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(54) ELEVATOR APPARATUS

(57) In an elevator apparatus, a driving machine hav-
ing a drive sheave is installed in an upper portion of a
hoistway. A return pulley is also installed in an upper
portion of the hoistway. A car and a counterweight are
suspended by first and second main ropes. The first main
ropes have: first car end portions connected to the car
near a first side surface portion; and first counterweight
end portions connected to the counterweight, and are
wound around the drive sheave. The second main ropes
have: second car end portions connected to the car near
a second side surface portion; and second counterweight
end portions connected to the counterweight, and are
wound around the drive sheave and the return pulley.
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Description
TECHNICAL FIELD

[0001] The presentinvention relates to an elevator ap-
paratus in which a car and a counterweight are raised
and lowered inside a hoistway by a driving force from a
driving machine installed in an upper portion of the hoist-
way.

BACKGROUND ART

[0002] In conventional elevator apparatuses such as
that shown in Japanese Patent No. 3353032 (Gazette),
forexample, a hoisting machine s installed above a coun-
terweight inside a hoistway. A car and a counterweight
are suspended inside the hoistway by a main rope wound
around a drive sheave of the hoisting machine. In order
to ensure sufficient traction, a contact angle of the main
rope relative to the drive sheave is approximately 180
degrees.

[0003] However, in conventional elevator apparatus-
es, since the contact angle of the main rope is 180 de-
grees, a point of suspension of the car by the main rope
is to one side of the car, in other words, at a position away
from a center of gravity. For that reason, a large load acts
on guide rails for guiding raising and lowering of the car,
giving rise to a necessity to use expensive, high-strength
guiderails. Since large reaction forces act on guide rollers
engaging the guide rails, vibrations are generated in the
car when the car is operated at high speed, hindering
increases in speed.

[0004] In addition, if a two-to-one (2:1) roping method
is adopted in order to suspend the car at the center of
gravity, overall construction becomes complicated, and
the number of parts also increases, and there is a risk
that equipment costs and installation costs may be in-
creased.

DISCLOSURE OF THE INVENTION

[0005] The present invention aims to solve the above
problems and an object of the present invention is to pro-
vide an elevator apparatus enabling a point of suspen-
sion of a car to be positioned closer to a center of gravity
by a simple construction.

[0006] In order to achieve the above object, according
to one aspect of the present invention, there is provided
an elevator apparatus including: a driving machine hav-
ing a drive sheave, the driving machine being disposed
in an upper portion of a hoistway; a car having mutually
opposite first and second side surface portions, the car
being raised and lowered inside the hoistway by a driving
force from the driving machine; a counterweight raised
and lowered inside the hoistway by a driving force from
the driving machine; a return pulley disposed above the
second side surface portion; a first main rope including
a first car end portion connected to the car near the first
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side surface portion and a first counterweight end portion
connected to the counterweight, the first main rope being
wound around the drive sheave, and suspending the car
and the counterweight; and a second main rope including
a second car end portion connected to the car near the
second side surface portion and a second counterweight
end portion connected to the counterweight, the second
main rope being wound around the drive sheave and the
return pulley, and suspending the car and the counter-
weight.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007]

Figure 1 is a front elevation showing part of an ele-
vator apparatus according to Embodiment 1 of the
present invention;

Figure 2 is a plan showing the elevator apparatus in
Figure 1;

Figure 3 is a front elevation showing part of an ele-
vator apparatus according to Embodiment 2 of the
present invention;

Figure 4 is a plan showing the elevator apparatus in
Figure 3;

Figure 5 is a front elevation showing part of an ele-
vator apparatus according to Embodiment 3 of the
present invention; and

Figure 6 is a front elevation showing part of an ele-
vator apparatus according to Embodiment 4 of the
present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

[0008] Preferred embodiments of the present inven-
tion will now be explained with reference to the drawings.

Embodiment 1

[0009] Figure 1 is a front elevation showing part of an
elevator apparatus according to Embodiment 1 of the
present invention, and Figure 2 is a plan showing the
elevator apparatus in Figure 1.

[0010] In the figures, a pair of car guide rails 2 and a
pair of counterweight guide rails 3 are installed inside a
hoistway 1. A car 4 is guided by the car guide rails 2 so
as to be raised and lowered inside the hoistway 1. A
counterweight 5 is guided by the counterweight guide
rails 3 so as to be raised and lowered inside the hoistway
1.

[0011] The car 4 includes mutually opposite first and
second side surface portions 4a and 4b. The counter-
weight 5 is disposed so as to face the first side surface
portion 4a in a plane projected vertically. The car guide
rails 2 and the counterweight guide rails 3 are disposed
such that an imaginary straight line connecting the coun-
terweight guide rails 3 extends at a right angle relative
to an imaginary straight line connecting the car guide
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rails 2 in a plane projected vertically.

[0012] A plurality of car guiding apparatuses 6 for en-
gaging the car guide rails 2 are mounted to the car 4.
The car guiding apparatuses 6 are disposed on first and
second edge portions in a width direction on an upper
portion of the car 4 and on first and second edge portions
in the width direction on a lower portion of the car 4.
[0013] A plurality of counterweight guiding apparatus-
es 7 for engaging the counterweight guide rails 3 are
mounted to the counterweight 5. The counterweight guid-
ing apparatuses 7 are disposed on first and second edge
portions in a width direction on an upper portion of the
counterweight 5 and on first and second edge portions
in the width direction on a lower portion of counterweight
5.

[0014] Roller guiding apparatuses, for example, can
be used for the car guiding apparatuses 6 and the coun-
terweight guiding apparatuses 7.

[0015] A supporting platform 8 (omitted from Figure 2)
is installed in an upper portion inside the hoistway 1. The
supporting platform 8 is fixed relative to at least one of
the guide rails 2 and 3, and load on the supporting plat-
form 8 is supported by that guide rail 2 or 3.

[0016] A driving machine 9 forraising and lowering the
car 4 and the counterweight 5 is disposed on the sup-
porting platform 8, specifically, above the counterweight
5. The driving machine 9 has: a driving machine main
body 10; adrive sheave 11 rotated by the driving machine
main body 10; and a shaft supporting portion 12 for sup-
porting a rotating shaft of the drive sheave 11 at an op-
posite end from the driving machine main body 10. A
motor for generating a driving force, and a braking ap-
paratus for braking rotation of the drive sheave 11 are
disposed on at least one of the driving machine main
body 10 and the shaft supporting portion 12.

[0017] A cylindrical hoisting machine having an axial
length dimension that is greater than a diameter of the
drive sheave 10 is used for the driving machine 9. The
driving machine 9 is disposed so as to overlap partially
with the counterweight 5 and not to overlap with the car
4 in a plane projected vertically. In addition, the driving
machine 9 is installed such that a rotating shaft of the
drive sheave 10 extends parallel (including generally par-
allel) to a depth direction of the car 4 and a width direction
of the counterweight 5 and horizontally (including gener-
ally horizontally).

[0018] A rotatable return pulley 13 is disposed above
the second side surface portion 4b inside the hoistway
1. The return pulley 13 is mounted onto the supporting
platform 8 so as to be at a height equal to that of the drive
sheave 11. The return pulley 13 is installed such that a
rotating shaft thereof extends parallel to a rotating shaft
of the drive sheave 11. In addition, a diameter of the
return pulley 13 is equal to a diameter of the drive sheave
11.

[0019] Thecar4 andthe counterweight5 are suspend-
ed inside the hoistway 1 by a plurality of first main ropes
14 and a plurality of second main ropes 15. Here, the
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number of firstand second main ropes 14 and 15 is equal
(two of each in Figure 2, for example).

[0020] The first main ropes 14 are wound around the
drive sheave 11. The first main ropes 14 have: first car
end portions 14a connected to a lower portion of the car
4 near the first side surface portion 4a; and first counter-
weight end portions 14b connected to the counterweight
5.

[0021] The second main ropes 15 are wound around
the drive sheave 11 and the return pulley 13. The second
main ropes 15 have: second car end portions 15a con-
nected to a lower portion of the car 4 near the second
side surface portion 4b; and second counterweight end
portions 15b connected to the counterweight 5.

[0022] A plurality of car springs 16 that permit inclina-
tion of the main ropes 14 and 15 are disposed on con-
necting portions between the first and second main ropes
14 and 15 and the car 4. A plurality of counterweight
springs 17 that permit inclination of the main ropes 14
and 15 are disposed on connecting portions between the
first and second main ropes 14 and 15 and the counter-
weight 5.

[0023] Main rope connecting portions 4c and 4d (see
Figure 2) to which the first and second car end portions
14a and 15a are connected are disposed on first and
second sides in a width direction of a lower portion of the
car4. Animaginary straight line connecting the mainrope
connecting portions 4c and 4d extends parallel to a di-
rection of frontage of the car 4 and passes through a
center of gravity of the car 4 in a plane projected vertically.
In other words, a point of suspension of the car 4 by the
first and second main ropes 14 and 15 is aligned with the
center of gravity of the car 4.

[0024] Inan elevatorapparatus of this kind (a machine-
roomless elevator), since the car 4 is suspended sub-
stantially at its center of gravity by distributing the first
and second main ropes 14 and 15 to two sides of the car
4, the car 4 can be raised and lower stably, enabling the
strength of the guide rails 2 and 3 to be reduced, and
costs also to be reduced. Vibrations generated in the car
4 during running are also suppressed, making it possible
to operate the car 4 at high speed.

[0025] In addition, since the configuration uses a one-
to-one (1:1) roping method, fewer parts are required than
for a two-to-one (2:1) roping method, enabling the con-
struction to be simplified.

[0026] Since a contact angle of the second main ropes
15 on the drive sheave 11 can be made approximately
180 degrees, sufficient traction capacity can be ensured.

Embodiment 2

[0027] Figure 3 is a front elevation showing part of an
elevator apparatus according to Embodiment 2 of the
present invention, and Figure 4 is a plan showing the
elevator apparatus in Figure 3.

[0028] In the figures, a first pulley 21 that rotates to-
gether with the drive sheave 11 is disposed on the rotat-
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ing shaft of the drive sheave 11. A second pulley 22 that
rotates together with the return pulley 13 is disposed on
the rotating shaft of the return pulley 13. An annular timing
belt 23 functioning as an annular member is wound
around the first and second pulleys 21 and 22. A syn-
chronizing means includes: the first pulley 21, the second
pulley 22, and the timing belt 23. The rest of the config-
uration is similar to that of Embodiment 1.

[0029] In an elevator apparatus of this kind, rotation of
the drive sheave 11 is transmitted to the return pulley 13
by means of the first pulley 21, the timing belt 23, and
the second pulley 22. Thus, rotation of the drive sheave
11 and rotation of the return pulley 13 are constantly syn-
chronized. In other words, the return pulley 13 functions
in asimilar manner to the drive sheave 11. Consequently,
traction can also be substantially improved for the second
main ropes 15.

Embodiment 3

[0030] Figure 5 is a front elevation showing part of an
elevator apparatus according to Embodiment 3 of the
presentinvention. In the figure, a tension adjusting mech-
anism 24 for adjusting tension in a timing belt 23 is dis-
posed in a vicinity of a first pulley 21. The tension adjust-
ing mechanism 24 has: an idle pulley rotating in contact
with the timing belt 23; and a pressing means for pressing
the idle pulley against the timing belt 23. The pressing
force of the idle pulley on the timing belt 23 is adjustable.
The rest of the configuration is similar to that of Embod-
iment 2.

[0031] Inanelevatorapparatus of this kind, the tension
in the timing belt 23 can be stabilized, enabling traction
inthe second main ropes 15 to be improved more reliably.

Embodiment 4

[0032] Figure 6 is a front elevation showing part of an
elevator apparatus according to Embodiment 4 of the
present invention. In the figure, a rotatable deflection
sheave 25 functioning as a contact angle increasing
means around which the second main ropes 15 are
wound is disposed in a vicinity of a drive sheave 11.
[0033] Adeflectionsheave 25is disposedin upper por-
tion inside the hoistway 1 between the drive sheave 11
and a return pulley 13. More specifically, a portion of sec-
ond main ropes 15 between the drive sheave 11 and the
return pulley 13 is wound around the deflection sheave
25.

[0034] The portion of the second main ropes 15 be-
tween the drive sheave 11 and the return pulley 13 is
displaced downward by the deflection sheave 25. Thus,
the contact angles of the second main ropes 15 on the
drive sheave 11 and the return pulley 13 are both in-
creased. The rest of the configuration is similar to that of
Embodiment 1.

[0035] Thus, because the contact angle of the second
main ropes 15 on the drive sheave 11 is increased by
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using the deflection sheave 25, traction can be improved.
[0036] Moreover, resin-coated ropes in which an outer
layer coating body composed of a high-friction resin ma-
terial is disposed on an outer peripheral portion can be
used for ropes constituting the first and second main
ropes 14 and 15. By using resin-coated ropes of this kind,
a large traction force can be ensured with a reduced con-
tact angle. Since resin-coated ropes enable flexibility to
be increased more than simple steel ropes, diameters of
the drive sheave 11 and the return pulley 13 can be re-
duced.

[0037] In the above examples, roller guiding appara-
tuses were used for the car guiding apparatuses 6 and
the counterweight guiding apparatuses 7, but it is also
possible to use sliding guide shoes.

[0038] In addition, in the above examples, the driving
machine 9 and the return pulley 13 were supported by
the guide rails 2 and 3, but they may also be supported
by a building, for example, by supporting portions fixed
to a beam fixed to the building, or by a hoistway wall, etc.
[0039] The driving machine 9 and the return pulley 13
may also be modularized as a driving machine unit by
mounting them to a shared supporting platform 8. Thus,
on-site installation can be simplified.

[0040] In the above examples, the return pulley 13 is
disposed at a height equal to that of the drive sheave 11,
but the return pulley 13 may also be disposed so as to
be offset vertically relative to the drive sheave 11.
[0041] In the above examples, the diameter of the re-
turn pulley 13 and the diameter of the drive sheave 11
were equal, but the diameters may also be mutually-dif-
ferent if required.

[0042] Inthe above examples, the number of first main
ropes 14 and the number of second main ropes 15 was
equal, but the numbers may also be mutually-different if
required.

[0043] Ropes having different cross-sectional con-
structions, or made of different materials, etc., may also
be used for the first main ropes 14 and the second main
ropes 15.

[0044] In addition, in the above examples, pulleys 21
and 22 and a timing belt 23 were combined as a synchro-
nizing means, but the synchronizing means is not limited
to these, and for example, sprockets and chains may
also be combined.

[0045] In the above examples, a deflection sheave 25
was shown as the contact angle increasing means, but
the contact angle increasing means may also be a guid-
ing member for guiding the second main ropes 15 without
rotating. In that case, it is preferable for a sliding surface
for the second main ropes 15 on the guiding member to
be constituted by a low-friction member.

[0046] In the above examples, main rope connecting
portions 4c and 4d were disposed on a lower portion of
a car 4, but they may also be disposed on between an
upper portion and the lower portion, or on the upper por-
tion, etc., provided that sufficient supporting strength can
be ensured.
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Claims

1.

An elevator apparatus comprising:

a driving machine having a drive sheave, the
driving machine being disposed in an upper por-
tion of a hoistway;

a car having mutually opposite first and second
side surface portions, the car being raised and
lowered inside the hoistway by a driving force
from the driving machine;

a counterweight raised and lowered inside the
hoistway by a driving force from the driving ma-
chine;

a return pulley disposed above the second side
surface portion;

a first main rope including a first car end portion
connected to the car near the first side surface
portion and a first counterweight end portion
connected to the counterweight, the first main
rope being wound around the drive sheave, and
suspending the car and the counterweight; and
a second main rope including a second car end
portion connected to the car near the second
side surface portion and a second counter-
weight end portion connected to the counter-
weight, the second main rope being wound
around the drive sheave and the return pulley,
and suspending the car and the counterweight.

The elevator apparatus according to Claim 1, where-
in the driving machine is a cylindrical hoisting ma-
chine having an axial length dimension thatis greater
than a diameter of the drive sheave.

The elevator apparatus according to Claim 1, where-
in the driving machine is installed such that a rotating
shaft of the drive sheave extends horizontally.

The elevator apparatus according to Claim 3, where-
in the return pulley is installed such that a rotating
shaft thereof extends parallel to the rotating shaft of
the drive sheave.

The elevator apparatus according to Claim 3, where-
in the driving machine is installed above the coun-
terweight such that the rotating shaft of the drive
sheave extends parallel to a depth direction of the
car.

The elevator apparatus according to Claim 1, further
comprising a synchronizing means for synchronizing
rotation of the drive sheave and rotation of the return

pulley.

The elevator apparatus according to Claim 6, where-
in the synchronizing means includes a first pulley
rotating together with the drive sheave, a second pul-
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10.

ley rotating together with the return pulley, and an
annular member wound around the first and second
pulleys.

The elevator apparatus according to Claim 7, where-
in the synchronizing means further comprises a ten-
sion adjusting mechanism for adjusting tension in
the annular member.

The elevator apparatus according to Claim 1, further
comprising a contact angle increasing means for in-
creasing a contact angle of the second main rope on
the drive sheave by displacing a portion of the sec-
ond main rope between the drive sheave and the
return pulley.

The elevator apparatus according to Claim 9, where-
in the contact angle increasing means is a deflection
sheave around which the second main rope is
wound.
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