be resin material
such as polyurethane, polyamide, or polyethylene.
[0038] FIG. 5 is a schematic sectional view of a third
embodiment of the rope of the present invention. This
embodiment differs from the first embodiment in that the
strand 3 arranged in the center of the rope is covered
with a strand coating 11. The strand coating 11 is formed
of resin material such as polyurethane, polyamide, or
polyethylene. This reduces the abrasion of the wires 2
or the wire coating 4 caused by the mutual slippage of
the strands 3 as in the above embodiments. All the
strands 3 may be strand-coated.

[0039] FIG. 6is a schematic sectional view of a fourth
embodiment of the rope of the present invention. This
embodiment differs from the first embodiment in that all
the strands 3 are covered with the strand coating 11.
This more effectively reduces the abrasion of the wires
2 or the wire coating 4 caused by the mutual slippage
of the strands 3, than the above-described embodi-
ments.

[0040] FIG. 7 is a schematic sectional view of a fifth
embodiment of the rope of the present invention. This



9 EP 1 273 695 A1 10

embodiment differs from a sixth embodiment in that the
wires are not coated but each strand 3 is covered with
the strand coating 11 and filled with a lubricant 12. The
lubricant 12 is solid lubricant such as molybdenum
sulfide or graphite, or grease. With this construction,
even if the rope 1 is bent, the lubricant 12 serves to re-
duce the abrasion caused by the mutual slippage of the
wires 2. In this connection, by coating each wire 2 and
further sealing the lubricant into each strand, the life of
the rope can be further extended than the sixth embod-
iment. In the above-described embodiments, the life of
the rope can be extended by filling each strand with the
same material as the above coating material, as filler.
[0041] FIG. 8 is a perspective view of a first embodi-
ment of an elevator using the wire ropes described
above. Further, FIG. 9 is a plan view showing an elevat-
ing passage in the present embodiment as viewed from
the above.

[0042] A cage 51 of the elevator is supported by a
rope 53 via under-cage pulleys 52. One end of the rope
53 is fixed to a building at a support point 54. The other
end is fixed to the building at a support point 55 via the
under-cage pulleys 52, a sheave 56, and a counter-
weight pulley 58 installed in a counterweight 57. Then,
a driver 59 rotates the sheave 56 to drive the rope 53
by frictional force generated between the sheave 56 and
the rope 53, thereby moving the cage 51 and the coun-
terweight 57 in the vertical direction. The driver 59 is
provided with a brake 60.

[0043] InFIG. 8, the driver 59 is shown as a gearless
type driver comprising a single motor, but may be of a
geared type driver using a reduction gear. As shown in
FIG. 9, the cage 51 is regulated by guide devices 61 and
cage rails 62 so as to move only in the vertical direction.
Likewise, although not shown, the counterweight 57 is
regulated by a guide device and a counterweight rail 63
so as to move only in the vertical direction. Further, the
cage 51 is provided with cage-side doors 72a and 72b
so as to oppose stop-side doors 73a and 73b installed
on a side to a step passage. In FIGS. 8 and 9, the driver
59 is shown to overhang above the cage 51 but may be
installed in a gap between the cage 51 and an elevating
passage wall 64 using a thinner motor or reduction gear.
[0044] When the rope 53 is constructed according to
one of the above-described embodiments, the under-
cage pulleys 52, sheave 56, and counterweight pulley
58 in FIG. 8 may have smaller diameters than those in
an elevator with a conventional rope.

[0045] The elevating passage for the elevator has a
pit dug in a bottom thereof as a free space. With a con-
figuration using the rope of the present invention, the
under-cage pulleys 52 have a small diameter, a dimen-
sion of the under-cage pulleys 52 protruding downward
from the cage 51 is reduced, and the pit can be formed
to be shallower than that in the prior art, so that advan-
tage to reduce costs required to construct the building.
[0046] Furthermore, since the size of the under-cage
pulleys 52 can be reduced, the total weight of the cage
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can be reduced to allow the cage to be accelerated and
decelerated with reduced driving force. Consequently,
the size of the driver or the motor constituting the driver
can be reduced, thereby making it possible to reduce
the capacity of a power source that supplies the driver
with power. Further, although not shown, the cage 51 is
generally provided with an emergency stop device that
brakes the cage 51 when the rope 53 is broken. Since
the total weight of the cage 51 and the under-cage pul-
leys 52 decreases, braking force needed to the emer-
gency stop device is reduced, whereby it is possible to
make the emergency stop device lighter than conven-
tional devices.

[0047] Furthermore, by the fact that the diameter of
the sheave 56 becomes small, the rotational speed of
the sheave 56 required to move the cage 51 at a prede-
termined speed increases and torque generated by the
driver 59 becomes small. That is, the driver 59 operates
at an increased speed with reduced torque. Thus, if the
driver 59 is of the gearless type driver, it is possible to
make the diameter of the motor small. Furthermore, if a
geared type driver is used, it is possible to reduce the
reduction ratio of the reduction gear or omit the reduc-
tion gear. This makes it possible to reduce an area of
an installation space for the driver 59 located at the top
of the elevating passage, thus obtained is advantage for
reducing an amount of protrusion of the elevating pas-
sage if a ceiling of the building on the top floor is low.
[0048] As shown in FIG. 9, to arrange the driver 59,
sheave 56, counterweight pulley 58 and counterweight
58 with good space efficiency, it is preferable that the
sheave 56 and the counterweight pulley 58 be substan-
tially linearly arranged in the gap between the cage 51
and the elevating passage wall 64. In this case, when
the diameters of the sheave 56 and counterweight pul-
ley 58 are reduced, an installation position of the coun-
terweight pulley 58 is shifted in the direction of arrow A
in the drawing. This enlarges a gap between the elevat-
ing passage wall 64 and the counterweight 57, above in
the drawing, thereby making it possible to increase the
width dimension (dimension B in the drawing) of the
counterweight 57. As a result, thickness of the counter-
weight 57 (dimension C in the drawing) required to con-
struct a counterweight of the same weight becomes
small, thus making it possible to reduce a gap (dimen-
sion D in the drawing) between the cage 51 and the el-
evating passage wall 64. Therefore, obtained is advan-
tage that an area occupied by the elevating passage de-
creases.

[0049] Further, the use of the rope of the present in-
vention, described above, as the rope 53 in FIGS. 8 and
9 produces the following advantages.

[0050] First, the life of the rope 53 is extended, so that
it is possible to extend rope replacement period. That
is, the coefficient of friction between the rope 53 and the
sheave 53 becomes larger than the case in which a con-
ventional rope is used, so that it is possible to reduce
pressing force of rope 53 against the sheave 56. The
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pressing force is generated by tension of the rope re-
sulting from the total weight of the cage 51 and the coun-
terweight 57. Accordingly, slippage never occur be-
tween the rope 53 and the sheave 56 even if the press-
ing force is reduced, that is, the total weight of the cage
51 and the counterweight 57 is reduced. With this, ob-
tained is advantage to reduce the manufacturing costs
of the cage 51 and the counterweight 57 as well as the
capacities of the driver 59 and the power source.
[0051] In the embodiment shown in FIG. 9, the longi-
tudinal axes of the under-cage pulleys 52 and the
sheave 56 are substantially perpendicular to each other
rather than extending in the same direction. If a conven-
tional flat belt is used in an elevator of such layout, the
belt is twisted between the under-cage pulleys 52 and
the sheave 56. The twisted flat belt obliquely enters the
under-cage pulleys 52 and the sheave 56, which be-
comes a cause of partial wear or an instability of the
friction characteristic. In contrast, the rope 53 of the
present invention is substantially circular in cross sec-
tion and therefore, there is no case in which a partial
wear is resulted and the frictional characteristic be-
comes unstable, even if a layout in which twisting of the
rope occurs is employed.

[0052] Further, resin fiber ropes may be altered or de-
graded when exposed to ultraviolet rays, and thus can-
not be used under conditions that sunlight is incident
directly or indirectly on the elevating passage as in the
case with observation elevators or elevators provided at
outdoor. In contrast, the rope of the present invention
uses steel wires as strengthen members for bearing
loads. Therefore, it is not degraded even when exposed
to ultraviolet rays but can be used even in the environ-
ment described above.

[0053] Furthermore, at temperature of about
200-700°C, the resin fiber rope may be altered to have
its strength extremely reduced. Accordingly, when used
in an elevator, the resin fiber rope may be broken by a
fire in the building depending on its material. Further,
when a flat belt with steel twisted wires becomes hot
due to a fire in the building, sheathing resin material
used to bundle the steel twisted wires may melt to allow
the twisted wires to be entangled with each other, there-
by causing the elevator to malfunction. In contrast, the
rope of the present invention uses steel wires as
strengthen members for bearing loads. Consequently,
even if the elevating passage becomes hot because of
a fire, only the resin coating material may melt and the
strength is maintained up to about 1,000°C as in the
case with conventional wire ropes. Since elevators are
prohibited from being used while the building is on fire,
the degradation of the durability of the rope caused by
afire in the building does not directly contribute to impair
the safety of the elevator, but the above-described fea-
ture provides effective measures if the elevator is being
used when the building is caught by fire due to an un-
expected accident.

[0054] Further, in an elevator structured by a conven-
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tional wire rope, the larger a lifting height becomes, the
longer the length of the rope becomes. In this case,
since the rope must support its own weight, the strength
of the rope must be further increased. In contrast, the
rope 53 of the present invention has a lighter weight per
unit length than conventional wire ropes of equivalent
strength. Thus, even when used in an elevator with a
large lifting height, the present rope can suppress an
increase in suspension loads caused by its own weight.
[0055] The rope ofthe presentinventionis light weight
and therefore, rope transporting, installing, and remov-
ing operations performed when the elevator is installed
or the rope is replaced with a new one become easy.
[0056] Further, ina prior art combination of a wire rope
and a steel sheave, noise occurs due to the contact be-
tween the rope and the sheave. This tendency is signif-
icantin a high-speed elevator in which the sheave rotate
ata high speed. In contrast, when the rope of the present
invention is used, since its surface is coated with the
resin, which is softer than steel, the contact noise is pre-
vented regardless of whether the sheave are made of
steel or resin.

[0057] Furthermore, conventional wire ropes are im-
pregnated with lubricant to prevent wear between the
wires or between the strands. Therefore, there is possi-
bility that oil contamination occurs such as splash of the
lubricant and adhering of the lubricant to clothes. In con-
trast, the rope of the present invention uses no lubricant
and therefore, oil contamination never occur. In general,
the wire rope of the elevator is not exposed into the cage
or a passenger section, but the above advantage is ef-
fective in preventing the elevating passage wall from be-
ing contaminated or in improving the operating environ-
ment for maintenance and inspection workers.

[0058] Moreover, the resin fiber rope generally has
large initial elongation when it is initially used, and its
length must be adjusted after a fixed time lapsed from
the installation. This is because the resin fibers are soft-
er than steel wires, so that it takes much time that the
fibers are adapted to each other and come into close
contact with each other. In contrast, the center of the
rope of the present invention is structure by steel wires,
and therefore, its initial elongation becomes stable early
as in the case with conventional wire ropes, thereby
eliminating the need to adjust the rope length again.
[0059] The rope of the present invention has its sur-
face coated with the resin, and therefore, it can be arbi-
trarily colored by properly selecting the type of the resin
or mixing a pigment into the resin. Thus, for observation
or outdoor elevators, the presence of the rope can be
made unnoticeable by making it in the same color as
that of the building or elevating passage, or conversely,
the operation of the elevator can be emphasized by
making it in a color completely different from that of the
building or elevating passage. Alternatively, different
parts of the rope may be made in respective colors, so
that different combinations of colors are viewed depend-
ing on the vertical position of the cage 51. In this case,
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it is needed to prevent the resin layer from being sepa-
rated at boundaries of the colors. Thus, without mixing
pigments into the resin beforehand, pigments are mixed
with the resin simultaneously with an operation to con-
tinuously effect a resin coating on an outer circumfer-
ence of the rope body, and by changing the pigments to
be mixed, it is possible to color the resin layer with dif-
ferent colors while the resin layer is a continuous layer.
As described above, an effect to improve design can be
obtained by coloring the rope 53.

[0060] FIG. 10is a plan view of a second embodiment
of the elevator using the rope of the present invention.
The present embodiment differs from the embodiment
shown in FIG. 9 mainly in that the counterweight 57 is
installed at a different position. That is, the counter-
weight 57 is installed between a side of the cage 51 lo-
cated opposite the cage-side doors 72a and 72b and
the elevating passage wall 64. Correspondingly, the un-
der-cage pulley 52, sheave 56, and driver 59 are ar-
ranged at different positions. These differences in ar-
rangement are resulted from the limitation of the layout
of the building. As shown in FIG. 10, in the present em-
bodiment, the longitudinal axes of the under-cage pulley
52 and sheave 56 extend in different directions, and the
longitudinal axes of the sheave 56 and counterweight
pulley 58 also extend in different directions. That is, the
rope is twisted between the pulley 52 and the sheave
56 and further twisted between the sheave 56 and the
counterweight 58. Hence, if a conventional flat belt is
used in an elevator with such arrangement, a partial
wear may occur or the friction characteristic may be-
come unstable as compared with the structure shown in
FIGS. 8 and 9. However if the rope of the present inven-
tion is used in the arrangement shown in FIG. 10, a par-
tial wear and an unstable phenomenon of the friction
characteristic never occur because of generally circular
cross section of the rope, which is a feature of the
present invention. That is, the arrangement of the
present embodiment is a structure in which the advan-
tages of the rope of the present invention can be more
utilized.

[0061] FIG. 11 is a perspective view of a third embod-
iment of the elevator using the rope of the present in-
vention. In the present embodiment, top pulleys 65 and
66 are used to install the sheave 56, driver 59, and brake
60 at the bottom of the elevating passage. A main ad-
vantage of this construction is that the driver 59, which
has possibility to make noise in general, can be installed
at the bottom of the elevating passage, where noise is
hard to become a problem relatively, instead of the top
of the elevating passage, where noise is easiest to re-
sound. On the other hand, compared to the embodiment
shown in FIGS. 8 and 9, the entire length and weight of
the rope 53 become longer and heavier, and therefore,
there is a problem that a large amount of time and labor
for installation operation is required. However, when the
rope of the present invention is used in this construction,
obtained is an effect that weight of the entire rope is re-
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duced and the installation operation becomes easy.
That is, the present embodiment is a structure in which
the advantage that the rope of the present invention is
light is more utilized.

[0062] FIG. 12 is a perspective view of a fourth em-
bodiment of the elevator using the rope of the present
invention. In the present embodiment, the position of the
counterweight 57 shown in FIG. 11 is arranged behind
the cage as shown in FIG. 10. Naturally, the present em-
bodiment has both the problem in FIG. 10, i.e. the rope
53 is twisted at two locations, and the problem in FIG.
11, i.e. the weight of the entire rope is increased be-
cause the rope length is long. However, by using the
rope of the present invention, it is possible to prevent
the partial wear and unstable of the friction characteristic
and to reduce the weight of the whole of the rope, even
with a layout that requires the rope to be twisted.
[0063] FIG. 13 is a perspective view of a fifth embod-
iment of the elevator using the rope of the present in-
vention. In the present embodiment, the sheave 56, driv-
er 59 and brake 60 are arranged at the top of the ele-
vating passage or in a machine room provided above
the elevating passage. The cage 51 is supported by a
cage frame 68 and suspended by the rope 53 via a ver-
tical frame 69 and a cross-head 70. One end of the rope
53 is attached to the cross-head 70, while the other end
is attached to the counterweight 57 via the sheave 56
and a deflector wheel 67. The sheave 56 is rotated to
drive the rope 53 by frictional force generated between
the sheave 56 and the rope 53, thereby moving the cage
51 and the counterweight 57. The support of the cage
51 via the cage frame 68 and the use of the deflector
wheel 67 are not indispensable requirement of the
present invention.

[0064] The present embodiment is widely used as an
elevator construction, but the present arrangement can
also use the rope of the present invention. Specifically,
in the structure of the present embodiment, the deflector
wheel 67 is often used and therefore, a winding angle,
i.e. an angle range at which the rope 53 is wound around
the sheave 56, is apt to be smaller in comparison with
the structure in which the deflector wheel 67 is not used.
The frictional force between the sheave 56 and the rope
53 has a characteristic to decrease consistently with the
winding angle. Thus, the frictional force is insufficient
that the rope 53 is prone to slip on the sheave 56. In
contrast, when the rope 53 of the present invention is
used, higher frictional force is obtained in comparison
with the conventional wire ropes, thereby providing a re-
liable elevator that prevents the rope 53 from slipping.
[0065] FIG. 14 is a perspective view of a sixth embod-
iment of the elevator using the rope of the present in-
vention. The present embodiment uses a thin cylindrical
driver 59 having a smaller thickness relative to its diam-
eter, the brake 60, and the sheave 56. Then, by arrang-
ing the driver 59 in a gap between the elevating passage
and the cage 51, it is possible to reduce the space at
the top of the elevating passage in which, in other struc-
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ture, the driver is installed. The driver 59 in the present
embodiment is preferably structured by a permanent-
magnet-type gear-less synchronous motor. In this case,
if the sheave 56 has a large diameter, the rotational
speed of the sheave 56 needed to move the cage 51 at
the same speed becomes small and the torque gener-
ated by the driver 59 increases. Thus, the diameter of
the motor constituting the driver 59 must be made ex-
cessively large. In contrast, when the rope of the present
invention is used, the diameter of the sheave 56 can be
reduced, thus enabling the diameter of the driver 59 to
be appropriately reduced to lessen the size of the ele-
vating passage.

[0066] FIG. 15 is a perspective view of a seventh em-
bodiment of the elevator using the rope of the present
invention. In the present embodiment, the cage 51 is
suspended at a suspension point 71 by the rope 53. The
rope 53 is connected to the counterweight 57 via the
sheave 56. This configuration does not require any ver-
tical frame or cross head to suspend the cage 51, and
therefore, has an advantage simplifying the structure
around the cage. Furthermore, since the cross-head is
not required, an overall height including the cage and
the cross head is reduced, and therefore, it becomes
possible to structure an extra space to be provided at
the top of the elevating passage small. In this case,
since the driver 59 is installed in the extra space, the
smaller the height dimension of the driver 59 becomes,
the smaller the extra space becomes. Then, when the
rope of the present invention is used, the diameter of
the sheave 56 becomes small and consequently, the di-
ameter of the motor constituting the driver 59 also be-
comes small, so that the height dimension of the driver
59 is reduced. With this, obtained is an advantage that
the extra space at the top of the elevating passage can
be made smaller.

[0067] FIG. 16 is a perspective view of an eighth em-
bodiment of the elevator using the rope of the present
invention. The present embodiment is one in which the
driver 59, brake 60 and sheave 56 are installed inside
the counterweight 57 and the rope 53 is driven by the
sheave 56 to move the cage 51 and counterweight 57
in the vertical direction. In the structure of the present
embodiment, there is no need to arrange the driver and
the like at the building side, and therefore, it becomes
possible to reduce the elevating passage space more
than the prior art. However, to install the driver 59, brake
60 and sheave 56 inside the counterweight 57, the sizes
of these devices must be reduced. Against this, if the
rope of the present invention is used, it is possible to
reduce the diameter of the sheave 56, so that the driver
59 and brake 60 are made smaller, thus enabling these
devices to be installed inside the counterweight 57.
[0068] InFIG. 16, the driver 59, brake 60, and sheave
56 are installed inside the counterweight 57, but also in
a case that these devices are installed on the cage 51,
the same effect can be obtained by using the rope of the
present invention.
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[0069] FIG. 17 is a perspective view of a ninth embod-
iment of the elevator using the rope of the present in-
vention. The present embodiment is one in which, the
cage 51 and the counterweights 57 are connected
through top pulleys 65 and the ropes 53, and rails 76
are sandwiched between drive rollers 74 and press roll-
ers 75, and the driver 59 is used to rotate the drive roller
74 to move the cage 51 and the counterweights 57 in
the vertical direction. Similarly to the embodiment in
FIG. 16, the present embodiment does not require any
driver and others to be installed at the building side, and
therefore, has an effect reducing the area of the elevat-
ing passage space. Here, not to burden suspension
loads with the building side, the structure is preferable
that the top pulleys 65 are supported by the rails 76.
However, not to enlarge the elevating passage, there is
need to arrange the top pulleys 65 so as to shift their
centers in a horizontal direction from the rail 76. In this
case, a bending moment by suspension loads act on the
rails 76, which is thus prone to buckle. Against this, if
the rope of the present invention is used, the size of the
top pulleys 65 can be reduced, thereby lessening the
horizontal shift between the top pulleys 65 and the rails
76 as well as the bending moment. Consequently, the
weight of the rail 76 can be reduced.

[0070] The rope of the present invention can be used
for applications other than the elevators described
above. As ne of such applications, the application of the
present invention to a lifting crane will be described. In
general, the lifting crane is often used outdoors or in a
relatively large indoor space, so that the ropes consti-
tuting the crane are prone to be exposed to wind and
rain or dust. Thus, possible wear caused by rust or dust
shortens the life of the rope. Against this, since the sur-
face of the rope of the present invention is coated with
the resin layer, the steel twisted wire portion, which is a
strength constitution portion, is not exposed directly to
wind and rain or dust. Therefore, it is possible to extend
the life of the rope in comparison with the conventional
wire ropes.

[0071] Further, in the rope of the present invention, it
is easy to color the surface resin layer. Accordingly, by
coloring the surface resin layers in visible colors, a lifting
crane operator or workers performing wire handling op-
erations around the crane can easily find the ropes.
Consequently, a crane having high safety and operabil-
ity can be structured. In this case, the color of the surface
resin layers of the ropes are preferably yellow, orange,
and various fluorescent colors. However, if surrounding
environments have colors similar to the above-men-
tioned colors and thus this coloring does not improve
visibility, other colors can of course be used.

[0072] As anexamplein which the rope of the present
invention is used for applications other than the eleva-
tors, an explanation will be given of the case where the
present rope is applied to gondolas or lifts used in a ski-
ing ground. Such gondolas or lifts are often used out-
doors similarly to the lifting crane, described above. The
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rope of the presentinvention is coated with the resin and
thus has high weatherability and extended life.

[0073] Further, the appearance of conventional wire
ropes is not suitable to the scenery of the skiing ground
because the steel wires are exposed in state. In con-
trast, the rope of the presentinvention allows the surface
resin layer to be easily colored, and therefore, it is pos-
sible to structure lifts having appearance suitable to the
scenery. For example, if the presence of the lifts is to be
made unnoticeable, the ropes are preferably colored in
white or a light color similar to white. Conversely, if the
lifts are to be made noticeable in the direction in which
the lifts extend, a visible color such as red, blue, or green
is suitable. In particular, by coloring the ropes of adja-
cent lifts in different colors, obtained is an effect that it
is easy to discriminate which direction the lift which a
passenger is selecting moves.

[0074] Furthermore, for chair type lifts, passengers
are seated immediately below the wire rope. Then, a
problem arises that the passengers' clothes may be
stained by falling of droplets of the lubricant depending
on how lubricant is applied to the wire rope. In contrast,
the rope of the present invention does not require the
lubricant to be applied, and therefore, there is no fear to
stain the passengers' clothes.

[0075] By the way, the ropes used for the lifts in the
skiing ground must be endless, i.e. the opposite ends
thereof must be joined together. For conventional wire
ropes, the rope is made endless by unraveling the
strands constituting the rope and executing a splicing
process to braid the strands protruding from the oppo-
site ends. In contrast, the rope of the present invention
can be made endless by the following operation:
[0076] A fixed section of the surface coating resin at
each end of the rope is removed. Then, the strands con-
stituting the steel rope are unraveled, and a splicing
process is executed to braid the strands protruding from
the opposite ends. Subsequently, the processed portion
is coated with the resin material again.

[0077] In this case, if rainwater or the like permeates
into the rope through the re-coated portion, the rope may
be rusted and become weaker. Thus, the re-coating
must be applied at least in a waterproof manner. As a
preferred example, the rope may be coated with a tube
composed of a heat-shrinkable resin, by heating the
tube, or a resin tape with pressure sensitive adhesive
may be wound around the rope. Alternatively, the rope
may be made more waterproof by using sealing material
to close the interface between the original surface resin
layer and the re-coated resin.

[0078] The present invention, constructed as de-
scribed above, suppresses the shortening of the life of
the rope, which may occur if the sheave of the elevator
have reduced diameters, or extends the life of the rope.
Thus, the present invention reduces the size and weight
of equipment including a motor and a hoist, saves the
space required to install the elevator, and improves the
safety and reliability of the system by extending of the
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life of the rope.

Claims

1.

10.

1.

12.

13.

A wire rope comprising:

a plurality of strands twisted together; and

a plurality of wires obtained by twisting said
strands together, wherein

an outer surface of the wire rope is coated with
resin material and a cross section of the wire
rope is generally circle.

A wire rope according to Claim 1, wherein said plu-
rality of wires each are coated with resin material.

A wire rope according to Claim 2, further comprising
a fiber core arranged in a center thereof.

A wire rope according to Claim 1, wherein at least
one of said plurality of strands which is arranged in
the center of said wire rope is coated with resin ma-
terial.

A wire rope according to Claim 2, at least one of
said plurality of strands which is arranged in the
center of said wire rope is coated with resin mate-
rial.

A wire rope according to Claim 1, wherein said plu-
rality of strands each are coated with resin material.

A wire rope according to Claim 2, wherein said plu-
rality of strands each are coated with resin material.

A wire rope according to Claim 4, wherein lubricant
is filled into the coating of said strand.

A wire rope according to Claim 5, wherein lubricant
is filled into the coating of said strand.

A wire rope according to Claim 6, wherein lubricant
is filled into the coating of each of said strands.

A wire rope according to Claim 7, wherein lubricant
is filled into the coating of each of said strands.

A wire rope according to Claim 1, wherein said coat-
ing has a plurality of layers.

An elevator wherein a cage and a counterweight are
connected together by a plurality of main ropes, and
the plurality of main ropes are driven by being
wound around a sheave driven by a motor, and
wherein said plurality of main ropes comprises a
wire rope according to any one of claims 1 to 12.
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15.
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An elevator according to Claim 13, wherein a ratio
D/d between a diameter D of said sheave and a di-
ameter d of said main ropes is 40 or less, and

a diameter 6 of said wires and the diameter D
of said sheave satisfies the following expression:

E&/2D < 260 [MPa]

where, E represents a longitudinal elastic
modulus of the wire.

An elevator according to Claim 13, wherein said
wire ropes are formed using Lang's lay in which the
wires and strands are twisted in the same direction.
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