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(54) ELEVATOR APPARATUS

(57) A car and a counterweight are suspended within
a hoistway by means of a main rope. A drive device for
raising/lowering the car and the counterweight has a driv-
ing sheave around which the main rope is looped. The
main rope has a surface formed of a resin. The main rope
is also looped around a driven sheave, which is rotated
through movement of the main rope. The driven sheave
has an outer periphery portion provided with a groove
portion into which the main rope is inserted. A coefficient
of friction between an inner surface of the groove portion
and the main rope is smaller than a coefficient of friction
between iron materials.
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Description

Technical Field

[0001] The present invention relates to a traction-type
elevator apparatus for raising/lowering, with the aid of a
driving force of a drive device, a car and a counterweight
that are suspended within a hoistway by means of a main
rope.

Background Art

[0002] In a conventional elevator apparatus, with a
view to reducing the size of a hoisting machine, a main
rope for suspending a car and a counterweight may be
looped according to a 2:1 roping method. In the elevator
apparatus constructed as described above, the car is pro-
vided with a car suspending pulley, and the counter-
weight is provided with a counterweight suspending pul-
ley. The hoisting machine, which has a driving sheave,
is provided at a bottom within a hoistway. In addition, a
car-side return pulley and a counterweight-side return
pulley are provided in an upper portion of the hoistway.
The main rope is connected at one end thereof and the
other end thereof to an upper portion of the hoistway.
The main rope, which extends from the above-mentioned
one end thereof to the other end thereof, is sequentially
looped around the car suspending pulley, the car-side
return pulley, the driving sheave, the counterweight-side
return pulley, and the counterweight suspending pulley
(see Patent Document 1).
[0003] Patent Document 1: JP 2004-269074 A

Disclosure of the Invention

Problems to be solved by the Invention

[0004] Conventionally, in installing an elevator appa-
ratus, an operation of looping a main rope around re-
spective sheaves while dragging the main rope around
among the respective sheaves is performed in order to
suspend a car and a counterweight by means of the main
rope. If the main rope is let go through carelessness at
this moment, the sheaves rotate due to the weight of the
main rope, so there is a risk that the main rope may fall
at a high speed. Thus, after the respective sheaves have
been fitted with detents to be prevented from rotating,
the main rope is looped around the respective sheaves.
[0005] In general, sheaves for an elevator apparatus
such as a driving sheave, a car suspending pulley, a car-
side return pulley and the like, and a main rope for the
elevator apparatus are made of iron. In recent years,
there has been proposed a main rope having a surface
formed of a resin in order to increase the coefficient of
friction with the driving sheave made of iron and improve
the traction abilities of the sheaves. However, in a case
where this main rope is applied to the aforementioned
elevator apparatus, since the frictional forces acting be-

tween the respective sheaves and the main rope are
large and the number of the sheaves is large as well, a
great effort is required in dragging the main rope when
the sheaves are fitted with detents, respectively. As a
result, the operation of looping the main rope is trouble-
some.
[0006] Even after the car and the counterweight have
been suspended by means of the main rope, a long time
is required until a tensile force applied to the main rope
along an entire length thereof is homogenized, due to
the frictional forces acting between the respective
sheaves and the main rope. A long time is also required
in, for example, adjusting a clearance between a shock
absorber provided at a bottom of a hoistway and a lower
portion of the counterweight.
[0007] The present invention has been made to solve
the above-mentioned problems, and it is therefore an obj
ect of the present invention to obtain an elevator appa-
ratus which makes it possible to facilitate an operation
of looping a main rope around a plurality of sheaves and
homogenize with ease a tensile force applied to the main
rope along an entire length thereof even when the main
rope has a surface formed of a resin.

Means for solving the Problems

[0008] An elevator apparatus according to the present
invention includes: a car and a counterweight that can
be raised/lowered within a hoistway; a main rope having
a surface formed of a resin, for suspending the car and
the counterweight within the hoistway; a drive device hav-
ing a driving sheave around which the main rope is
looped, for rotating the driving sheave to raise/lower the
car and the counterweight; and a driven sheave around
which the main rope is looped, for being rotated through
movement of the main rope, in which: the driven sheave
has an outer periphery portion provided with a groove
portion into which the main rope is inserted; and the
groove portion has an inner surface whose coefficient of
friction with the main rope is smaller than a coefficient of
friction between iron materials.

Brief Description of the Drawings

[0009]

Fig. 1 is a schematic diagram showing an elevator
apparatus according to Embodiment 1 of the present
invention.
Fig. 2 is a sectional view showing a car-side return
pulley of Fig. 1.
Fig. 3 is a sectional view showing an outer periphery
portion of the car-side return pulley of Fig. 2.
Fig. 4 is a sectional view showing an outer periphery
portion of a car-side return pulley according to Em-
bodiment 2 of the present invention.
Fig. 5 is a sectional view showing an outer periphery
portion of a car-side return pulley according to Em-
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bodiment 3 of the present invention.

Best Modes for carrying out the Invention

[0010] Preferred embodiments of the present inven-
tion will be described hereinafter with reference to the
drawings.

Embodiment 1

[0011] Fig. 1 is a schematic diagram showing an ele-
vator apparatus according to Embodiment 1 of the
present invention. Referring to Fig. 1, a car 2 and a coun-
terweight 3 are suspended within a hoistway 1 by means
of a plurality of main ropes 4. A hoisting machine (drive
device) 5 for generating a driving force for raising/lower-
ing the car 2 and the counterweight 3 is provided at a
bottom within the hoistway 1. The hoisting machine 5 has
a hoisting machine body 6 including a motor, and a driving
sheave 7 for being rotated by the hoisting machine body
6.
[0012] A pair of car suspending pulleys 8 are provided
on a lower portion of the car 2. A counterweight suspend-
ing pulley 9 is provided on an upper portion of the coun-
terweight 3. A car-side return pulley 10 and a counter-
weight-side return pulley 11 are provided in an upper
portion within the hoistway 1. Further, a car-side cleat
device 12 and a counterweight-side cleat device 13 are
provided in the upper portion within the hoistway 1.
[0013] One end 4a of each of the main ropes 4 is con-
nected to the car-side cleat device 12, and the other end
4b of each of the main ropes 4 is connected to the coun-
terweight-side cleat device 13. Each of the main ropes
4, which extends from the above-mentioned one end 4a
thereof to the other end 4b thereof, is sequentially looped
around the respective car suspending pulleys 8, the car-
side return pulley 10, the driving sheave 7, the counter-
weight-side return pulley 11, and the counterweight sus-
pending pulley 9.
[0014] The respective main ropes 4 are moved through
rotation of the driving sheave 7. When the respective
main ropes 4 are moved, the car suspending pulleys 8,
the counterweight suspending pulley 9, the car-side re-
turn pulley 10, and the counterweight-side return pulley
11 are rotated. That is, the car suspending pulleys 8, the
counterweight suspending pulley 9, the car-side return
pulley 10, and the counterweight-side return pulley 11
are designed as driven sheaves, which are rotated
through movement of the respective main ropes 4. The
car 2 and the counterweight 3 are raised/lowered within
the hoistway 1 through movement of the respective main
ropes 4.
[0015] Each of the main ropes 4 is covered with a res-
inous covering member so as to be prevented from slip-
ping with respect to the respective sheaves 7 to 11. That
is, the respective main ropes 4 have surfaces formed of
a resin. Mentionable as a material of the covering mem-
ber is, for example, a resin such as urethane rubber. In

a case where urethane rubber is adopted as the material
of the covering member, the coefficient of friction be-
tween a sheave, which is formed of iron, and a main rope
is substantially equal to or larger than 0.4.
[0016] Fig. 2 is a sectional view showing the car-side
return pulley 10 of Fig. 1. Referring to Fig. 2, the car-side
return pulley 10 is provided on a horizontally extending
stationary shaft 14. A bearing 15 is interposed between
the car-side return pulley 10 and the stationary shaft 14.
The car-side return pulley 10 is rotatable around the sta-
tionary shaft 14.
[0017] A plurality of groove portions 16 extending in a
circumferential direction of the car-side return pulley 10
are provided in an outer periphery portion of the car-side
return pulley 10. The main ropes 4 are inserted in the
groove portions 16, respectively.
[0018] Fig. 3 is a sectional view showing the outer pe-
riphery portion of the car-side return pulley 10 of Fig. 2.
Referring to Fig. 3, linings 17 forming inner surfaces of
the groove portions 16 are provided therein, respectively.
The main ropes 4 are in contact with the linings 17, re-
spectively. Acoefficient of friction between the linings 17
and the main ropes 4 is smaller than a coefficient of fric-
tionbetweenironmaterials. That is, the linings 17 are
made of a material whose coefficient of friction with the
main ropes 4 is smaller than the coefficient of friction
between the iron materials. Mentionable as the material
of the linings 17 are, for example, a fluorinated resin (Te-
flon®), a plated material scattered with a solid lubricant,
and the like. It has been experimentally confirmed that
there is no hindrance to the operation of looping the main
ropes 4 when the coefficient of friction between the main
ropes 4 and the linings 17 is smaller than the coefficient
of friction between the iron materials. In this example,
the coefficient of friction between the linings 17 and the
main ropes 4 is smaller than about 0.2, which is a value
smaller than the coefficient of friction between the iron
materials. The respective car suspending pulleys 8, the
counterweight suspending pulley 9, and the counter-
weight-side return pulley 11 are constructed in the same
manner as the car-side return pulley 10.
[0019] A plurality of groove portions (not shown), into
which the main ropes 4 are inserted respectively, are
provided in an outer periphery portion of the driving
sheave 7. The respective groove portions of the driving
sheave 7 has inner surfaces formed of iron. That is, the
coefficient of friction between the inner surfaces of the
groove portions 16 provided in the driven sheaves 8 to
11 and the main ropes 4 is smaller than a coefficient of
friction between the inner surfaces of the groove portions
provided in the driving sheave 7 and the main ropes 4.
[0020] Next, a procedure followed in looping the re-
spective main ropes 4 around the driving sheave 7 and
the driven sheaves 8 to 11 will be described. First of all,
in order to prevent the car 2 and the counterweight 3 from
falling, a chain or the like is used, for example, to suspend
the car 2 and the counterweight 3 to fix them within the
hoistway 1. The respective car suspending pulleys 8, the
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counterweight suspending pulley 9, the car-side return
pulley 10, and the counterweight-side return pulley 11
are fitted with detents so as to be prevented from rotating
through contact with the main ropes 4.
[0021] After that, the above-mentioned one end 4a of
each of the main ropes 4 is connected to the car-side
cleat device 12. After that, the respective main ropes 4
are sequentially looped around the respective car sus-
pending pulleys 8, the car-side return pulley 10, the drive
sheave 7, the counterweight-side return pulley 11, and
the counterweight suspending pulley 9 while being
dragged. Then, the other end 4b of each of the main
ropes 4 is connected to the counterweight-side cleat de-
vice 13.
[0022] After that, the car-side cleat device 12 and the
counterweight-side cleat device 13 are operated to adjust
the tensile forces applied to the respective main ropes
4, so the vertical positions of the above-mentioned one
end 4a and the other end 4b of each of the respective
main ropes 4 are adjusted. In a case where discrepancies
occur among the magnitudes of the tensile forces applied
to the common main ropes 4 at this moment, the main
ropes 4 slip with respect to the driven sheaves 8 to 11 in
such a direction that the magnitudes of the tensile forces
applied to the main ropes 4 along the entire length thereof
are homogenized (such a direction that the discrepancies
among the tensile forces decrease) while the discrepan-
cies among the magnitudes of the tensile forces are still
small.
[0023] After that, the car 2 and the counterweight 3 are
released, and the detents fitted to the driven sheaves 8
to 11 are removed. In this manner, the respective main
ropes 4 are looped around the driving sheave 7 and the
driven sheaves 8 to 11.
[0024] In the elevator apparatus constructed as de-
scribed above, the coefficient of friction between the inner
surfaces of the respective groove portions 16 provided
in the outer periphery portions of the driven sheaves 8
to 11 and the main ropes 4 is smaller than the coefficient
of friction between the iron materials. Therefore, even
when the surfaces of the main ropes 4 are formed of a
resin unlikely to cause slippage, the main ropes 4 can be
made liable to slip with respect to the driven sheaves 8
to 11. As a result, the operation of looping the main ropes
4 around the driving sheave 7 and the driven sheaves 8
to 11 can be facilitated. Even in a case where discrep-
ancies occur among the magnitudes of the tensile forces
within the common main ropes 4 as a result of the looping
of the main ropes 4 around the driven sheaves 8 to 11,
the main ropes 4 can be caused to slip with respect to
the driven sheaves 8 to 11 while the discrepancies among
the magnitudes of the tensile forces are still small. As a
result, the tensile forces applied to the respective main
ropes 4 along the entire length thereof can be homoge-
nized with ease.
[0025] Further, the linings 17 forming the inner surfac-
es of the groove portions 16 are provided therein and
made of, for example, a fluorinated resin or the like.

Therefore, even when the surfaces of the main ropes 4
are formed of a resin unlikely to cause slippage, the main
ropes 4 can be made likely to slip with respect to existing
driven sheaves merely by providing (coating) groove por-
tions of the driven sheaves with linings, respectively. Ac-
cordingly, the driven sheaves 8 to 11 can be manufac-
tured at low cost and with ease through effective utiliza-
tion of the existing driven sheaves.

Embodiment 2

[0026] In the foregoing example, the linings 17 are pro-
vided in the groove portions 16 respectively to reduce
the coefficient of friction between the main ropes 4 and
the groove portions 16. However, the outer periphery por-
tions themselves of the driven sheaves 8 to 11 may be
made out of a material whose coefficient of friction with
the main ropes 4 is smaller than the coefficient of friction
between the iron materials so as to reduce the coefficient
of friction between the inner surfaces of the groove por-
tions and the main ropes 4.
[0027] That is, Fig. 4 is a sectional view showing the
outer periphery portion of the car-side return pulley 10
according to Embodiment 2 of the present invention. Re-
ferring to Fig. 4, the car-side return pulley 10 has a sheave
body 21, and a sheave outer periphery portion 22 pro-
vided on the sheave body 21 so as to surround it. The
sheave body 21 is made of iron. The sheave outer pe-
riphery portion 22 is made of a material whose coefficient
of friction with the main ropes 4 is smaller than the coef-
ficient of friction between the iron materials. Mentionable
as the material of the sheave outer periphery portion 22
is, for example, ultra high molecular polyethylene, high-
density polyethylene, polypropylene, or the like.
[0028] The sheave outer periphery portion 22 is pro-
vided with a plurality of groove portions 23 into which the
main ropes 4 are inserted, respectively. The main ropes
4 are in contact with inner surfaces of the groove portions
23, respectively. The inner surfaces of the respective
groove portions 23 are formed of the material of the
sheave outer periphery portion 22. That is, the coefficient
of friction between the inner surfaces of the groove por-
tions 23 and the main ropes 4 is smaller than the coeffi-
cient of friction between the iron materials. In this exam-
ple, the coefficient of friction between the groove portions
23 and the main ropes 4 is smaller than 0.2. The respec-
tive car suspending pulleys 8, the counterweight sus-
pending pulley 9, and the counterweight-side return pul-
ley 11 (Fig. 1) are constructed in the same manner as
the car-side return pulley 10 (Fig. 4). Embodiment 2 of
the present invention is identical to Embodiment 1 of the
present invention in other constructional details.
[0029] In the elevator apparatus constructed as de-
scribed above, the sheave outer periphery portion 22 of
each of the driven sheaves 8 to 11 is made of, for exam-
ple, ultra high molecular polyethylene or the like. There-
fore, the coefficient of friction between the inner surfaces
of the groove portions 23 provided in the sheave outer
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periphery portion 22 and the main ropes 4 can be made
smaller than the coefficient of friction between the iron
materials. Thus, the main ropes 4 can be made likely to
slip with respect to the driven sheaves 8 to 11, so the
operation of looping the main ropes 4 around the driving
sheave 7 and the driven sheaves 8 to 11 can be facili-
tated. Further, the tensile forces applied to the respective
main ropes 4 along the entire length thereof can be easily
homogenized as well. Further, even when the groove
portions 23 have been abraded due to the friction be-
tween the main ropes 4 and the groove portions 23, the
coefficient of friction between the main ropes 4 and the
groove portions 23 can be kept small. Still further, even
when the interiors of the groove portions cannot be coat-
ed with linings for some reason, the driven sheaves 8 to
11 can be manufactured with ease.

Embodiment 3

[0030] In Embodiment 2 of the present invention, only
the outer periphery portions of the driven sheaves 8 to
11 are made of the material whose coefficient of friction
with the main ropes 4 is smaller than the coefficient of
friction between the iron materials. However, the driven
sheaves 8 to 11 themselves may be made of a material
whose coefficient of friction with the main ropes 4 is small-
er than the coefficient of friction between the iron mate-
rials.
[0031] That is, Fig. 5 is a sectional view showing the
outer periphery portion of the car-side return pulley 10
according to Embodiment 3 of the present invention. Re-
ferring to Fig. 5, the car-side return pulley 10 is made of
the same material as the sheave outer periphery portion
22 according to Embodiment 2 of the present invention.
The outer periphery portion of the car-side return pulley
10 is provided with a plurality of groove portions 31 into
which the main ropes 4 are inserted, respectively. The
main ropes 4 are in contact with inner surfaces of the
groove portions 31, respectively. The inner surfaces of
the respective groove portions 31 are formed of the ma-
terial of the car-side return pulley 10. That is, the coeffi-
cient of friction between the inner surfaces of the groove
portions 31 and the main ropes 4 is smaller than the co-
efficient of friction between the iron materials. In this ex-
ample, the coefficient of friction between the groove por-
tions 31 and the main ropes 4 is smaller than 0.2. The
respective car suspending pulleys 8, the counterweight
suspending pulley 9, and the counterweight-side return
pulley 11 (Fig. 1) are constructed in the same manner as
the car-side return pulley 10 (Fig. 5). Embodiment 3 of
the present invention is identical to Embodiment 1 of the
present invention in other constructional details.
[0032] As described above, even when the driven
sheaves 8 to 11 themselves are made of the material
whose coefficient of friction with the main ropes 4 is small-
er than the coefficient of friction between the iron mate-
rials, the operation of looping the main ropes 4 around
the driving sheave 7 and the driven sheaves 8 to 11 can

be facilitated, and the tensile forces applied to the re-
spective main ropes 4 along the entire length thereof can
be easily homogenized as well, as in the case of Embod-
iment 2 of the present invention. Further, even when the
groove portions 31 have been abraded due to the friction
between the main ropes 4 and the groove portions 31,
the coefficient of friction between the main ropes 4 and
the groove portions 31 can be kept small. Still further,
the respective driven sheaves 8 to 11 can be manufac-
tured through integral molding. Consequently, the driven
sheaves 8 to 11 can be manufactured more easily.

Claims

1. An elevator apparatus, comprising:

a car and a counterweight that can be raised/
lowered within a hoistway;
a main rope having a surface formed of a resin,
for suspending the car and the counterweight
within the hoistway;
a drive device having a driving sheave around
which the main rope is looped, for rotating the
driving sheave to raise/lower the car and the
counterweight; and
a driven sheave around which the main rope is
looped, for being rotated through movement of
the main rope, wherein:

the driven sheave has an outer periphery
portion provided with a groove portion into
which the main rope is inserted; and
the groove portion has an inner surface
whose coefficient of friction with the main
rope is smaller than a coefficient of friction
between iron materials.

2. An elevator apparatus according to Claim 1, wherein:

the groove portion has a lining provided therein
which forms the inner surface of the groove por-
tion; and
the lining is made of a material whose coefficient
of friction with the main rope is smaller than the
coefficient of friction between the iron materials.

3. An elevator apparatus according to Claim 1, wherein
the outer periphery portion of the driven sheave is
made of a material whose coefficient of friction with
the main rope is smaller than the coefficient of friction
between the iron materials.

4. An elevator apparatus according to Claim 1, wherein
the driven sheave is made of a material whose co-
efficient of friction with the main rope is smaller than
the coefficient of friction between the iron materials.
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5. An elevator apparatus according to Claim 3 or 4,
wherein the material whose coefficient of friction with
the main rope is smaller than the coefficient of friction
between the iron materials comprises one of ultra
high molecular polyethylene, high-density polyethyl-
ene, and polypropylene.
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