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(54) ELEVATOR DEVICE

(57) In an elevator apparatus, a driving machine is
disposed in an upper portion inside a hoistway such that
a rotating shaft of a drive sheave is vertical. A car sus-
pension portion that is connected to a main rope is dis-

posed on an upper portion of the car. A car return sheave
for directing the main rope to the car suspension portion
is disposed in an upper portion of the hoistway. The drive
sheave and the car return sheave are disposed inside a
region of the car when viewed from above.
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Description
TECHNICAL FIELD

[0001] The presentinvention relates to an elevator ap-
paratus in which a driving machine is disposed in an up-
per portion inside a hoistway.

BACKGROUND ART

[0002] In conventional elevator apparatuses, first and
second rope connecting portions are disposed on lower
portions of two sides of a car. A driving machine that
raises and lowers the car is disposed in an upper portion
inside the hoistway. A main rope group that is wound
around a drive sheave of the driving machine includes:
a first main rope that is connected to the first rope con-
necting portion; and a second rope that is connected to
the second rope connecting portion (see Patent Docu-
ment 1, for example).

[0003] Patent Document 1: WO 03/074409

DISCLOSURE OF THE INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION

[0004] In conventional elevator apparatuses such as
that described above, because the first and second rope
connecting portions are disposed on lower portions of
the side surfaces of the car, it has been difficult to ensure
space for performing replacement work on the main
ropes, etc., inside narrow hoistways. Since the first and
second rope connecting portions are disposed on alower
frame of the car, compressive load also acts on the car
frame, requiring reinforcing materials such as diagonal
members, etc., between the lower frame and a vertical
frame of the car frame.

[0005] The present invention aims to solve the above
problems and an object of the present invention is to pro-
vide an elevator apparatus that can ensure space for
replacement work on main ropes simply, and that also
enables construction of a car frame to be simplified.

MEANS FOR SOLVING THE PROBLEM

[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 that
has a drive sheave, and that is disposed in an upper
portion of a hoistway such that a rotating shaft of the drive
sheave s vertical; a carthat has a car suspension portion,
and that is raised and lowered by a driving force from the
driving machine; a counterweight that has a counter-
weight suspension portion, and thatis raised and lowered
by a driving force from the driving machine; a main rope
that has a car end portion connected to the car suspen-
sion portion, and a counterweight end portion connected
to the counterweight suspension portion, and that is
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wound around the drive sheave; a car return sheave that
is disposed in an upper portion of the hoistway, and that
directs the main rope toward the car suspension portion;
and a counterweight return sheave that is disposed in an
upper portion of the hoistway, and that directs the main
rope toward the counterweight suspension portion,
wherein the car suspension portion is disposed on an
upper portion of the car, and the drive sheave and the
car return sheave are disposed inside a region of the car
when viewed from above.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007]

Figure 1 is a plan that shows an elevator apparatus
according to Embodiment 1 of the present invention;
Figure 2 is a front elevation that shows a state in
which a car from Figure 1 has stopped at an upper-
most floor;

Figure 3 is an explanatory diagram that shows posi-
tional relationships between a driving machine and
return sheaves from Figure 2;

Figure 4 is a front elevation that shows an elevator
apparatus according to Embodiment 2 of the present
invention;

Figure 5 is an explanatory diagram that shows a po-
sitional relationship between a driving machine and
a second car return sheave from Figure 4;

Figure 6 is an explanatory diagram that shows posi-
tional relationships among the driving machine, a
first car return sheave, and an inverting sheave from
Figure 4;

Figure 7 is a plan that shows an elevator apparatus
according to Embodiment 3 of the present invention;
Figure 8 is a plan that shows an elevator apparatus
according to Embodiment 4 of the present invention;
and

Figure 9 is a plan that shows an elevator apparatus
according to Embodiment 5 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 plan that shows an elevator appa-
ratus (a machine-rcomless elevator) according to Em-
bodiment 1 of the present invention, and Figure 2 is a
front elevation that shows a state in which a car from
Figure 1 has stopped atan uppermost floor. In the figures,
first and second car guide rails 2 and 3 and first and
second counterweight guide rails 4 and 5 are installed
inside a hoistway 1. A car 6 is guided by the car guide
rails 2 and 3 so as to be raised and lowered inside the
hoistway 1. A counterweight 7 is guided by the counter-
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weight guide rails 4 and 5 so as to be raised and lowered
inside the hoistway 1.

[0010] The car 6 has: a front surface 6a in which a car
entrance is disposed; a back surface 6b that is opposite
the front surface 6a; and first and second side surfaces
6¢c and 6d that are opposite each other. The counter-
weight 7 is disposed beside the car 6 so as to face the
second side surface 6d when positioned at equal height
with the car 6.

[0011] The first car guide rail 2 is opposite the first side
surface 6¢. The second car guide rail 3 is opposite the
second side surface 6d. The first and second car guide
rails 2 and 3 are offset from each other in a depth direction
of the car 6. Specifically, the first car guide rail 2 is dis-
posed further rearward than center in the depth direction
of the car 6, and the second car guide rail 3 is disposed
further forward than center in the depth direction of the
car 6. The first and second car guide rails 2 and 3 are
disposed symmetrically relative to a center of gravity C
of the car 6 when viewed from above.

[0012] In addition, the first and second car guide rails
2 and 3 are disposed such that center lines in horizontal
cross sections thereof are parallel to a width direction of
the car 6. The first and second counterweight guide rails
4 and 5 are disposed such that center lines in horizontal
cross sections thereof are parallel to the depth direction
of the car 6.

[0013] A supporting frame (not shown) is supported by
upper portions of the car guide rails 2 and 3 and the coun-
terweight guide rails 4 and 5. A driving machine 13 that
raises and lowers the car 6 and the counterweight 7 is
supported by the supporting frame. The driving machine
13 has: a driving machine main body 14 that includes a
motor and a brake; and a drive sheave 15 that is rotated
by the driving machine main body 14. A thin hoisting ma-
chineinwhich an axial dimensionisless than a dimension
that is perpendicular to an axial direction is used for the
driving machine 13.

[0014] The driving machine 13 is disposed in an upper
portion inside the hoistway 1 such that a rotating shaft of
the drive sheave 15 is vertical (including approximately
vertical). In addition, the driving machine 13 is disposed
such that the drive sheave 15 is positioned above the
driving machine main body 14. The drive sheave 15 is
disposed inside a region of the car 6 when viewed from
above. In this example, the whole driving machine 13 is
disposed inside the region of the car 6 when viewed from
above.

[0015] A plurality of main ropes are wound around the
drive sheave 15. The main ropes include a plurality of
first main ropes 16 and a plurality of second main ropes
17. The car 6 and the counterweight 7 are suspended
inside the hoistway 1 by the first and second main ropes
16 and 17 using a one-to-one (1:1) roping method.
[0016] A first car suspension portion 6e that is con-
nected to the first main ropes 16 and a second car sus-
pension portion 6f that is connected to the second main
ropes 17 are disposed on the upper portion of the car 6.
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The first and second car suspension portions 6e and 6f
are disposed so as to be spaced apart from each other
in the width direction and the depth direction of the car 6.
[0017] A counterweight suspension portion 7a that is
connected to the first and second main ropes 16 and 17
is disposed on an upper portion of the counterweight 7.
The counterweight suspension portion 7a is disposed on
a central portion in a width direction of the counterweight
7.

[0018] The first main ropes 16 have: first car end por-
tions that are connected to the first car suspension portion
6e; and first counterweight end portions that are connect-
ed to the counterweight suspension portion 7a. The sec-
ond main ropes 17 have: second car end portions that
are connected to the second car suspension portion 6f;
and second counterweight end portions that are connect-
ed to the counterweight suspension portion 7a.

[0019] A first car return sheave 18 that directs the first
main ropes 16 toward the first car suspension portion 6e;
a second car return sheave 19 that directs the second
main ropes 17 toward the second car suspension portion
6f; first and second counterweight return sheaves 20 and
21 that direct the first and second main ropes 16 and 17
toward the counterweight suspension portion 7a; and an
inverting sheave 22 that directs the first main ropes 16
from the drive sheave 15 toward the first car return
sheave 18 are disposed in an upper portion inside the
hoistway 1.

[0020] The first and second car return sheaves 18 and
19 are supported by the supporting frame such that ro-
tating shafts thereof are horizontal. The first and second
counterweight return sheaves 20 and 21 are supported
by the supporting frame such that rotating shafts thereof
are horizontal. The inverting sheave 22 is supported by
the supporting frame such that a rotating shaft thereof is
vertical or approximately vertical. The first and second
car return sheaves 18 and 19 and the inverting sheave
22 are disposed inside the region of the car 6 when
viewed from above.

[0021] The first and second car suspension portions
6e and 6f are disposed at positions that are equidistant
from the center of gravity of the car 6 when viewed from
above. The first and second car suspension portions 6e
and 6f and the center of gravity of the car 6 are disposed
in a straightline when viewed from above. In other words,
the first and second car suspension portions 6e and 6f
are disposed symmetrically relative to the center of grav-
ity of the car 6 when viewed from above.

[0022] In an elevator apparatus of this kind, since the
first and second car suspension portions 6e and 6f are
disposed on an upper portion of the car 6, space for re-
placement work on the main ropes 16 and 17 can be
ensured easily and construction of the car frame can be
simplified.

[0023] Since the drive sheave 15, the first and second
car return sheaves 18 and 19, and the inverting sheave
22 are disposed inside the region of the car 6 when
viewed from above, horizontal area of the hoistway 1 can
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be reduced.

[0024] In addition, because the car 6 is suspended us-
ing one-to-one (1:1) roping, the configuration can be sim-
plified and the rotational speed of the driving machine 13
can also be kept low. Thus, a quiet elevator apparatus
can be provided that has low vibration and low noise even
if the driving machine 13 is disposed inside the hoistway
1.

The car 4 can also be suspended at its center of gravity
stably, preventing reaction forces that result from unbal-
anced loads from acting on the car guide rails 2 and 3,
and enabling riding comfort to be improved.

[0025] Now, Figure 3 is an explanatory diagram that
shows positional relationships between the driving ma-
chine 13 and the return sheaves 18 through 21 from Fig-
ure 2. In a configuration according to Embodiment 1, in
order to minimize an overhead dimension HO which is a
dimension from an uppermost floor surface to a top por-
tion of the hoistway 1 (see Figure 2), it is naturally impor-
tant to reduce a thickness dimension of the driving ma-
chine 13 and diameters of the return sheaves 18 through
21, but positional relationships between the driving ma-
chine 13 and the return sheaves 18 through 21 are also
important.

[0026] Specifically, the overhead dimension HO can be
minimized by disposing the drive sheave 15 above the
driving machine main body 14 and arranging an upper
end surface of the drive sheave 15 and upper ends of
the return sheaves 18 through 21 so as to be at equal
height, as shown in Figure 3.

Embodiment 2

[0027] Next, Figure 4 is a front elevation that shows
an elevator apparatus according to Embodiment 2 of the
present invention, Figure 5 is an explanatory diagram
that shows a positional relationship between a driving
machine 13 and a second car return sheave 19 from Fig-
ure 4, and Figure 6 is an explanatory diagram that shows
positional relationships among the driving machine 13,
a first car return sheave 18, and an inverting sheave 22
from Figure 4.

[0028] In this example, the driving machine 13 and the
second car return sheave 19 are disposed such that an
apex TO of a pitch diameter of the second car return
sheave 19 (the diameter of main ropes 17 when wound
onto the return sheave 19) and a center C1 of all grooves
of a drive sheave 15 into which the second main ropes
17 are wound are positioned at equal height.

[0029] Thus, the fleet angles of the second main ropes
17 relative to the drive sheave 15 (the approach angles
of the main ropes 17 relative to a surface of the drive
sheave 15 that includes the grooves) can be minimized.
The fleet angles can also be made equal to each other
if two second main ropes 17 are used.

[0030] The first car return sheave 18 is also disposed
so as to be at equal height with the second car return
sheave 19. The rotating shaft of the inverting sheave 22
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is inclined relative to a vertical line so as to minimize the
fleet angles of the first main ropes 16 that enter the drive
sheave 15 from the inverting sheave 22.

[0031] By minimizing the fleet angles in this manner,
abrasion of the main ropes 16 and 17 and the drive
sheave 15 are suppressed, enabling extension of service
life.

Embodiment 3

[0032] Next, Figure 7 is a plan that shows an elevator
apparatus according to Embodiment 3 of the present in-
vention. In this example, a counterweight 7 is disposed
behind a car 6 so as to face a back surface 6b when
positioned at equal height with the car 6.

Similar effects to those in Embodiment 1 can also be
achieved in a layout in which the counterweight 7 is dis-
posed behind the car 6 in this manner.

Embodiment 4

[0033] Next, Figure 8 is a plan that shows an elevator
apparatus according to Embodiment 4 of the present in-
vention. In the figure, a plurality of main ropes 31 are
wound around a drive sheave 15. A car suspension por-
tion 6g that is connected to the main ropes 31 is disposed
on an upper portion of a car 6. The car suspension portion
69 overlaps approximately with a center of gravity of the
car 6 when viewed from above.

[0034] A car return sheave 32 that directs the main
ropes 31 toward the car suspension portion 6g and a
counterweight return sheave 33 that directs the main
ropes 31 toward a counterweight suspension portion 7a
are disposed in an upper portion of a hoistway 1. A coun-
terweight 7 is disposed beside the car 6. A driving ma-
chine 13 is disposed above a corner portion of the car 6
thatis formed by a back surface 6b and afirst side surface
6¢.

[0035] In a layout in which the main ropes 31 are not
distributed between two pathways in this manner, space
for replacement work on the main ropes 16 and 17 can
also be ensured easily and construction of a car frame
can also be simplified since the car suspension portion
64 is disposed on the upper portion of the car 6.
Horizontal area of the hoistway 1 can also be reduced
since the drive sheave 15 and the car return sheave 32
are disposed inside a region of the car 6 when viewed
from above.

[0036] In addition, because the car 6 is suspended us-
ing one-to-one (1: 1) roping, the configuration can be
simplified and the rotational speed of the driving machine
13 can also be kept low. Thus, a quiet elevator apparatus
can be provided that has low vibration and low noise even
if the driving machine 13 is disposed inside the hoistway
1.
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Embodiment 5

[0037] Next, Figure 9 is a plan that shows an elevator
apparatus according to Embodiment 5 of the present in-
vention. In this example, a counterweight 7 is disposed
behind a car 6 so as to face a back surface 6b when
positioned at equal height with the car 6. A driving ma-
chine 13 is disposed above a corner portion of the car 6
that is formed by a front surface 6a and afirst side surface
6¢.

Similar effects to those in Embodiment 4 can also be
achieved in a layout in which the counterweight 7 is dis-
posed behind the car 6 in this manner.

[0038] Moreover, there may also be three or more car
suspension portions. In other words, a third car suspen-
sion portion, fourth car suspension portion, etc., may also
be disposed.

The main ropes may be normal ropes that have a circular
cross section, or may also be belt-shaped ropes.

In addition, the counterweight may also be disposed so
as to be divided into a plurality of parts.

Ashared car may also be raised and lowered by a plurality
of driving machines. In that case, similar effects to those
in the above embodiments above can also be achieved
by disposing all drive sheaves and car return sheaves
inside the region of a car when viewed from above and
disposing a car suspension portion on an upper portion
of the car.

Claims
1. An elevator apparatus comprising:

a driving machine that has a drive sheave, and
thatis disposed in an upper portion of a hoistway
such that a rotating shaft of the drive sheave is
vertical;

a car that has a car suspension portion, and that
is raised and lowered by a driving force from the
driving machine;

a counterweight that has a counterweight sus-
pension portion, and that is raised and lowered
by a driving force from the driving machine;
amainrope that has a car end portion connected
to the car suspension portion, and a counter-
weight end portion connected to the counter-
weight suspension portion, and that is wound
around the drive sheave;

a car return sheave that is disposed in an upper
portion of the hoistway, and that directs the main
rope toward the car suspension portion; and

a counterweight return sheave that is disposed
in an upper portion of the hoistway, and that di-
rects the main rope toward the counterweight
suspension portion, wherein

the car suspension portion is disposed on an
upper portion of the car, and
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the drive sheave and the car return sheave are
disposed inside a region of the car when viewed
from above.

The elevator apparatus according to Claim 1, where-
in

the car suspension portion includes first and second
car suspension portions that are disposed on oppo-
site sides of a center of gravity of the car from each
other when viewed from above,

the main rope includes: a first main rope that is con-
nected to the first car suspension portion; and a sec-
ond main rope that is connected to the second car
suspension portion,

the car return sheave includes: a first car return
sheave that directs the first main rope toward the
first car suspension portion; and a second car return
sheave that directs the second main rope toward the
second car suspension portion, and

an inverting sheave that directs the first main rope
from the drive sheave toward the first car return
sheave is disposed in an upper portion of the hoist-
way.

The elevator apparatus according to Claim 2, where-
in the driving machine and the second car return
sheave are disposed such that an apex of a pitch
diameter of the second car return sheave and a cent-
er of all grooves of the drive sheave into which the
second main rope is wound are positioned at equal
height.

The elevator apparatus according to Claim 2, where-
in a rotating shaft of the inverting sheave is inclined
relative to a vertical line so as to minimize a fleet
angle of the first main rope that enters the drive
sheave from the inverting sheave.

The elevator apparatus according to Claim 1, where-
in an upper end surface of the drive sheave and an
upper end of the car return sheave and the counter-
weight return sheave are disposed at equal height.
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FIG. 5

FIG. 6
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