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(54) ELEVATOR DEVICE

(57) In an elevator apparatus, an upper car and a
lower car are raised and lowered in a common hoistway.
An upper car driving machine and a lower car driving
machine are disposed horizontally in an upper portion
inside the hoistway such that rotating shafts of drive
sheaves thereof extend vertically. The upper car, the
lower car, and a counterweight are suspended inside the
hoistway by a main rope body wound around the drive
sheaves.
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Description
TECHNICAL FIELD

[0001] The present invention relates to an elevator
apparatus in which a plurality of cars are raised and low-
ered inside a common hoistway.

BACKGROUND ART

[0002] Conventionally, an elevator apparatus is dis-
closed in Japanese Utility Model Laid-Open No. HEI
1-132660, for example, in which two cars are raised and
lowered inside different hoistways using a single coun-
terweight for the two cars. However, in this elevator ap-
paratus, a wide hoistway space is required in order to
dispose the two cars and the single counterweight hor-
izontally.

[0003] Furthermore, an elevator apparatus is dis-
closed in Japanese Patent Laid-Open No. SHO
59-153773, for example, in which two cars are disposed
vertically inside a common hoistway. However, in this
elevator apparatus, since an upper car is suspended by
1:1 roping, a lower car by 2:1 roping, and two counter-
weights are required, the construction of the apparatus
is complex.

[0004] In addition, since a rope passes through the
counterweight, installation of the rope is time-consum-
ing, and there is a possibility that the rope will interfere
with the counterweight due to swinging. Still further-
more, since the weight of the counterweight is reduced
by providing a penetrating aperture for the rope, external
dimensions of the counterweight must be increased to
compensate.

DISCLOSURE OF THE INVENTION

[0005] The presentinvention aims to solve the above
problems and an object of the present invention is to
provide an elevator apparatus enabling two cars to be
disposed inside a single hoistway efficiently and ena-
bling a compact overall construction.

[0006] According to one aspect of the present inven-
tion, there is provided an elevator apparatus including:
a hoistway; an upper car raised and lowered inside the
hoistway; a lower car disposed below the upper car, the
lower car being raised and lowered inside the hoistway
independently from the upper car; a counterweight
raised and lowered inside the hoistway; an upper car
driving machine for raising and lowering the upper car,
the upper car driving machine having an upper car drive
sheave and being disposed in an upper portion inside
the hoistway; a lower car driving machine for raising and
lowering the lower car, the lower car driving machine
having a lower car drive sheave and being disposed in
an upper portion inside the hoistway; and a main rope
body for suspending the upper car, the lower car, and
the counterweight, the main rope body being wound
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around the upper car drive sheave and the lower car
drive sheave.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007]

Figure 1 is a side elevation showing an elevator ap-
paratus according to Embodiment 1 of the present
invention;

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

Figure 3 is a side elevation showing part of Figure
1 enlarged;

Figure 4 is a plan showing part of Figure 3;

Figure 5 is a side elevation showing an upper por-
tion inside a hoistway from Figure 1 enlarged;
Figure 6 is a perspective showing a construction of
a main rope from Figure 1; and

Figure 7 is a plan showing an elevator apparatus
according to Embodiment 2 of the present inven-
tion.

BEST MODE FOR CARRYING OUT THE INVENTION

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

Embodiment 1

[0009] Figure 1 is a side elevation showing an eleva-
tor 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. An upper car 4 and a lower car 5 are each
guided by the car guide rails 2 so as to be independently
raised and lowered inside the hoistway 1. A counter-
weight 6 is guided by the counterweight guide rails 3 so
as to be raised and lowered inside the hoistway 1.
[0011] A support platform 7 is disposed in an upper
portion inside the hoistway 1. The support platform 7 is
supported by the car guide rails 2 and the counterweight
guide rails 3. An upper car driving machine 8 for raising
and lowering the upper car 4 and a lower car driving ma-
chine 9 for raising and lowering the lower car 5 are sup-
ported by the support platform 7. The upper car driving
machine 8 includes an upper car drive sheave 8a. The
lower car driving machine 9 includes a lower car drive
sheave 9a.

[0012] Moreover, the counterweight 6 is disposed be-
hind the upper car 4 and the lower car 5, and a center
line of the pair of counterweight guide rails 3 is parallel
to a straight line connecting centers of rotation of the
upper car drive sheave 8a and the lower car drive
sheave 9a.
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[0013] A main rope body 11 composed of a plurality
of main ropes 10 each made of a synthetic fiber rope is
wound around the upper car drive sheave 8a and the
lower car drive sheave 9a. The upper car 4, the lower
car 5, and the counterweight 6 are suspended inside the
hoistway 1 by the main rope body 11. The upper car
drive sheave 8a and the lower car drive sheave 9a are
disposed such that their respective positions in a height
direction are offset from each other in order to prevent
interference among portions of the main rope body 11.
[0014] An upper car deflection sheave 12, first and
second counterweight deflection sheaves 13 and 14,
first and second lower car deflection sheaves 15 and 16,
and a horizontal deflection sheave 17 are supported by
the support platform 7.

[0015] The upper car deflection sheave 12 directs the
main rope body 11 from the upper car drive sheave 8a
to the upper car 4. The first counterweight deflection
sheave 13 directs the main rope body 11 from the upper
car drive sheave 8a to the counterweight 6. The second
counterweight deflection sheave 14 directs the main
rope body 11 from the lower car drive sheave 9a to the
counterweight 6.

[0016] Atan intermediate point between the lower car
drive sheave 9a and the lower car 5, the main ropes 10
in the main rope body 11 are distributed in first and sec-
ond directions so as to pass along first and second sides
of the upper car 4. A first distributed portion of the main
rope body 11 is directed toward the lower car 5 by the
firstlower car deflection sheave 15. A second distributed
portion of the main rope body 11 is directed toward the
lower car 5 by the second lower car deflection sheave
16 and the horizontal deflection sheave 17.

[0017] A counterweight suspension sheave 18
around which the main rope body 11 is wound is dis-
posed on an upper portion of the counterweight 6.
[0018] A first end portion of the main rope body 11 is
connected to a central portion of an upper portion of the
upper car 4. The main rope body 11 is wound in se-
quence from the first end portion around the upper car
deflection sheave 12, the upper car drive sheave 8a, the
first counterweight deflection sheave 13, the counter-
weight suspension sheave 18, the second counter-
weight deflection sheave 14, and the lower car drive
sheave 9a and is then distributed in the first and second
directions. Second end portions of the first and second
distributed portions of main rope body 11 are connected
to lower portions of first and second sides of the lower
car 5, respectively.

[0019] Hence, the upper car 4 and the lower car 5 are
each suspended by a 1:1 roping method and the coun-
terweight 6 is suspended by a 2:1 roping method relative
to the upper car drive sheave 8a and the lower car drive
sheave 9a.

[0020] An interference detection switch 19 for detect-
ing interference with the upper car 4 and an inter-car
buffer 20 for buffering impact if the upper car 4 collides
are both mounted on upper portions of the lower car 5.
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A plurality of buffers 21 are installed in a pit (a bottom
portion) 1a in the hoistway 1 to buffer impact if the lower
car 5 collides into the pit 1a.

[0021] Furthermore, a standby space 1b for the lower
car 5 to stand by in is reserved in the pit 1a. A pair of
left and right compensating ropes 22 are suspended
from lower portions of the upper car 4, the lower car 5,
and the counterweight 6.

[0022] Figure 3is aside elevation showing part of Fig-
ure 1 enlarged, and Figure 4 is a plan showing part of
Figure 3. A pair of return sheaves 23 around which the
compensating ropes 22 are wound are disposed on a
lower portion of the counterweight 6. A pair of first upper
car tension sheaves 24, a pair of second upper car ten-
sion sheaves 25, a pair of first lower car tension sheaves
26, and a pair of second lower car tension sheaves 27
are disposed in the pit 1a.

[0023] First end portions of the compensating ropes
22 are connected to lower portions of the upper car 4,
and second end portions of the compensating ropes 22
are connected to lower portions of the lower car 5. Fur-
thermore, intermediate portions of the compensating
ropes 22 are wound in sequence around the first upper
car tension sheaves 24, the second upper car tension
sheaves 25, the return sheaves 23, the first lower car
tension sheaves 26, and the second lower car tension
sheaves 27.

[0024] A fixed cable hanger 28 is fixed inside the
hoistway 1. The fixed cable hanger 28 is fixed to the car
guide rails 2. Upper car and lower car cable hangers 29
and 30 are disposed on the upper car 4 and the lower
car 5, respectively. A flexible upper car control cable 31
is connected between the fixed cable hanger 28 and the
upper car cable hanger 29. A flexible lower car control
cable 32 is similarly connected between the fixed cable
hanger 28 and the lower car cable hanger 30.

[0025] Figure 5 is a side elevation showing an upper
portion inside the hoistway in Figure 1 enlarged. The up-
per car driving machine 8 is fixed to the support platform
7 by means of support brackets 33. A plurality of elastic
bodies 34 are interposed between the support brackets
33 and the upper car driving machine 8. The support
construction of the lower car driving machine 9 is similar
to that of the upper car driving machine 8.

[0026] Figure 6 is a perspective showing a construc-
tion of a main rope 10 from Figure 1. In the figure, an
inner strand layer 44 having a plurality of inner strands
42 and filler strands 43 disposed in gaps between these
inner strands 42 is disposed around a core wire 41. Each
of the inner strands 42 is composed of a plurality of ar-
amid fibers and an impregnating material such as a poly-
urethane or the like. The filler strands 43 are composed
of a polyamide, for example.

[0027] An outer strand layer 46 having a plurality of
outer strands 45 is disposed around an outer circumfer-
ence of the inner strand layer 44. Each of the outer
strands 45 is composed of a plurality of aramid fibers
and an impregnating material such as a polyurethane
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or the like in a similar manner to the inner strands 42.
[0028] Afriction-reducing coating layer 47 for prevent-
ing abrasion of the strands 42 and 45 due to friction
among the strands 42 and 45 during winding onto the
drive sheaves 8a and 9a is disposed between the inner
strand layer 44 and the outer strand layer 46. A protec-
tive coating layer 48 is also disposed on an outer cir-
cumferential portion of the outer strand layer 46. A syn-
thetic fiber rope of this kind has a high coefficient of fric-
tion compared to a steel rope and is superior in flexibility.
[0029] In an elevator apparatus of this kind, since the
upper car 4 and the lower car 5 are raised and lowered
inside the common hoistway 1 independently, transport
capacity can be raised and the two cars 4 and 5 can be
disposed efficiently without expanding the area of the
hoistway 1. Furthermore, since the upper car driving
machine 8 and the lower car driving machine 9 are dis-
posed in the upper portion inside the hoistway 1, a com-
pact overall construction is made possible.

[0030] In addition, because the upper car 4 and the
lower car 5 are each suspended by a 1:1 roping method
and the counterweight 6 is suspended by a 2:1 roping
method relative to the upper car drive sheave 8a and
the lower car drive sheave 9a, only one counterweight
6 is required, enabling the construction to be simplified.
[0031] Stillfurthermore, because the upper car driving
machine 8 and the lower car driving machine 9 are dis-
posed horizontally, and a plurality of deflection sheaves
12 to 17 for directing the main rope body 11 from the
upper car drive sheave 8a and the lower car drive
sheave 9a to the upper car 4, the lower car 5, and the
counterweight 6 are disposed in the upper portion inside
the hoistway 1, a compact overall construction is made
possible.

[0032] Furthermore, because the upper car driving
machine 8, the lower car driving machine 9, and all of
the deflection sheaves 12 to 17 are supported on the
common support platform 7, the number of parts is re-
duced, also making a compact overall construction pos-
sible.

[0033] Inaddition, since the support platform 7 is sup-
ported by the guide rails 2 and 3, a load acting on the
support platform 7 can be borne by the pit 1a via the
guide rails 2 and 3. However, the support platform 7 may
also be supported directly by a building, and in that case,
the load acting on the guide rails 2 and 3 is alleviated,
enabling a cross-sectional area of the guide rails 2 and
3 to be reduced.

[0034] Still furthermore, because the plurality of elas-
tic bodies 34 are interposed between the upper car driv-
ing machine 8 and the support platform 7 and between
the lower car driving machine 9 and the support platform
7, vibration from the driving machines 8 and 9 is pre-
vented from propagating to the building.

[0035] Furthermore, because the plurality of main
ropes 10 are distributed so as to pass along the first and
second sides of the upper car 4 at an intermediate point
between the lower car 5 and the lower car driving ma-
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chine 9, the lower car 5 can be stably suspended.
[0036] In addition, since a standby space 1b for the
lower car 5 to stand by in is reserved in the pit 1a of the
hoistway 1, the upper car 4 can be stopped at a lower-
most landing, and when the work load on the elevator
apparatus is small, the lower car 5 may also be made
to stand by in the standby space 1b while only the upper
car 4 operates, enabling operating efficiency to be im-
proved.

[0037] Still furthermore, since the control cables 31
and 32 are disposed outside a region of movement of
the upper car 4, the lower car 5, and the counterweight
6, the control cables 31 and 32 will not interfere with the
upper car 4, the lower car 5, or the counterweight 6.
[0038] Furthermore, because main ropes 10 made of
a synthetic fiber rope having a high coefficient of friction
and superior flexibility are used, diameters of the drive
sheaves 8a and 9a and the deflection sheaves 12 to 17
can be reduced, making an even more compact overall
construction possible.

[0039] Moreover, in Embodiment 1, the upper car 4 is
suspended by a central portion of an upper portion
thereof, but may be suspended by first and second side
portions by distributing the plurality of main ropes 10 in
a similar manner to the lower car 5.

[0040] Furthermore, in Embodiment 1, the single
counterweight 6 is used for the two cars 4 and 5, but two
counterweights may also be used.

Embodiment 2

[0041] In addition, in Embodiment 1, the counter-
weight 6 is disposed behind the cars 4 and 5, but the
present invention can also be applied to an elevator ap-
paratus in which the counterweight 6 is disposed beside
the cars 4 and 5, as shown in Figure 7, for example. In
this case, the center line of the pair of counterweight
guide rails 3 is perpendicular to the straight line connect-
ing the centers of rotation of the upper car drive sheave
8a and the lower car drive sheave 9a.

Claims
1. An elevator apparatus comprising:

a hoistway;

an upper car raised and lowered inside said
hoistway;

a lower car disposed below said upper car, said
lower car being raised and lowered inside said
hoistway independently from said upper car;
a counterweight raised and lowered inside said
hoistway;

an upper car driving machine for raising and
lowering said upper car, said upper car driving
machine having an upper car drive sheave and
being disposed in an upper portion inside said
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hoistway;

a lower car driving machine for raising and low-
ering said lower car, said lower car driving ma-
chine having a lower car drive sheave and be-
ing disposed in an upper portion inside said
hoistway; and

a main rope body for suspending said upper
car, said lower car, and said counterweight,
said main rope body being wound around said
upper car drive sheave and said lower car drive
sheave.

The elevator apparatus according to claim 1,
wherein said upper car and said lower car are each
suspended by a 1:1 roping method and said coun-
terweight is suspended by a 2:1 roping method rel-
ative to said upper car drive sheave and said lower
car drive sheave.

The elevator apparatus according to claim 1,
wherein said upper car driving machine and said
lower car driving machine are disposed horizontally
such that a rotating shaft of each of said drive
sheaves extends in a vertical direction, a plurality
of deflection sheaves for directing said main rope
body from said upper car drive sheave and said low-
er car drive sheave to said upper car, said lower car,
and said counterweight being disposed in an upper
portion inside said hoistway.

The elevator apparatus according to claim 3,
wherein said upper car driving machine, said lower
car driving machine, and all of said deflection
sheaves are supported by a common support plat-
form disposed in an upper portion inside said hoist-
way.

The elevator apparatus according to claim 4,
wherein a plurality of guide rails for guiding raising
and lowering of said upper car, said lower car, and
said counterweight are installed inside said hoist-
way, said support platform being supported by said
guide rails.

The elevator apparatus according to claim 4,
wherein said support platform is supported by a
building.

The elevator apparatus according to claim 4,
wherein a plurality of elastic bodies are interposed
between said upper car driving machine and said
support platform and between said lower car driving
machine and said support platform.

The elevator apparatus according to claim 1,
wherein said main rope body includes a plurality of
main ropes, said plurality of main ropes being dis-
tributed at an intermediate point between said lower
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10.

1.

12.

car driving machine and said lower car so as to pass
along first and second sides of said upper car.

The elevator apparatus according to claim 1,
wherein a pair of counterweight guide rails for guid-
ing raising and lowering of said counterweight are
installed inside said hoistway, a center line of said
pair of counterweight guide rails being parallel to a
straight line connecting centers of rotation of said
upper car drive sheave and said lower car drive
sheave.

The elevator apparatus according to claim 1,
wherein a pair of counterweight guide rails for guid-
ing raising and lowering of said counterweight are
installed inside said hoistway, a center line of said
pair of counterweight guide rails being perpendicu-
lar to a straight line connecting centers of rotation
of said upper car drive sheave and said lower car
drive sheave.

The elevator apparatus according to claim 1,
wherein a standby space for said lower car to stand
by in is reserved in a pit of said hoistway.

The elevator apparatus according to claim 1,
wherein said main rope body includes a main rope
made of a synthetic fiber rope.
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