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(54) ELEVATOR DEVICE

(57) In an elevator apparatus, main ropes are
wound around a drive sheave of a driving machine. A
car is suspended by the main ropes and raised and low-
ered inside a hoistway by the driving machine. Traction
capacity is ensured without using a counterweight by us-
ing as the main ropes resin-coated ropes in which an
outer layer coating body composed of a high-friction res-
in material is disposed on an outer peripheral portion.
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Description
TECHNICAL FIELD

[0001] The present invention relates to a traction elevator apparatus for raising and lowering a car by means of
friction between a drive sheave of a driving machine and a main rope suspending the car.

BACKGROUND ART

[0002] Conventionally, a traction elevator apparatus in which traction capacity is ensured by the weight of a car and
the weight of a main rope and a counterweight is omitted is disclosed in Japanese Patent Publication No. HEI 7-55780
(Gazette), for example. In an elevator apparatus of this kind, counterweight guide rails for guiding raising and lowering
of the counterweight can also be omitted, enabling planar dimensions of the hoistway to be reduced.

[0003] However, if a main rope made of a steel rope is used, it is necessary to use a main rope having a weight
greater than or equal to six times the loadage of the car in order to achieve sufficient traction capacity without a coun-
terweight. Because of this, the technique can be applied to an elevator apparatus having a high lift range, but application
to an elevator apparatus having a short lift range is difficult.

DISCLOSURE OF THE INVENTION

[0004] The present invention aims to solve the above problems and an object of the present invention is to provide
a enabling an elevator apparatus enabling a counterweight to be omitted and also enabling planar dimensions of a
hoistway to be reduced even if a lifting range is comparatively short.

[0005] In order to achieve the above object, according to one aspect of the present invention, there is provided an
elevator apparatus including: a hoistway; a driving machine having a drive sheave; a main rope wound around the
drive sheave; and a car suspended by the main rope and raised and lowered inside the hoistway by the driving machine,
wherein traction capacity is ensured without using a counterweight by using as the main rope a resin-coated rope in
which an outer layer coating body composed of a high-friction resin material is disposed on an outer peripheral portion.
[0006] According to another aspect of the present invention, there is provided an elevator apparatus including: a
hoistway; a driving machine having a drive sheave; a main rope wound around the drive sheave; and an upper car
suspended by one end of the main rope relative to the drive sheave and raised and lowered inside the hoistway by
the driving machine, wherein a resin-coated rope in which an outer layer coating body composed of a high-friction resin
material is disposed on an outer peripheral portion is used as the main rope, and a lower car raised and lowered inside
the hoistway by the driving machine is suspended at the other end of the main rope relative to the drive sheave and
is disposed below the upper car so as to overlap with the upper car in a vertical plane of projection.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007]

Figure 1 is a side elevation showing an elevator apparatus according to Embodiment 1 of the present invention;
Figure 2 is a cross section of a main rope from Figure 1;

Figure 3 is a side elevation showing an elevator apparatus according to Embodiment 2 of the present invention;
Figure 4 is a side elevation showing an elevator apparatus according to Embodiment 3 of the present invention;
Figure 5 is a plan showing part of the elevator apparatus in Figure 4;

Figure 6 is a side elevation showing an elevator apparatus according to Embodiment 4 of the present invention; and
Figure 7 is a plan showing part of the elevator apparatus in Figure 6.

BEST MODE FOR CARRYING OUT THE INVENTION

[0008] Preferred embodiments of the present invention will now be explained with reference to the drawings.
Embodiment 1

[0009] Figure 1is aside elevation showing an elevator apparatus according to Embodiment 1 of the presentinvention.
In the figure, a machine room 2 is disposed in an upper portion of a hoistway 1. A machine base 3 is secured inside

the machine room 2. A driving machine (a hoisting machine) 4 and a rotatable deflection sheave 5 are mounted on
the machine base 3. The driving machine 4 has a drive sheave 4a.
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[0010] A plurality of main ropes 6 (only one is shown in the Figure 1) are wound around the drive sheave 4a and the
deflection sheave 5. Each of the main ropes 6 has a first end portion 6a and a second end portion 6b. A car 8 is
suspended on the first end portions 6a of the main ropes 6 by means of rope shackles 7. Specifically, the first end
portions 6a are connected to an upper portion of the car 8 by means of the rope shackles 7. A pair of car guide rails
9 for guiding the raising and lowering of the car 8 are installed inside the hoistway 1.

[0011] Compensating ropes 10 for compensating for weight balance fluctuations in the main ropes 6 which depend
on the position of the car 8 are connected between a lower portion of the car 8 and the second end portions 6b of the
main ropes 6. The compensating ropes 10 are connected to the second end portions 6b by means of a coupling 11.
The number of compensating ropes 10 may be different from the number of main ropes 6. Furthermore, here, the
"compensating ropes" has a broad meaning and may be counterbalancing chains, for example.

[0012] A tension pulley apparatus 12 for applying a tensile force to the main ropes 6 and the compensating ropes
10 is disposed in a bottom portion inside the hoistway 1. The tension pulley apparatus 12 has: a tension pulley 12a
around which the compensating ropes 10 are wound; and a weight 12b.

[0013] A plurality of upper portion buffers 13 for alleviating mechanical shock if the car 8 collides with a ceiling portion
of the hoistway 1 are disposed in an upper portion inside the hoistway 1. Lower portion buffers (not shown) for alleviating
mechanical shock if the car 8 collides with a bottom portion of the hoistway 1 are disposed on the bottom portion inside
the hoistway 1.

[0014] A plurality of rope grooves (not shown) into which the main ropes 6 are inserted are disposed on the drive
sheave 4a. In addition, cross sections of the main ropes 6 are circular, cross-sectional shapes of bottom portions of
the rope grooves being semicircular. Specifically, the rope grooves are U grooves (round grooves) having no undercut.
Furthermore, the main ropes 6 are wound around the drive sheave 4a and the deflection sheave 5 using a full winding
method. The contact angle of the main ropes 6 on the drive sheave 4a (the total angle over which each main rope 6
is in contact with the drive sheave 4a) is 320 to 350 degrees (320° - 350°).

[0015] Next, Figure 2 is a cross section of a main rope from Figure 1. In the figure, an inner layer rope 21 has: a core
rope 22; and a plurality of inner layer strands 23 disposed on outer peripheral portions of the core rope 22. The core
rope 22 has a plurality of core strands 24. Each of the core strands 24 is constructed by twisting a plurality of steel
wires 25 together with each other. The core strands 24 are twisted together with each other, and the inner layer strands
23 are twisted in a reverse direction to the core strands 24.

[0016] The inner layer strands 23 are constructed by twisting a plurality of steel wires 26 together with each other.
The cross-sectional structure of the inner layer strands 23 is Warrington-type (Japanese Industrial Standards (JIS) G
3525). Furthermore, there are gaps between adjacent core strands 24 and between the core strands 24 and the inner
layer strands 23, but these gaps are eliminated or reduced by tensile forces acting on the main ropes 6 during use.
[0017] An inner layer coating body 27 made of a resin is coated on an outer periphery of the inner layer rope 21.
The inner layer coating body 27 is composed of a polyethylene resin, for example.

[0018] An outer layer 28 is disposed on an outer peripheral portion of the inner layer coating body 27. The outer
layer 28 has a plurality of outer layer strands 29. Each of the outer layer strands 29 is constituted by: a central wire 30
disposed in the center; and six outer peripheral wires 31 disposed on an outer periphery of the central wire 30. The
outer layer strands 29 are twisted in a reverse direction to the inner layer strands 23.

[0019] An outer layer coating body 60 is coated on an outer periphery of the outer layer 28. The outer layer coating
body 60 is constituted by a high-friction resin material having a coefficient of friction greater than or equal to 0.2, such
as a polyurethane resin, for example.

[0020] The diameters of all of the wires 25, 26, 30, and 31 are set to less than or equal to 1/400 the diameter of the
sheave they are used on, that is, the sheave the main ropes 6 are wound around.

[0021] In an elevator apparatus of this kind, by using resin-coated ropes in which an outer layer coating body 60
composed of a high-friction resin material is disposed on an outer peripheral portion as the main ropes 6, traction
capacity is ensured without using a counterweight.

[0022] Let us assume, for example, that in an elevator apparatus having a capacity of 1,600 kg, the weight of the
car 8 is twice the capacity (3,200 kg), acceleration-deceleration o/g is 0.08, the unit weight, of the main ropes 6 is
0.494 kg/m, and the number of main ropes 6 is eight. The unit weight of the above main ropes 6 is equivalent to a ¢
12 rope (8 x S (19)) employed in a conventional elevator apparatus. Furthermore, the weight of the compensating
ropes 10 is assumed to be approximately equal to the main ropes 6, and the presence of the tension pulley apparatus
12 has been ignored. Thus, the traction ratio is:

{(3,200 + 1,600 + 8 X 0.494 X TR) X (1 + 0.08)} / {(8 X 0.494 X TR) X (1 -

0.08)}
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where TR is the raising and lowering zone (the lifting range).
[0023] Here, itis assumed that a urethane having a hardness of approximately 90 degrees, for example, is used as
the material for the outer layer coating body 60, that the coefficient of friction u is greater than or equal to 0.6, and that
the contact angle 6 on the drive sheave 4a is 320 degrees (320°). Since the rope grooves of the drive sheave 4a are
U grooves, the shape coefficient K, of the rope grooves is 1.19. In this case, the traction capacity = e*K28) = 53.9.
Consequently, when a raising and lowering zone TR satisfying the expression (traction capacity) is greater than or
equal to (traction ratio) is calculated, it is found that the present invention can be applied where TR is greater than or
equal to 25 m.
[0024] In other words, the counterweight can be omitted and the planar dimensions of the hoistway 1 can be reduced
even if the lifting range is comparatively short.
[0025] Furthermore, the presence of the tension pulley apparatus 12 has been ignored in the above expression, but
using the tension pulley apparatus 12, if the weight of the weight 12b thereof is set to twice the sum of the weights of
the main ropes 6 and the compensating ropes 10, the present invention can be applied where TR is greater than or
equal to 12.5 m.
[0026] When the safety factor of the main ropes 6 is calculated with the breaking force of the main ropes 6 in this
case being 69.2 kN, which is equivalent to that of a ¢ 12A class rope (8 x S (19)), it is found that (69.2/9.8 x 1,000 x
8)/(4,800 +12.5x8x0.494 + (2x 12.5x 8 x 0.494) / 2) is approximately equal to 11. In other words, the safety factor
is greater than or equal to 10, thereby also enabling satisfactory strength.
[0027] It goes without saying that the applicable raising and lowering zone can be changed by altering the coefficient
of friction and the contact angle of the main ropes 6 and changing the deadweight and capacity of the car 8, the strength
and the number of the main ropes 6, and the weight of the weight 12b to suit the elevator apparatus.
[0028] In an elevator apparatus of this kind, since a counterweight is not used, it is conceivable that the load torque
and the braking torque acting on the driving machine 4 may increase. However, by using resin-coated ropes in which
the outer layer coating body 60 composed of a high-friction resin material is disposed on an outer peripheral portion
as the main ropes 6, the diameter of the drive sheave 4a can be reduced and increases in load torque and braking
torque suppressed.
[0029] Using main ropes 6 having a cross-sectional construction such as that shown in Figure 2, the packing density
of the steel wires 25, 26, 30, and 31 can be increased while suppressing the overall diameter, enabling increases in
strength. Furthermore, since the contact pressure between the rope grooves of the drive sheave 4a and the main ropes
6 can be reduced, sufficient service life of the main ropes 6 can be maintained while keeping a ratio of the diameter D
of the drive sheave 4a to the diameter d of the main ropes 6 (D/d) at equal to or less than 30.
[0030] In Embodiment 1, because the compensating ropes 10 are connected between the lower portion of the car
8 and the second end portions 6b of the main ropes 6, the length of the expensive main ropes 6 can be shortened,
enabling costs to be reduced.
[0031] In addition, because the upper portion buffers 13 are disposed in the upper portion inside the hoistway 1,
mechanical shock can be alleviated if the car 8 collides with the ceiling portion of the hoistway 1.
[0032] Furthermore, because the rope grooves are shaped as U grooves, damage to the main ropes 6 can be pre-
vented and sufficient friction can be ensured compared to rope grooves having undercuts.
[0033] Moreover, in Embodiment 1, the compensating ropes 10 are connected between the lower portion of the car
8 and the second end portions 6b of the main ropes 6, but the entire length may also be constituted solely by main
ropes composed of the resin-coated rope, the first end portions of the main ropes being connected to the upper portion
of the car, and the second end portions of the main ropes being connected to the lower portion of the car. In that case,
the number of parts is reduced, enabling installation to be facilitated.
[0034] In Embodiment 1, a resin-coated rope including steel wires is used, but a synthetic fiber rope having a rope
main body including synthetic fibers such as aramid fibers, etc., and an outer layer coating body composed of a high-
friction resin material, for example, may also be used.

Embodiment 2

[0035] Next, Figure 3 is a side elevation showing an elevator apparatus according to Embodiment 2 of the present
invention. In the figure, a plurality of main ropes 32 (only one is shown in the Figure 3) are wound around a drive sheave
4a and a deflection sheave 5. The main ropes 32 have a cross-sectional construction similar to that in Figure 2.
[0036] Each of the main ropes 32 has a first end portion 32a and a second end portion 32b. The first end portions
32a are connected to a machine base 3 in an upper portion of a hoistway 1 by means of rope shackles 33. The second
end portions 32b are connected to a fixed beam 35 in a bottom portion of the hoistway 1 by means of rope shackles 34.
[0037] An upper traveling block 36 around which the main ropes 32 are wound is disposed on an upper portion of a
car 8. A lower traveling block 37 around which the main ropes 32 are wound is disposed on a lower portion of the car
8. The rest of the construction is similar to that of Embodiment 1.
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[0038] Using an elevator apparatus of this kind, the counterweight can also be omitted and the planar dimensions
of the hoistway 1 can also be reduced even if the lifting range is comparatively short. Furthermore, since the main
ropes 32 are wound around the upper traveling block 36 and the lower traveling block 37 disposed on the car 8, the
torque acting on the driving machine 4 can be reduced to approximately half that of Embodiment 1.

Embodiment 3

[0039] Next, Figure 4 is a side elevation showing an elevator apparatus according to Embodiment 3 of the present
invention, and Figure 5 is a plan showing part of the elevator apparatus in Figure 4. In the figure, a machine room 42
is disposed in an upper portion of a hoistway 41. A machine base 43 is secured inside the machine room 42. A driving
machine (a hoisting machine) 44 and a rotatable deflection sheave 45 are mounted on the machine base 43. The
driving machine 44 has a drive sheave 44a.

[0040] A plurality of main ropes 46 are wound around the drive sheave 44a and the deflection sheave 45. Each of
the main ropes 46 has a first end portion 46a and a second end portion 46b. Furthermore, the main ropes 46 have a
cross-sectional construction similar to that in Figure 2.

[0041] An upper car 47 and a lower car 48 are disposed inside the hoistway 41. The upper car 47 is suspended at
one end of the main ropes 46 relative to the drive sheave 44a. Specifically, the first end portions 46a of the main ropes
46 are connected to an upper portion of the upper car 47 by means of rope shackles 50. The second end portions 46b
of the main ropes 46 are connected to the machine base 43 in the upper portion of the hoistway 41 by means of rope
shackles 51.

[0042] The lower car 48 is disposed below the upper car 47 so as to overlap with the upper car 47 in a vertical plane
of projection. A car suspension sheave apparatus 49 is disposed on a lower portion of the lower car 48. The car
suspension sheave apparatus 49 has a pair of car suspension sheaves (traveling blocks) 49a and 49b. Portions of the
main ropes 46 between the drive sheave 44a and the second end portions 46b are wound around the car suspension
sheaves 49a and 49b. In other words, the lower car 48 is suspended at the other end of the main ropes 46 relative to
the drive sheave 44a.

[0043] A pair of car guide rails 52 for guiding the raising and lowering of the cars 47 and 48 are installed inside the
hoistway 41. A plurality of rope grooves (not shown) into which the main ropes 46 are inserted are disposed on the
drive sheave 44a. In addition, cross sections of the main ropes 46 are circular, the rope grooves being U grooves
(round grooves) having no undercut. Furthermore, the main ropes 46 are wound around the drive sheave 44a and the
deflection sheave 45 using a full winding method. The contact angle of the main ropes 46 on the drive sheave 44a is
320 to 350 degrees (320 - 350 °).

[0044] In an elevator apparatus of this kind, the upper car 47 and the lower car 48 are suspended by a 2:1 roping
method, and since the lower car 48 runs over only half the operating range of the upper car 47, applications are limited
to a certain extent. However, since the lower car 48 functions in a similar manner to a conventional counterweight, the
counterweight can be omitted regardless of the lifting range, enabling the planar dimensions of the hoistway 41 to be
reduced.

[0045] Here, if the upper car 47 and the lower car 48 have the same weight and the same capacity, there may be a
large imbalance in cases where the upper car 47 has a full load (i.e., is full to capacity) and the lower car 48 has no
load (i.e., is empty), making it difficult to ensure traction capacity. However, in this case, sufficient traction capacity can
also be ensured even if there is a large imbalance by using the resin-coated ropes in which the outer layer coating
body 60 composed of a high-friction resin material is disposed on the outer peripheral portion as the main ropes 46.
[0046] In other words, load fluctuations in the lower car 48 can also be accounted for to ensure sufficient traction
capacity while using the lower car 48 instead of a counterweight by using resin-coated ropes as the main ropes 46.
The diameter of the drive sheave 44a can also be reduced and increases in load torque and braking torque suppressed.

Embodiment 4

[0047] Figure 6is a side elevation showing an elevator apparatus according to Embodiment 4 of the presentinvention,
and Figure 7 is a plan showing part of the elevator apparatus in Figure 6. In the figure, a car suspension sheave
apparatus 49 is mounted to a lower portion of a lower car 48. The car suspension sheave apparatus has: a pair of
rotatable first car suspension sheaves 49a and 49b; and a pair of rotatable second car suspension sheaves 49c and 49d.
[0048] The car suspension sheaves 49a, 49b, 49c¢, and 49d are rotatable about rotating shafts (not shown) extending
in a depth direction of the lower car 48. Furthermore, the first car suspension sheaves 49a and 49b and the second
car suspension sheaves 49c and 49d are symmetrically disposed in a vertical plane of projection on mutually opposite
sides of a straight line connecting a pair of car guide rails 52.

[0049] A rotatable return sheave 53 is disposed in an upper portion inside a hoistway 41. The return sheave 53 may
be supported by a car guide rails 52, for example. Main ropes 46 are wound in sequence from first end portions 46a
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around a drive sheave 44a, a deflection sheave 45, the drive sheave 44a, the deflection sheave 45, the first car sus-
pension sheaves 49a and 49b, the return sheave 53, and the second car suspension sheaves 49d and 49c to second
end portions 46b. The rest of the construction is similar to that of Embodiment 3.

[0050] In an elevator apparatus of this kind, the upper car 47 and the lower car 48 are suspended by a 4:1 roping
method, and since the lower car 48 functions in a similar manner to a conventional counterweight, the counterweight
can be omitted regardless of the lifting range, enabling the planar dimensions of the hoistway 41 to be reduced.
[0051] Moreover, itis preferable to make the coefficient of friction u of the outer layer coating body 60 in Embodiments
3 and 4 greater than or equal to 0.3.

[0052] In Embodiments 3 and 4, the main ropes 46 are fully wound onto the drive sheave 44a, but the present
invention is not limited to this configuration, and either full winding or half winding can be appropriately selected de-
pending on the weight and capacity of the upper car 47 and the lower car 48, and the coefficient of friction of the main
ropes 46, etc.

[0053] In addition, in the elevator apparatuses according to Embodiments 3 and 4, the ranges of movement of the
upper car 47 and the lower car 48 are different. For example, the range of movement of the lower car 48 might be from
the first floor to the twentieth floor, and the range of movement of the upper car 47 might be from the twenty-first floor
to the uppermost floor. In that case, the present invention can be applied to a building having facilities such as restau-
rants, etc., on the twentieth floor, and having an observation platform on the uppermost floor, for example.

[0054] Furthermore, in Embodiments 3 and 4, the range of movement of the lower car 48 is smaller than the range
of movement of the upper car 47, but the range of movement of the lower car 48 may be made greater instead.
[0055] Specifically, the lower car need merely be suspended from the first end portions of the main ropes, the car
suspension sheave apparatus mounted to an upper portion or a lower portion of the upper car, and the second end
portions connected to an upper portion of the hoistway. In that case, by dividing the plurality of main ropes in two
directions at an upper portion of the hoistway and connecting the two sets of branched main ropes to both sides of the
lower car, interference between the upper car and the main ropes can be avoided and the lower car can be suspended
in a well-balanced manner.

Claims
1. An elevator apparatus comprising:

a hoistway;

a driving machine having a drive sheave;

a main rope wound around said drive sheave;

and

a car suspended by said main rope and raised and lowered inside said hoistway by said driving machine,

wherein traction capacity is ensured without using a counterweight by using as said main rope a resin-coated
rope in which an outer layer coating body composed of a high-friction resin material is disposed on an outer pe-
ripheral portion.
2. The elevator apparatus according to Claim 1, wherein:
a coefficient of friction of said outer layer coating body is greater than or equal to 0.6.

3. The elevator apparatus according to Claim 1, wherein:

an upper portion buffer is disposed in an upper portion inside said hoistway, for alleviating mechanical shock
if said car collides with a ceiling portion of said hoistway.

4. The elevator apparatus according to Claim 1, wherein:

said main rope has a first end portion and a second end portion;

said car is suspended by said first end portion of said main rope; and

a compensating rope is connected between a lower portion of said car and said second end portion of said
main rope, for compensating for weight balance fluctuations in said main rope dependent on a position of said
car.
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5. The elevator apparatus according to Claim 1, wherein:

said main rope has a first end portion connected to an upper portion of said hoistway and a second end portion
connected to a bottom portion of said hoistway;

an upper traveling block around which said main rope is wound is disposed on an upper portion of said car,
and a lower traveling block around which said main rope is wound is disposed on a lower portion of said car; and
a tension pulley apparatus having a tension pulley around which said main rope is wound is disposed in a
bottom portion inside said hoistway, for applying a tensile force to said main rope.

6. An elevator apparatus comprising:

a hoistway;

a driving machine having a drive sheave;

a main rope wound around said drive sheave;

and

an upper car suspended by one end of said main rope relative to said drive sheave and raised and lowered
inside said hoistway by said driving machine,

wherein a resin-coated rope in which an outer layer coating body composed of a high-friction resin material
is disposed on an outer peripheral portion is used as said main rope,

and

a lower car raised and lowered inside said hoistway by said driving machine is suspended at the other end
of said main rope relative to said drive sheave and is disposed below said upper car so as to overlap with said
upper car in a vertical plane of projection.

7. The elevator apparatus according to Claim 6, wherein:

said main rope has a first end portion connected to an upper portion of said upper car and a second end portion
connected to an upper portion inside said hoistway;

a car suspension sheave apparatus is disposed on a lower portion of said lower car; and

a portion of said main rope between said drive sheave and said second end portion is wound around said car
suspension sheave apparatus.

8. The elevator apparatus according to Claim 7, wherein:

said car suspension sheave apparatus has a plurality of rotatable first car suspension sheaves and a plurality
of rotatable second car suspension sheaves;

a rotatable return sheave is disposed on an upper portion inside said hoistway; and

said main rope is wound in sequence from said first end portion around said drive sheave, said first car sus-
pension sheaves, said return sheave, and said second car suspension sheaves to said second end portion.
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