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(54) ELEVATOR APPARATUS

(57) In an elevator apparatus, a car and first and sec-
ond counterweights are raised and lowered inside a
hoistway. A pair of car guide rails for guiding raising and
lowering of the car are installed inside the hoistway. The
car has mutually opposite first and second side surface
portions. The car guide rails are installed so as to face

the first and second side surface portions. The first and
second counterweights are disposed in front of the car
guide rails relative to a depth direction of the car. A first
hoisting machine is disposed directly above the first
counterweight. A second hoisting machine is disposed
directly above the second counterweight.
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Description
TECHNICAL FIELD

[0001] The present invention relates to a traction-
drive-type elevator apparatus in which a car and a coun-
terweight suspended inside a hoistway by a main rope
are raised and lowered by a driving apparatus.

BACKGROUND ART

[0002] In conventional elevator apparatuses such as
that shown in Japanese Patent Laid-Open No. HEI
11-310372 (Gazette), for example, two counterweights
are disposed on both sides of a car. These counter-
weights and the car are suspended inside a hoistway
using a one-to-one (1:1) roping method, and are raised
and lowered by two drive mechanisms.

[0003] However, in the above conventional elevator
apparatuses, since the two counterweights are disposed
behind car guide rails, when applied to observation ele-
vators, it has not been possible to ensure a sufficient field
of view behind the car if the counterweights are to be
hidden from passengers inside the car. Consequently,
an efficient arrangement of the counterweights that uses
the space inside the hoistway more effectively has been
sought.

DISCLOSURE OF THE INVENTION

[0004] The present invention aims to solve the above
problems and an object of the present invention is to pro-
vide an elevator apparatus enabling counterweights to
be arranged more efficiently by using space inside a
hoistway more effectively.

[0005] In orderto achieve the above object, according
to one aspect of the present invention, there is provided
an elevator apparatus including: a car having mutually
opposite first and second side surface portions, the car
being raised and lowered inside a hoistway; a pair of car
guide rails installed inside the hoistway so as to face the
first and second side surface portions, the car guide rails
guiding raising and lowering of the car; a first counter-
weightdisposed so as to face the first side surface portion
in a plane projected vertically, the first counterweight be-
ing disposed in front of the car guide rail relative to a
depth direction of the car, and the first counterweight be-
ing raised and lowered inside the hoistway; a second
counterweight disposed so as to face the second side
surface portion in a plane projected vertically, the second
counterweight being disposed in front of the car guide
rail relative to a depth direction of the car, and the second
counterweight being raised and lowered inside the hoist-
way; a main rope group for suspending the car, the first
counterweight, and the second counterweight inside the
hoistway; and a driving apparatus having a drive sheave
onto which the main rope group is wound, the driving
apparatus being disposed directly above at least one of
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the first and second counterweights, and the driving ap-
paratus raising and lowering the car, the first counter-
weight, and the second counterweight.

BRIEF DESCRIPTION OF THE DRAWINGS
[0006]

Figure 1 is a plan showing an elevator apparatus
according to Embodiment 1 of the present invention;
Figure 2 is a plan showing Figure 1 with a driving
apparatus removed;

Figure 3 is a right side elevation showing part of Fig-
ure 1;

Figure 4 is a plan showing an elevator apparatus
according to Embodiment 2 of the present invention;
Figure 5 is a side elevation showing part of Figure 4;
Figure 6 is a front elevation showing a driving appa-
ratus of an elevator apparatus according to Embod-
iment 3 of the present invention;

Figure 7 is a plan showing an elevator apparatus
according to Embodiment 4 of the present invention;
Figure 8 is a plan showing Figure 7 with a driving
apparatus and a return sheave removed;

Figure 9 is a front elevation showing a counterweight
from Figure 7; and

Figure 10 is a cross section showing part of an ele-
vator apparatus according to Embodiment 5 of the
present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

[0007] Preferred embodiments of the present inven-
tion will now be explained with reference to the drawings.

Embodiment 1

[0008] Figure 1is a plan showing an elevator appara-
tus according to Embodiment 1 of the present invention,
and Figure 2 is a plan showing Figure 1 with a driving
apparatus removed.

[0009] In the figures, a pair of car guide rails 2, a pair
of first counterweight guide rails 3, and a pair of second
counterweight guide rails 4 are installed inside a hoistway
1. A car 5 is raised and lowered inside the hoistway 1
alongthe carguiderails 2. Afirstcounterweight 6 is raised
and lowered inside the hoistway along the first counter-
weight guide rails 3. A second counterweight 7 is raised
and lowered inside the hoistway 1 along the second coun-
terweight guide rails 4.

[0010] The car guide rails 2 are disposed such that an
imaginary straight line connecting them extends parallel
to a direction of frontage of the car 5 in a plane projected
vertically. The first counterweight guide rails 3 are dis-
posed such that an imaginary straight line connecting
them extends parallel to a depth direction of the car 5.
The second counterweight guide rails 4 are disposed
such that an imaginary straight line connecting them ex-
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tends parallel to a depth direction of the car 5.

[0011] The car 5 has: mutually opposite first and sec-
ond side surface portions 5a and 5b; a front surface por-
tion 5¢ in which a car entrance 5e is disposed; and a back
surface portion 5d opposite the front surface portion 5c.
The car guide rails 2 are installed inside the hoistway 1
so as to face the first and second side surface portions
5a and 5b, respectively. The car entrance 5e is opened
and closed by a pair of car doors 5f.

[0012] The first counterweight 6 is disposed so as to
face the first side surface portion 5a in a plane projected
vertically. The first counterweight 6 is disposed between
the first side surface portion 5a and a hoistway wall 1a
opposite the first side surface portion 5a.

[0013] The second counterweight 7 is disposed so as
to face the second side surface portion 5b in a plane
projected vertically. The second counterweight 7 is dis-
posed between the second side surface portion 5b and
a hoistway wall 1b opposite the second side surface por-
tion 5b.

[0014] The first and second counterweights 6 and 7
are disposed in front of the car guide rails 2 and behind
the front surface portion 5c in a depth direction of the car
5.

[0015] A driving apparatus 8 for raising and lowering
the car 5 and the first and second counterweights 6 and
7 is disposed in an upper portion inside the hoistway 1.
Motors are mounted internally in the driving apparatus
8. The driving apparatus 8 includes: a first hoisting ma-
chine 9 disposed directly above the first counterweight
6; and a second hoisting machine 10 disposed directly
above the second counterweight 7.

[0016] The first and second hoisting machines 9 and
10 are disposed so as to overlap with the first and second
counterweights 6 and 7 and not to overlap with the car 5
in a plane projected vertically. The first hoisting machine
9includes a motor and afirstdrive sheave 11. The second
hoisting.machine 10 includes a motor and a second drive
sheave 12.

[0017] A thin hoisting machine having an axial dimen-
sion smaller than a motor diameter is used for each of
the hoisting machines 9 and 10. The hoisting machines
9 and 10 are disposed such that rotating shafts of the
drive sheave 11 and 12 extend horizontally.

[0018] A main rope group 13 is wound around the first
and second drive sheaves 11 and 12. The main rope
group 13 includes: a first main rope 14 wound around
the first drive sheave 11; and a second main rope 15
wound around the second drive sheave 12.

[0019] A first rope connecting portion 16 is disposed
on an edge portion of a lower portion of the car 5 near
the first side surface portion 5a. A second rope connect-
ing portion 17 is disposed on an edge portion of a lower
portion of the car 5 near the second side surface portion
5b.

[0020] A first end portion of the first main rope 14 is
connected to the first rope connecting portion 16, and a
second end portion of the first main rope 14 is connected
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to an upper portion of the first counterweight 6. A first
end portion of the second main rope 15 is connected to
the second rope connecting portion 17, and a second
end portion of the second main rope 15 is connected to
an upper portion of the second counterweight 7.

[0021] The car 5 and the first counterweight 6 are sus-
pended inside the hoistway 1 by the first main rope 14
using a one-to-one (1:1) ropingmethod. The car 5 and
the second counterweight 7 are suspended inside the
hoistway 1 by the second main rope 15 using a one-to-
one (1:1) roping method.

[0022] Animaginary straight line joining a point of sus-
pension of the car 5 by the first main rope 14 and a point
of suspension of the car 5 by the second main rope 15
passes through a center of gravity of the car 5 in a plane
projected vertically. In other words, the car 5 is suspend-
ed substantially at its center of gravity.

[0023] Openable and closable first and second inspec-
tion openings 18 and 19 are disposed on the first and
second side surface portions 5a and 5b, respectively, of
the car 5. The first and second hoisting machines 9 and
10 are disposed in positions enabling maintenance in-
spection frominside the car 5 through the firstand second
inspection openings 18 and 19, respectively. Specifically,
the first and second hoisting machines 9 and 10 are dis-
posed so as to face the first and second side surface
portions 5a and 5b when the car 5 is moved to an upper-
most portion inside the hoistway 1.

[0024] The car guide rails 2, the counterweight guide
rails 3 and 4, the counterweights 6 and 7, the driving
apparatus 8, and the main rope group 13 are disposed
with bilateral symmetry relative to a center line in a di-
rection of frontage of the car 5 in a plane projected ver-
tically.

[0025] Figure 3 is a right side elevation showing part
of Figure 1. A supporting platform 20 is fixed to an upper
portion of the car guide rails 2 and the first counterweight
guide rails 3. The first hoisting machine 9 is mounted
onto the supporting platform 20. The second hoisting ma-
chine 10 is also supported on a similar supporting plat-
form on an opposite side of the car 5.

[0026] A control apparatus (control board) 21 for con-
trolling operation of the driving apparatus 8 is disposed
above the first hoisting machine 9. In Figures 1 and 2,
depiction of the control apparatus 21 is omitted. The load
of the first hoisting machine 9 and the control apparatus
21 is supported by the car guide rails 2 and the first coun-
terweight guide rails 3 through the supporting platform
20.

[0027] The control apparatus 21 is disposed in a posi-
tion enabling maintenance inspection from inside the car
5 through the first inspection opening 18. Specifically,
the control apparatus 21 is disposed so as to face the
first side surface portion 5a when the car 5 is moved to
an uppermost portion inside the hoistway 1.

[0028] Operating modes of the first and second hoist-
ing machines 9 and 10 by the control apparatus 21 in-
clude: a first mode in which a driving force is generated
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in both of the first and second hoisting machines 9 and
10; and a second mode in which a driving force from is
generated only in the first hoisting machine 9. In the sec-
ond mode, a brake on the second hoisting machine 10
is released, and the second drive sheave 12 idles.
[0029] The operating modes of the control apparatus
21 are switched so as to correspond to loads inside the
car 5. The first mode may be used during a state of no
load or full load, for example, since the difference in load
between the car 5 and the first and second counter-
weights 6 and 7 is great. The second mode may be used
during a state of half load, since the difference in load
between the car 5 and the first and second counter-
weights 6 and 7 is small.

[0030] In an elevator apparatus of this kind, since a
counterweight is divided into first and second counter-
weights 6 and 7 and disposed in a narrow space in front’
of the car guide rails 2, space inside the hoistway 1 can
be used more effectively to dispose the counterweights
6 and 7 more efficiently. Since the counterweights 6 and
7 are not visible from inside the car 5 even if portions of
the first and second side surface portions 5a and 5b be-
hind the car guide rails 2 are made transparent, a field
of view can be widened when applied to observation el-
evators.

[0031] Because two hoisting machines 9 and 10 are
used for the driving apparatus 8, the respective hoisting
machines 9 and 10 can be reduced in size enabling in-
stallation space to be reduced. Moreover, because thin
hoisting machines are used for the hoisting machines 9
and 10, the first and second hoisting machines 9 and 10
can be disposed between the first and second side sur-
face portions 5a and 5b and the hoistway walls 1a and
1b, enabling a vertical dimension of the hoistway 1 to be
reduced.

[0032] In addition, because the first and second hoist-
ing machines 9 and 10 are operated so as to be switched
between a first mode and a second mode so as to cor-
respond tothe loadsinside the car 5, power can be saved.
[0033] Because the control apparatus 21 is disposed
above the driving apparatus 8, space inside the hoistway
1 can be used more effectively, and maintenance inspec-
tion work on the driving apparatus 8 and the control ap-
paratus 21 can be performed at an identical location, en-
abling work efficiency to be improved.

[0034] Becausetheinspectionopenings 18 and 19 are
disposed in the first and second side surface portions 5a
and 5b, maintenance inspection work on the first and
second counterweights 6 and 7, the driving apparatus 8,
and the control apparatus 21 can be performed from in-
side the car 5, enabling work efficiency to be improved.
[0035] Moreover, operating modes of the control ap-
paratus 21 are not limited to the above first and second
modes.

[0036] The respective first and second main ropes 14
and 15 are not limited to a particular number of ropes.
[0037] In addition, in Embodiment 1, the load of the
driving apparatus 8 and the control apparatus 21 was
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borne by the guiderails 2, 3, and 4, but may also be borne
by a supporting beam fixed to a building, for example.
[0038] In Embodiment 1, two counterweights were
used, but it is also possible to use three or more coun-
terweights.

Embodiment 2

[0039] Next, Figure 4 is a plan showing an elevator
apparatus according to Embodiment 2 of the present in-
vention, and Figure 5 is a side elevation showing part of
Figure 4.

[0040] In the figures, first and second guide ropes 22
and 23 for guiding raising and lowering of firstand second
counterweights 6 and 7 are installed inside a hoistway
1. The first and second guide ropes 22 and 23 are dis-
posed under tensioninside the hoistway 1 so as to extend
in a raising and lowering direction of the first and second
counterweights 6 and 7, in other words, in a vertical di-
rection. Upper end portions of the first and second guide
ropes 22 and 23 are connected to a supporting platform
20. Lower end portions of the first and second guide ropes
22 and 23 are connected to a lower portion inside the
hoistway 1. A tension imparting means (not shown) for
imparting tension to the guide ropes 22 and 23 is dis-
posed in a lower portion inside the hoistway 1.

[0041] Guiding apertures through which the first and
second guide ropes 22 and 23 pass are disposed in the
first and second counterweights 6 and 7. Only one each
of the respective first and second counterweight guide
rails 3and 4 is used. Therest of the configuration is similar
to that of Embodiment 1.

[0042] In an elevator apparatus of this kind, because
firstand second guide ropes 22 and 23 are used, a portion
of the counterweight guide rails 3 and 4 can be eliminat-
ed. Since the counterweight guide rails 3 and 4 are con-
figured by joining together a plurality of rails in a vertical
direction, if a portion of the counterweight guide rails 3
and 4 can be eliminated, the number of parts can be
reduced and the time spent on installation can also be
reduced significantly, enabling costs to be reduced.
[0043] By eliminating a portion of the counterweight
guide rails 3 and 4, overall installation space for the ele-
vator apparatus can also be reduced.

Embodiment 3

[0044] Next, Figure 6 is a front elevation showing a
driving apparatus of an elevator apparatus according to
Embodiment 3 of the present invention. In the figure, a
plurality of main ropes 14 are wound around a first drive
sheave 11. Each of the main ropes 14 is configured by
twisting a plurality of strands together. The plurality of
main ropes 14 wound around the first drive sheave 11
have directions of lay (twisting) of the strands that differ
from each other. The rest of the configuration is similar
to that of Embodiment 2, and a plurality of main ropes 15
having directions of lay (twisting) of the strands that differ
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from each other are also wound around the second drive
sheave 12.

[0045] Thus, by constituting the main ropes 14 and 15
suspending each of the counterweights 6 and 7 by a com-
bination of two types of wire rope having mutually-differ-
ent directions of lay, rotational torque making the main
ropes 14 and 15 themselves rotate is cancelled out, and
even if the raising and lowering of the counterweights 6
and 7 is guided by the guide ropes 22 and 23, swinging
of the counterweights 6 and 7 is suppressed, enabling
the counterweights 6 and 7 to be raised and lowered
stably.

[0046] Moreover, it is preferable to make the number
of wire ropes having a left lay and the number of wire
ropes having arightlay equal in number in the main ropes
suspending a single counterweight.

Embodiment 4

[0047] Next, Figure 7 is a plan showing an elevator
apparatus according to Embodiment 4 of the present in-
vention, Figure 8 is a plan showing Figure 7 with a driving
apparatus and a return sheave removed, and Figure 9
is a front elevation showing a counterweight from Figure
7.

[0048] In the figures, a first counterweight 6 is guided
so as to be raised and lowered inside a hoistway 1 by a
plurality of first guide ropes 22 (in this case two) disposed
under tension inside the hoistway 1. A pair of guiding
grooves 6ainto which the first guide ropes 22 are inserted
are disposed in first and second end portions in a width
direction of the first counterweight 6.

[0049] A second counterweight 7 is guided so as to be
raised and lowered inside the hoistway 1 by a plurality
of second guide ropes 23 (in this case two) disposed
under tension inside the hoistway 1. A pair of guiding
grooves 7a into which the second guide ropes 23 are
inserted are disposed in first and second end portions in
a width direction of the second counterweight 7.

[0050] A plurality of stoppers 24 for restricting horizon-
tal swinging of the first and second counterweights 6 and
7 by engaging the first and second counterweights 6 and
7 are installed inside the hoistway 1. The stoppers 24 are
each constituted by a rigid body made of a metal, etc.,
for example, and are fixed to hoistway walls 1a and 1b
by means of mounting members such as brackets, etc.
[0051] Leading end portions of the stoppers 24 are in-
serted inside the guiding grooves 6a and 7a. Normally,
clearance is disposed between the stoppers 24 and the
guiding grooves 6a and 7a, permitting swinging of the
counterweights 6 and 7 within a range of the clearance.
The stoppers 24, as shown in Figure 9, are disposed at
a distance from each other in a vertical direction.
[0052] Arotatable return sheave 25 is installed directly
above the second counterweight 7. A second main rope
15 is wound around the return sheave 25. In other words,
in Embodiment 1, two hoisting machines 9 and 10 were
used, but in Embodiment 4, only one hoisting machine 9
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is used. The rest of the configuration is similar to that of
Embodiment 1.

[0053] In an elevator apparatus of this kind, because
the raising and lowering of the counterweights 6 and 7
is guided only by the guide ropes 22 and 23 without using
counterweight guide rails, time spent on installation can
be reduced significantly and costs can be reduced.
[0054] Because stoppers 24 are used, even if a build-
ing is shaken by an earthquake, etc., horizontal swinging
of the counterweights 6 and 7 can be restricted, and the
counterweights 6 and 7 can be prevented from colliding
with the car 5 or hoistway equipment, etc.

[0055] In addition, since there need only be a certain
amount of clearance between the stoppers 24 and the
counterweights 6 and 7, and it is also not necessary for
the stoppers 24 to be disposed continuously over an en-
tire hoisting zone of the counterweights 6 and 7, the stop-
pers 24 can be configured more inexpensively than coun-
terweight guide rails.

[0056] Because the driving apparatus 8 is configured
by a single hoisting machine 9, and only a return sheave
25 is disposed near the second counterweight 7, costs
can be reduced and control can be simplified.

Embodiment 5

[0057] Next, Figure 10 is a cross section showing part
of an elevator apparatus according to Embodiment 5 of
the presentinvention. In this example, a plurality of guide
ropes 22 (in this case six) are disposed under tension so
as to surround a counterweight 6. In other words, the
guide ropes 22 are disposed not only on first and second
end portions in a width direction of the counterweight 6,
but also on first and second sides in a thickness direction
(on a side near a car 5 and on an opposite side from the
car 5). Upper end portions of the guide ropes 22 are con-
nected to a supporting platform fixed to car guide rails,
or to a supporting beam fixed to a building, etc.

[0058] By surrounding the counterweight 6 with the
guide ropes 22 in this manner, horizontal swinging of the
counterweight 6 can be suppressed by a simple construc-
tion.

[0059] Moreover, in Embodiment5, guide ropes 22 are
disposed ontwo sides in athickness direction of the coun-
terweight 6, but the method of arrangement of the guide
ropes 22 is not limited to this. For example, the number
of guide ropes 22 on the opposite side from the car 5
may be fewer than those on the side near the car 5, or
the guide ropes 22 on the opposite side from the car 5
may also be eliminated.

Claims

1. An elevator apparatus comprising:

a car having mutually opposite first and second
side surface portions, the car being raised and
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lowered inside a hoistway;

a pair of car guide rails installed inside the hoist-
way so as to face the first and second side sur-
face portions, the car guide rails guiding raising
and lowering of the car;

a first counterweight disposed so as to face the
first side surface portion in a plane projected ver-
tically, the first counterweight being disposed in
front of the car guide rail relative to a depth di-
rection of the car, and the first counterweight
being raised and lowered inside the hoistway;
a second counterweight disposed so as to face
the second side surface portion in a plane pro-
jected vertically, the second counterweight be-
ing disposed in front of the car guide rail relative
to a depth direction of the car, and the second
counterweight being raised and lowered inside
the hoistway;

a main rope group for suspending the car, the
first counterweight, and the second counter-
weight inside the hoistway; and

a driving apparatus having a drive sheave onto
which the main rope group is wound, the driving
apparatus being disposed directly above atleast
one of the first and second counterweights, and
the driving apparatus raising and lowering the
car, the first counterweight, and the second
counterweight.

The elevator apparatus according to Claim 1, where-
in the first and second counterweights are disposed
behind a front surface portion of the car relative to a
depth direction of the car.

The elevator apparatus according to Claim 1, where-
in the driving apparatus is a thin hoisting machine
having an axial dimension smaller than a motor di-
ameter.

The elevator apparatus according to Claim 1, where-
in the driving apparatus comprises a first hoisting
machine disposed directly above the first counter-
weight, and a second hoisting machine disposed di-
rectly above the second counterweight.

The elevator apparatus according to Claim 4, where-
in the first and second hoisting machines are oper-
ated in response to a load inside the car so as to be
switched between a first mode in which a driving
force is generated in both of the first and second
hoisting machines, and a second mode in which a
driving force is generated in only one of the first and
second hoisting machines.

The elevator apparatus according to Claim 1, further
comprising a control apparatus installed on an upper
portion of the driving apparatus, the control appara-
tus controlling operation of the driving apparatus.
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7.

10.

The elevator apparatus according to Claim 1, where-
in an openable and closable inspection opening is
disposed in at least one of the first and second side
surface portions, and the driving apparatus is dis-
posed at a position enabling maintenance inspection
from inside the car through the inspection opening.

The elevator apparatus according to Claim 1, further
comprising first and second guide ropes disposed
under tension inside the hoistway, the first and sec-
ond guide ropes guiding raising and lowering of the
first and second counterweights, respectively.

The elevator apparatus according to Claim 8, where-
in the main rope group includes a first main rope for
suspending the first counterweight, and a second
main rope for suspending the second counterweight,
the first and second main ropes each including two
types of wire rope having mutually-different direc-
tions of lay.

The elevator apparatus according to Claim 8, further
comprising stoppers fixed inside the hoistway, the
stoppers engaging with the first and second coun-
terweights to restrict horizontal displacement of the
first and second counterweights.
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