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(57)  In an elevator apparatus, a first main rope that
suspends a car and a first counterweight, and a second
main rope that suspends the car and a second counter-
weight are included in a main rope group. A first car de-
flection pulley that directs the first main rope from a drive
sheave toward the car, a first counterweight deflection
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flection pulley that directs the second main rope from the
drive sheave toward the car, and a second counterweight
deflection pulley that directs the second main rope from
the drive sheave toward the second counterweight are
included in a deflection pulley group. Hanging positions
of the car by the first and second main ropes are sepa-
rated from each other when viewed from above.
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Description
TECHNICAL FIELD

[0001] The present invention relates to a traction ele-
vator apparatus in which a car and a counterweight are
suspended by a main rope group that is wound around
a drive sheave of a driving machine.

BACKGROUND ART

[0002] In conventional elevator apparatuses, a hoist-
ing machine having a thin motor as a driving source is
disposed in an upper portion inside a hoistway. The hoist-
ing machine is disposed such that a rotating shaft of a
drive sheave is vertical. In addition, in order to prevent
increases in approach angle of a main rope onto the drive
sheave, the hoisting machine is disposed in a corner por-
tion of the upper portion of the hoistway (see Patent Lit-
erature 1, for example).

[0003] Patent Document 1: JP 2001-48450 A

DISCLOSURE OF THE INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION

[0004] In order to reduce the number of permanent
magnets used in the hoisting machine in conventional
elevator apparatuses such as that described above, it is
necessary to increase a diameter of the motor since it is
necessary to generate required torque with fewer mag-
nets. On the other hand, because the hoisting machine
is disposed in the corner portion of the upper portion of
the hoistway, the hoistingmachine interferes with the
hoistway wall if the diameter of the motor is increased.

[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 driving machine
to be reduced further in thickness without requiring space
in a hoistway or machine room to be expanded even if a
diameter of a motor of the driving machine is increased.

MEANS FOR SOLVING THE PROBLEM

[0006] In orderto 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 such that a rotating
shaft of the drive sheave is vertical; a main rope group
that is wound around the drive sheave; a car that is sus-
pended inside the hoistway by the main rope group and
raised and lowered inside the hoistway by a driving force
from the driving machine; first and second counter-
weights that are suspended inside the hoistway by the
main rope group and raised and lowered inside the hoist-
way by the driving force from the driving machine; and a
deflection pulley group that is disposed in an upper por-
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tion of the hoistway so as to direct the main rope group
from the drive sheave toward the car, the first counter-
weight, and the second counterweight, wherein: the main
rope group includes a first main rope that suspends the
car and the first counterweight, and a second main rope
that suspends the car and the second counterweight; the
deflection pulley group includes a first car deflection pul-
ley that directs the first main rope from the drive sheave
toward the car, afirst counterweight deflection pulley that
directs the first main rope from the drive sheave toward
the first counterweight, a second car deflection pulley
that directs the second main rope from the drive sheave
toward the car, and a second counterweight deflection
pulley that directs the second main rope from the drive
sheave toward the second counterweight; and hanging
positions of the car by the first and second main ropes
are separated from each other when viewed from above.
[0007] According to another aspect of the present in-
vention, there is provided an elevator apparatus includ-
ing: a driving machine having a drive sheave, the driving
machine being disposed in an upper portion of a hoistway
such that a rotating shaft of the drive sheave is vertical;
amain rope group that is wound around the drive sheave;
a car that is suspended inside the hoistway by the main
rope group and raised and lowered inside the hoistway
by a driving force from the driving machine; a counter-
weight that is suspended inside the hoistway by the main
rope group and raised and lowered inside the hoistway
by the driving force from the driving machine; and a de-
flection pulley group that is disposed in an upper portion
of the hoistway so as to direct the main rope group from
the drive sheave toward the car and the counterweight,
wherein: the main rope group includes a first main rope
and a secondmain rope; the deflection pulley group in-
cludes a first car deflection pulley that directs the first
main rope from the drive sheave toward the car, a first
counterweight deflection pulley that directs the first main
rope from the drive sheave toward the counterweight, a
second car deflection pulley that directs the second main
rope from the drive sheave toward the car, and a second
counterweight deflection pulley that directs the second
main rope from the drive sheave toward the counter-
weight; hanging positions of the car by the first and sec-
ond main ropes are separated from each other when
viewed from above; and hanging positions of the coun-
terweight by the first and second main ropes are sepa-
rated from each other when viewed from above.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008]

Figure 1 is a front elevation showing an elevator ap-
paratus according to Embodiment 1 of the present
invention;
Figure 2 is a cross section taken along line Il - Il in
Figure 1;
Figure 3 is a front elevation showing an elevator ap-
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paratus according to Embodiment 2 of the present
invention;

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

Figure 5 is a plan showing an elevator apparatus
according to Embodiment 3 of the present invention;
and

Figure 6 is a plan showing an elevator apparatus
according to Embodiment 4 of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

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

Embodiment 1

[0010] Figure 1is afront elevation showing an elevator
apparatus according to Embodiment 1 of the present in-
vention, and Figure 2 is a cross section taken along line
II-1l'in Figure 1.

Moreover, in Figure 1, a hoisting zone is shown consid-
erably shortened for simplification, but the actual hoisting
zone is much longer than a height dimension of a car.
[0011] In the figures, a car 2, a first counterweight 3,
and a second counterweight 4 are disposed inside a
hoistway 1. The car 2, the first counterweight 3, and the
second counterweight 4 are raised and lowered inside
the hoistway 1. A car guide rail (not shown), a first coun-
terweight guide rail (not shown), and a second counter-
weight guide rail (not shown) that guide the raising and
lowering of the car 2, the first counterweight 3, and the
second counterweight 4, respectively, are also installed
inside the hoistway 1.

[0012] The car 2 has: a front surface 2a in which a car
entrance is disposed; a back surface 2b opposite the
front surface 2a; a first side surface 2c; and a second
side surface 2d opposite the first side surface 2c. The
first counterweight 3 is disposed so as to face the first
side surface 2c when positioned level with the car 2. The
second counterweight 4 is disposed so as to face the
second side surface 2d when positioned level with the
car 2.

[0013] The first counterweight 3 is disposed in a posi-
tion that is closer to the back surface 2b than the front
surface 2a when viewed from above. In addition, the sec-
ond counterweight 4 is disposed in a position that is closer
to the front surface 2a than the back surface 2b when
viewed from above. In other words, the first and second
counterweights 3 and 4 are disposed so as to be offset
in a depth direction of the car 2 when viewed from above.
[0014] A machine room 5 is disposed in an upper por-
tion of the hoistway 1. A driving machine (a hoisting ma-
chine) 6 that generates a driving force for raising and
lowering the car 2 and the counterweights 3 and 4 is
installed inside the machine room 5. The driving machine
6 has: a driving machine main body 7 that includes a
motor and a brake; and a drive sheave 8 that is rotated
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by the driving machine main body 7.

[0015] A thin hoisting machine having a shorter axial
dimension than an outside diameter dimension that is
perpendicular to an axial direction is used for the driving
machine 6. A permanent-magnet synchronous motor is
used for the motor of the driving machine 6. In addition,
the drive sheave 8 is rotated directly by the motor without
a reduction gear.

[0016] The driving machine 6 is disposed such that a
rotating shaft of the drive sheave 8 is vertical (also in-
cluding generally vertical). The driving machine 6 is also
disposed such that the drive sheave 8 is positioned below
the driving machine main body 7. In addition, the driving
machine 6 is disposed so as to overlap generally centrally
with the car 2 when viewed from above. In other words,
the driving machine 6 is disposed generally centrally in-
side the machine room 5.

[0017] A main rope group 10 that suspends the car 2
and the counterweights 3 and 4 is wound around the
drive sheave 8. A plurality of first main ropes 11 (only
one is shown in the figures) that suspend the car 2 and
the first counterweight 3, and a plurality of second main
ropes 12 (only one is shown in the figures) that suspend
the car 2 and the second counterweight 4 are included
in the main rope group 10.

[0018] The number of first main ropes 11 is equal to
the number of second main ropes 12. The total number
of main ropes contained in the main rope group 10 is
determined by constraints such as main rope safety fac-
tors prescribed by law, etc. The number of first and sec-
ond main ropes 11 and 12 is half the total number of main
ropes, respectively.

[0019] A wind-around range R1 of the first main ropes
11 and awind-around range R2 of the second main ropes
12 on the drive sheave 8 are centrosymmetric to each
other relative to the rotating shaft of the drive sheave 8.
The wind-around range R1 and the wind-around range
R2 do not overlap in a circumferential direction of the
drive sheave 8. Specifically, in this example, small re-
gions are present at two circumferential positions on the
drive sheave 8 where neither the first nor second main
ropes 11 and 12 are wound around. Consequently, wind-
around angles of the first and second main ropes 11 and
12 on the drive sheave 8 are less than 180 degrees,
respectively.

[0020] A deflection pulley group 14 that directs the
main rope group 10 from the drive sheave 8 toward the
car 2 and the counterweight 3 and 4 is disposed in the
machine room 5. A first car deflection pulley 15 that di-
rects the first main ropes 11 from the drive sheave 8
toward the car 2, a first counterweight deflection pulley
16 that directs the first main ropes 11 from the drive
sheave 8 toward the first counterweight 3, a second car
deflection pulley 17 that directs the second main ropes
12 from the drive sheave 8 toward the car 2, and a second
counterweight deflection pulley 18 that directs the second
main ropes 12 from the drive sheave 8 toward the second
counterweight 4 are included in the deflection pulley
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group 14.

[0021] The deflection pulleys 15 through 18 are dis-
posed such that rotating shafts thereof are horizontal.
The deflection pulleys 15 through 18 are also disposed
so as to overlap with the car 2 when viewed from above.
[0022] Firstand second hanging positions 13aand 13b
of the car 2 by the first and second main ropes 11 and
12 are separated from each other in a width direction and
a depth direction of the car 2 when viewed from above.
The hanging positions 13a and 13b are also centrosym-
metric to each other relative to a center of gravity of the
car 2 when viewed from above. Here, if a plurality of first
main ropes 11 are used, the first hanging position 13a is
an action centre of forces from all of the first main ropes
11. The second hanging position 13b is similar.

[0023] In an elevator apparatus of this kind, an ap-
proach angle of the main ropes 11 and 12 onto the drive
sheave 8 is maximized in the main rope positioned fur-
thest outside on the deflection pulleys 15 through 18. In
regard to this, because the main rope group 10 is divided
into first and second main ropes 11 and 12 in this exam-
ple, the number of main ropes that are wound around
each of the deflection pulleys 15 through 18 is halved (or
approximately halved). Consequently, the approach an-
gle onto the drive sheave 8 of the main rope positioned
furthest outside on the deflection pulleys 15 through 18
can be reduced. In other words, the distance between
the drive sheave 8 and the deflection pulleys 15 through
18 can be reduced.

[0024] Thus, the driving machine 6 can be disposed in
the vicinity of the center of the machine room 5, and in-
terference with wall portions of the machine room 5 is
avoided even if the diameter of the motor of the driving
machine 6 is increased, makingitunnecessary to expand
the space of the machine room 5. In other words, addi-
tional reductions in the thickness of the driving machine
6 can be achieved.

[0025] Since the wind-around range R1 of the first
main ropes 11 and the wind-around range R2 of the sec-
ond main ropes 12 on the drive sheave 8 are centrosym-
metric to each other relative to the rotating shaft of the
drive sheave 8, forces from the main ropes 11 and 12
acting radially on the drive sheave 8 cancel each other
out. Thus, strength in the rotating shaft, bearings, and a
frame body supporting the bearings, etc., of the drive
sheave 8 can be reduced, enabling reductions in overall
size and weight of the driving machine 6.

Embodiment 2

[0026] Next, Figure 3 is a front elevation showing an
elevator apparatus according to Embodiment 2 of the
present invention and Figure 4 is a plan showing the el-
evator apparatus in Figure 3. In this example, a driving
machine 6 and a deflection pulley group 14 are disposed
in an upper portion inside a hoistway 1. Specifically, the
driving machine 6 and deflection pulleys 15 through 18
are disposed between a car 2 and a ceiling 1a of the

10

15

20

25

30

35

40

45

50

55

hoistway 1 when the car 2 is stopped at an uppermost
floor, in other words, the elevator apparatus in this ex-
ample is a machine-roomless elevator.

[0027] The driving machine 6 is disposed such that a
drive sheave 8 is positioned above a driving machine
main body 7. The driving machine 6 is also disposed at
a height equal to that of the deflection pulleys 15 through
18. In addition, the driving machine 6 is disposed in a
vicinity of a center of the hoistway 1 when viewed from
above.

[0028] First and second rope connecting portions 2e
and 2f projecting outward in a width direction of the car
2 from first and second side surfaces 2c and 2d are dis-
posed on the car 2. First and second main ropes 11 and
12 are connected to the first and second rope connecting
portions 2e and 2f. The rest of the configuration is similar
to that of Embodiment 1.

[0029] Inan elevator apparatus of this kind, the driving
machine 6 can be disposed in the vicinity of the center
of the upper portion inside the hoistway 1. Consequently,
it is not necessary to expand the space of the hoistway
1 even if the diameter of the motor of the driving machine
6 is increased. The driving machine 6 can also be re-
duced further in thickness. Thus, increases in vertical
dimensions and horizontal dimensions of the hoistway 1
can be prevented.

[0030] Because the driving machine main body 7 is
disposed under the drive sheave 8, maintenance inspec-
tion work on the driving machine main body 7 can be
performed easily from on top of the car 2. In addition,
because the rope connecting portions 2e and 2f are dis-
posed on the car 2, the distance between the deflection
pulleys 15 and 17 and the drive sheave 8 can be in-
creased, enabling the approach angle of the main ropes
11 and 12 onto the drive sheave 8 to be reduced.

Embodiment 3

[0031] Next, Figure 5 is a plan showing an elevator
apparatus according to Embodiment 3 of the present in-
vention. In this example, a second counterweight 4 is
disposed in a position that is closer to a back surface 2b
than a front surface 2a when viewed from above. Spe-
cifically, the first and second counterweights 3 and 4 are
disposed at identical positions in a depth direction of the
car 2 when viewed from above.

[0032] Thus, a wind-around range R1 of first main
ropes 11 and a wind-around range R2 of second main
ropes 12 on a drive sheave 8 are not centrosymmetric
to each other relative to a rotating shaft of the drive
sheave 8. However, the wind-around range R1 and the
wind-around range R2 overlap with each other only par-
tially in a circumferential direction on the drive sheave 8
(overlap range R3) . The overlap range R3 is less than
one quarter (1/4) of the wind-around range R1 or the
wind-around range R2. The rest of the configuration is
similar to that of Embodiments 1 or 2.

[0033] In an elevator apparatus of this kind, because
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the wind-around range R1 and the wind-around range
R2 do not overlap with each other in a large portion in
the circumferential direction of the drive sheave 8, forces
from the main ropes 11 and 12 acting radially on the drive
sheave 8 partially cancel each other out (in the large por-
tion). Thus, strength in the rotating shaft, the bearings,
and the frame body supporting the bearings, etc., of the
drive sheave 8 can be reduced, enabling reductions in
overall size and weight of the driving machine 6.

Embodiment 4

[0034] Next, Figure 6 is a plan showing an elevator
apparatus according to Embodiment 4 of the present in-
vention. In the figure, a car 2 and a counterweight 21 are
suspended by a main rope group 10 inside a hoistway
1. A back surface facing portion 21a that faces a back
surface 2b when positioned level with the car 2, and a
side surface facing portion 21b that faces a second side
surface 2d when positioned level with the car 2 are dis-
posed integrally on the counterweight 21. The side sur-
face facing portion 21b is at a right angle relative to the
back surface facing portion 21a. In other words, a hori-
zontal shape of the counterweight 21 is an L shape.
[0035] Hanging positions 22a and 22b of the counter-
weight 21 by first and second main ropes 11 and 12 are
separated from each other when viewed from above.
Specifically, the hanging position 22a of the counter-
weight 21 by the first main ropes 11 is disposed on the
back surface facing portion 21a, and the hanging position
of the counterweight 21 by the second main ropes 12 is
disposed on the side surface facing portion 21b.

[0036] A wind-around range R1 of first main ropes 11
and a wind-around range R2 of second main ropes 12
on a drive sheave 8 overlap with each other only partially
in a circumferential direction on the drive sheave 8 (over-
lap range R3). The overlap range R3 is less than one
half (1/2) of the wind-around range R1 or the wind-around
range R2. The rest of the configuration is similar to that
of Embodiments 1 or 2.

[0037] In an elevator apparatus of this kind, because
a shared counterweight 21 is suspended by the main
ropes 11 and 12, one counterweight 21 is sufficient, en-
abling the number of parts such as counterweight guide
rails, etc., to be reduced, and also enabling installation
work to be facilitated.

[0038] Because the wind-around range R1 and the
wind-around range R2 overlap with each other only par-
tially in the circumferential direction of the drive sheave
8, forces from the main ropes 11 and 12 acting radially
on the drive sheave 8 partially cancel each other out.
Thus, strength in the rotating shaft, the bearings, and the
frame body supporting the bearings, etc., of the drive
sheave 8 can be reduced, enabling reductions in overall
size and weight of the driving machine 6.

[0039] Moreover, in the above examples, an elevator
apparatus using a one-to-one (1:1) roping method is
shown, but the roping method is not limited thereto, and
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for example, the present invention can also be applied
to an elevator apparatus using a two-to-one (2:1) roping
method. For example, car suspension sheaves may also
be mounted to a car, a counterweight suspension sheave
mounted to a counterweight, main ropes wound around
the car suspension sheaves and the counterweight sus-
pension sheave, and end portions of the main ropes con-
nected to rope end connecting portions that are disposed
in an upper portion of a hoistway.

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 such that a rotating shaft of
the drive sheave is vertical;

amainrope group thatis wound around the drive
sheave;

a car that is suspended inside the hoistway by
the main rope group and raised and lowered in-
side the hoistway by a driving force from the driv-
ing machine;

first and second counterweights that are sus-
pended inside the hoistway by the main rope
group and raised and lowered inside the hoist-
way by the driving force from the driving ma-
chine; and

a deflection pulley group that is disposed in an
upper portion of the hoistway so as to direct the
main rope group from the drive sheave toward
the car, the first counterweight, and the second
counterweight,

characterized in that:

the main rope group includes a first main rope
that suspends the car and the first counter-
weight, and a second main rope that suspends
the car and the second counterweight;

the deflection pulley group includes a first car
deflection pulley that directs the first main rope
from the drive sheave toward the car, a first
counterweight deflection pulley that directs the
first main rope from the drive sheave toward the
first counterweight, a second car deflection pul-
ley that directs the second main rope from the
drive sheave toward the car, and a second coun-
terweight deflection pulley that directs the sec-
ond main rope from the drive sheave toward the
second counterweight; and

hanging positions of the car by the first and sec-
ond main ropes are separated from each other
when viewed from above.

2. An elevator apparatus comprising:
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a driving machine having a drive sheave, the
driving machine being disposed in an upper por-
tion of a hoistway such that a rotating shaft of
the drive sheave is vertical;

amain rope group thatis wound around the drive
sheave;

a car that is suspended inside the hoistway by
the main rope group and raised and lowered in-
side the hoistway by a driving force from the driv-
ing machine;

a counterweight that is suspended inside the
hoistway by the main rope group and raised and
lowered inside the hoistway by the driving force
from the driving machine; and

a deflection pulley group that is disposed in an
upper portion of the hoistway so as to direct the
main rope group from the drive sheave toward
the car and the counterweight,

characterized in that:

the main rope group includes a first main rope
and a second main rope;

the deflection pulley group includes a first car
deflection pulley that directs the first main rope
from the drive sheave toward the car, a first
counterweight deflection pulley that directs the
first main rope from the drive sheave toward the
counterweight, a second car deflection pulley
that directs the second main rope from the drive
sheave toward the car, and a second counter-
weight deflection pulley that directs the second
main rope from the drive sheave toward the
counterweight;

hanging positions of the car by the first and sec-
ond main ropes are separated from each other
when viewed from above; and

hanging positions of the counterweight by the
first and second main ropes are separated from
each other when viewed from above.

The elevator apparatus according to either Claim 1
or Claim 2, characterized in that a wind-around
range of the first main rope and a wind-around range
of the second main rope on the drive sheave are
centrosymmetric to each other relative to the rotating
shaft of the drive sheave.

The elevator apparatus according to either Claim 1
or Claim 2, characterized in that a wind-around
range of the first main rope and a wind-around range
of the second main rope on the drive sheave overlap
with each other only partially in a circumferential di-
rection on the drive sheave.

The elevator apparatus according to either Claim 1
or Claim 2, characterized in that the hanging posi-
tions of the car by the first and second main ropes
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are centrosymmetric to each other relative to a cent-
er of gravity of the car when viewed from above.

The elevator apparatus according to either Claim 1
or Claim 2, characterized in that the driving ma-
chine and the deflection pulley group are disposed
between the car and a ceiling of the hoistway when
the car is stopped at an uppermost floor.

The elevator apparatus according to Claim 2, char-
acterized in that:

the car has a front surface and a back surface
on opposite sides from each other, and first and
second side surfaces on opposite sides from
each other;

a back surface facing portion that faces the back
surface when positioned level with the car, and
a side surface facing portion that faces one of
the first and second side surfaces when posi-
tioned level with the car are disposed integrally
on the counterweight; and

a hanging position of the counterweight by the
first main rope is disposed on the back surface
facing portion, and a hanging position of the
counterweight by the second main rope is dis-
posed on the side surface facing portion.
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