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(54) ELEVATOR DEVICE

(57) A hoisting machine has: a hoisting machine
main body; and a driving sheave that is rotated by the
hoisting machine main body. A deflecting sheave is dis-
posed so as to be positioned at a distance from the driving
sheave. An endless friction belt that performs a cyclic
motion due to rotation of the driving sheave is wound
around the driving sheave and the deflecting sheave. A
main rope that suspends a car is wound continuously
around the driving sheave and the deflecting sheave
such that the friction belt is interposed. The main rope is
moved by the cyclic motion of the friction belt, and the
car is raised and lowered by the movement of the main
rope.
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Description
TECHNICAL FIELD

[0001] The present invention relates to a traction ele-
vator apparatus in which a main rope that suspends a
car is wound around a driving sheave of a hoisting ma-
chine, and that raises and lowers the car by rotating the
driving sheave.

BACKGROUND ART

[0002] Intraction elevator apparatusesin which a main
rope that suspends a car and a counterweight is wound
around a driving sheave of a hoisting machine, if we let
. be a coefficient of friction between the main rope and
the driving sheave, K2 be a coefficient that is determined
by a shape of a rope groove that is formed on an outer
circumferential portion of the driving sheave, and 6 be a
contact angle of the main rope relative to the driving
sheave, then traction capacity r can be expressed by
Formula (1) below.

[0003]
I =glk28 (1)
[0004] Here, e is the natural logarithm base.
[0005] Intraction elevatorapparatuses ofthiskind, ten-

sion T1 of the main rope near the car, tension T2 of the
main rope near the counterweight, and traction capacity
I'" are designed so as to satisfy the relationship in Formula
(2) blow so as to prevent slippage from occurring between
the driving sheave and the main rope.

[0006]

T2M1sT ... (2)

[0007] Here, Formula (2) represents the relationship
between the respective tensions T1 and T2 and the trac-
tion capacity I when T2 is greater than T1.

[0008] To increase the traction capacity I', the value
of atleast one of the coefficient of friction ., the coefficient
K2, or the contact angle 6 need only be increased ac-
cording to Formula (1).

[0009] Inconventional elevator apparatuses, attempts
have been made to improve traction capacity by winding
the main rope a plurality of times back and forth around
the driving sheave and a deflecting sheave that is dis-
posed away from the driving sheave to increase the con-
tact angle of the main rope relative to the driving sheave
(See Patent Literature 1).

[Patent Literature 1]

[0010] Japanese Patent Laid-Open No. 2002-145556
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(Gazette)
DISCLOSURE OF THE INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION

[0011] However, if the main rope is wound back and
forth around the driving sheave and the deflecting sheave
a plurality of times, equipment such as the hoisting ma-
chine, etc., for example, must be enlarged because re-
spective loads acting on the driving sheave and the de-
flecting sheave increase.

[0012] Increasing the contact angle of the main ropes
relative to the driving sheave by moving the position of
the hoisting machine upward to widen the distance to the
respective positions of the driving sheave and the de-
flecting sheave in the height direction is also conceivable,
but dimensions of the hoistway in the height direction are
increased.

[0013] In addition, adapting the shape of the rope
groove that is formed on the driving sheave to increase
the value of the coefficient K2 is also conceivable, but
respective service lives of the driving sheave and the
main rope will be shorter because contact surface pres-
sure between the driving sheave and the main rope is
increased.

[0014] The present invention aims to solve the above
problems and an object of the present invention is to pro-
vide an elevator apparatus that enables size reductions
to be achieved and that also enables extension of service
life while continuing to ensure a predetermined traction
capacity.

MEANS FOR SOLVING THE PROBLEM

[0015] In orderto achieve the above object, according
to one aspect of the present invention, there is provided
an elevator apparatus characterized in comprising: a car
that can be raised and lowered inside a hoistway; a hoist-
ing machine including: a hoisting machine main body;
and a driving sheave that is rotated by the hoisting ma-
chine main body, the hoisting machine generating a driv-
ing force that raises and lowers the car; a deflecting
sheave that is disposed so as to be positioned at a dis-
tance from the driving sheave; an endless friction belt
that is wound around the driving sheave and the deflect-
ing sheave, and that performs a cyclic motion due to ro-
tation of the driving sheave; and a main rope thatis wound
continuously around the driving sheave and the deflect-
ing sheave such that the friction belt is interposed, the
main rope suspending the car.

BRIEF DESCRIPTION OF THE DRAWINGS
[0016]

Figure 1 is a longitudinal section that shows an ele-
vator apparatus according to Embodiment 1 of the
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present invention;

Figure 2 is a cross section that shows a driving
sheave and a friction belt from Figure 1;

Figure 3 is a longitudinal section that shows an ele-
vator apparatus according to Embodiment 2 of the
present invention;

Figure 4 is a longitudinal section that shows an ele-
vator apparatus according to Embodiment 3 of the
present invention; and

Figure 5 is a plan that shows the elevator apparatus
from Figure 4.

BEST MODE FOR CARRYING OUT THE INVENTION

[0017] Preferred embodiments of the present inven-
tion will now be explained with reference to the drawings.

Embodiment 1

[0018] Figure 1 is a longitudinal section that shows an
elevator apparatus according to Embodiment 1 of the
present invention. In the figure, a pair of car guide rails
2 and a pair of counterweight guide rails 3 are installed
inside a hoistway 1. A car 4 is disposed hoistably between
the car guide rails 2, and a counterweight 5 is disposed
hoistably between the counterweight guide rails 3.
[0019] The car 4 has a front surface, a back surface,
a pair of side surfaces, a bottom surface, and a ceiling
surface. A cardoorway 4ais disposed on the front surface
of the car 4. The back surface of the car 4 faces the front
of the car 4 in a depth direction of the car 4. The side
surfaces of the car 4 are disposed between the car guide
rails 2, and face each other in a direction of frontage of
the car doorway 4a.

[0020] The counterweight5 is raised and lowered near
the back surface of the car 4. Consequently, the car 4
and the counterweight 5 are disposed so as to line up
with each other in the depth direction of the car 4 in a
projected plane when the hoistway 1 is projected verti-
cally. Moreover, a plane that includes the car guide rails
2 and a plane that includes the counterweight guide rails
3 are parallel.

[0021] A machine room 6 is disposed in an upper por-
tion of the hoistway 1. A machine base 7 is fixed to a floor
surface of the machine room 6. A hoisting machine 8 and
a deflecting sheave 9 are supported by the machine base
7.

[0022] The hoisting machine 8 generates a driving
force that raises and lowers the car 4 and the counter-
weight 5. The hoisting machine 8 has: a hoisting machine
main body 10 thatincludes a motor; and a driving sheave
11 that is disposed on the hoisting machine main body
10, and thatis rotated by the hoisting machine main body
10. The driving sheave 11 is rotated around a sheave
shaft that is disposed horizontally.

[0023] The deflecting sheave 9 is disposed so as to be
positioned at a distance from the driving sheave 11. The
deflecting sheave 9 is rotatably disposed on a sheave
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shaft that is arranged so as to be parallel to the sheave
shaft of the driving sheave 11. In addition, the deflecting
sheave 9 is disposed at a position that is lower than the
position of the driving sheave 11. The driving sheave 11
and the deflecting sheave 9 are composed of a steel ma-
terial or cast iron, etc., for example.

[0024] An endless friction belt 12 is wound around the
driving sheave 11 and the deflecting sheave 9. A prede-
termined tension is applied to the friction belt 12 by ad-
justing the distance between the driving sheave 11 and
the deflecting sheave 9. The friction belt 12 is moved
cyclically in response to the rotation of the driving sheave
11. The deflecting sheave 9 is rotated in response to the
cyclic motion of the friction belt 12.

[0025] A plurality of main ropes 13 are wound contin-
uously around the driving sheave 11 and the deflecting
sheave 9 such that the friction belt 12 is interposed. The
car 4 and the counterweight 5 are suspended inside the
hoistway 1 by the main ropes 13. In this example, the
main ropes 13 are constituted by metal ropes. Further-
more, in this example, first end portions of the main ropes
13 are connected to the car 4, and second end portions
of the main ropes 13 are connected to the counterweight
5.

[0026] The mainropes 13 are moved together with the
cyclic motion of the friction belt 12. The car 4 and the
counterweight 5 are raised and lowered the inside of the
hoistway 1 by the movement of the main ropes 13. When
the car 4 and the counterweight 5 are raised and lowered,
the car 4 is guided by the car guide rails 2, and the coun-
terweight 5 is guided by the counterweight guide rails 3.
[0027] Figure2isa cross sectionthatshows the driving
sheave 11 and the friction belt 12 from Figure 1. In the
figure, a plurality of interfitting grooves 14 that are parallel
to a direction of rotation of the driving sheave 11 are
disposed on an outer circumferential portion of the driving
sheave 11. In this example, the cross-sectional shapes
of the interfitting grooves 14 are constituted by a V shape
that has a base side.

[0028] The friction belt 12 is composed of a wear-re-
sistant high friction material. Examples of high friction
materials include urethane rubbers, resins, etc. Conse-
quently, the material of the friction belt 12 is constituted
by a material that is softer than the respective materials
of the driving sheave 11, the deflecting sheave 9, and
the main ropes 13. A plurality of interfitting protruding
portions 15 that can be fitted together with the interfitting
grooves 14 are disposed on an inner circumferential sur-
face of the friction belt 12. A plurality of rope grooves 16
into which the respective main ropes 13 are inserted are
disposed on an outer circumferential surface of the fric-
tion belt 12. The respective interfitting protruding portions
15 and the respective rope grooves 16 are disposed so
as to be parallel to a longitudinal direction of the friction
belt 12. Moreover, in this example, a width dimension of
the friction belt 12 is identical to a thickness dimension
of the driving sheave 11.

[0029] A plurality of core bodies 17 that are parallel to
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a longitudinal direction of the friction belt 12 are embed-
ded inside the friction belt 12. The respective core bodies
17 are each configured endlessly. The respective core
bodies 17 are disposed side by side in a width direction
of the friction belt 12. In addition, the respective core bod-
ies 17 are composed of a material (a high strength ma-
terial) that has higher strength than the high friction ma-
terial of the friction belt 12. In this example, steel wires
are used for the core bodies 17. Prevention of breakage
of the friction belt 12 is thereby achieved.

[0030] Predetermined frictional forces are generated
between the driving sheave 11 and the friction belt 12,
between the deflecting sheave 9 and the friction belt 12,
and between the respective main ropes 13 and the friction
belt 12. The friction belt 12 thereby performs a cyclic mo-
tion that corresponds to the rotation of the driving sheave
11, and the respective main ropes 13 perform motion that
corresponds to the cyclic motion of the friction belt 12.
[0031] Maximum frictional forces between the driving
sheave 11 and the friction belt 12 and between the de-
flecting sheave 9 and the friction belt 12 are greater than
the maximum frictional force between the respective
main ropes 13 and the friction belt 12. Here, "maximum
frictional force" means frictional force before slippage oc-
curs between the members that contact each other. Con-
sequently, even if the respective main ropes 13 slip rel-
ative to the friction belt 12, the friction belt 12 is prevented
from slipping relative to both the driving sheave 11 and
the deflecting sheave 9.

[0032] In an elevator apparatus of this kind, because
an endless friction belt 12 is wound around a driving
sheave 11 and a deflecting sheave 9, and respective
main ropes 13 that suspend a car 4 are wound continu-
ously onto both the driving sheave 11 and the deflecting
sheave 9 such that the friction belt 12 is interposed,
torque from the driving sheave 11 can be also be exerted
at the position of the deflecting sheave 9 due to the cyclic
motion of the friction belt 12. Consequently, torque from
the driving sheave 11 can be transmitted to the respective
main ropes 13 at both the driving sheave 11 and the
deflecting sheave 9. Thus, an angle obtained by adding
the contact angle of the main ropes 13 relative to the
deflecting sheave 9 to the contact angle of the main ropes
13 relative to the driving sheave 11 constitutes the con-
tact angle that contributes to traction capacity, enabling
the traction capacity to be improved.

[0033] Because the friction belt 12 is interposed be-
tween the driving sheave 11 and the main ropes 13 and
between the deflecting sheave 9 and the main ropes 13,
contact between metals that arises between the driving
sheave 11 and the main ropes 13 and between the de-
flecting sheave 9 and the main ropes 13 can be avoided,
enabling extension of service life of the driving sheave
11, the deflecting sheave 9, and the main ropes 13, re-
spectively. In addition, because extension of the service
life of the main ropes 13 can be achieved, diameters of
the main ropes 13 can be reduced, enabling respective
diameters of the driving sheave 11 and the deflecting
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sheave 9 to be reduced while maintaining a ratio (D/d
ratio) between the diameter of the driving sheave 11 and
the diameter of the main ropes 13. Size reductions of the
hoisting machine 8 and the deflecting sheave 9 can there-
by be achieved, enabling overall size reductions of the
elevator apparatus.

[0034] Because rope grooves 16 into which the main
ropes 13 are inserted are disposed on the friction belt
12, the main ropes 13 can be made less likely to dislodge
from the friction belt 12.

[0035] Because maximum frictional forces between
the driving sheave 11 and the friction belt 12 and between
the deflecting sheave 9 and the friction belt 12 are greater
than maximum frictional force between the main ropes
13 and the friction belt 12, the friction belt 12 can be made
less likely to slip relative to both the driving sheave 11
and the deflecting sheave 9, enabling extension of serv-
ice life of the friction belt 12. In other words, if slippage
occurs between the driving sheave 11 and the friction
belt 12 and between the deflecting sheave 9 and the fric-
tion belt 12, the friction belt 12 is abraded. A worn friction
belt 12 is even more likely to slip relative to the driving
sheave 11. Consequently, if abrasion of the friction belt
12 progresses, the friction belt 12 will ultimately slip com-
pletely relative to the driving sheave 11 and the driving
force from the driving sheave 11 will not be transmitted
to the main ropes 13. Consequently, by making the fric-
tion belt 12 less likely to slip relative to both the driving
sheave 11 and the deflecting sheave 9, progression of
abrasion of the friction belt 12 can be suppressed, ena-
bling extension of the service life of the friction belt 12.

Embodiment 2

[0036] Figure 3 is a longitudinal section that shows an
elevator apparatus according to Embodiment 2 of the
present invention. An elevator apparatus according to
this example is a type of elevator apparatus in which no
machine room is disposed (a machine-roomless elevator
apparatus). Consequently, a hoisting machine 8 and a
deflecting sheave 9 are disposed inside a hoistway 1.
[0037] The hoisting machine 8 is a thin hoisting ma-
chine in which an axial dimension is smaller than a radial
dimension. The hoisting machine 8 has: a thin hoisting
machine main body 10 that includes a motor; and a driv-
ing sheave 11 that is disposed on the hoisting machine
main body 10, and that is rotated by the hoisting machine
main body 10.

[0038] The driving sheave 11 and the deflecting
sheave 9 are disposed so as to be spaced apart from
each other in a horizontal direction. In other words, the
driving sheave 11 and the deflecting sheave Qis disposed
at positions that have identical height. The rest of the
configuration is similar to that of Embodiment 1.

[0039] In an elevator apparatus of this kind, because
a driving sheave 11 and a deflecting sheave 9 are dis-
posed at positions that have identical height, dimensions
in a height direction of a space for installing the hoisting
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machine 8 and the deflecting sheave 9 can be reduced.
Thus, size reductions in the height direction of the hoist-
way 1 can be achieved. Because the contact angles that
contribute to traction capacity are also similar to those of
Embodiment 1 if the driving sheave 11 and the deflecting
sheave 9 are disposed at positions that have identical
height, improvements in traction capacity can also be
achieved.

Embodiment 3

[0040] Figure 4 is a longitudinal section that shows an
elevator apparatus according to Embodiment 3 of the
present invention. Figure 5 is a plan that shows the ele-
vator apparatus from Figure 4. In the figure, a counter-
weight 5 is raised and lowered near one side surface of
a car 4. Consequently, the car 4 and the counterweight
5 are disposed so as to line up with each other in a width
direction of the car 4 (a direction of frontage of a car
doorway 4a) in a projected plane when a hoistway 1 is
projected vertically. Moreover, a plane that includes re-
spective counterweight guide rails 3 is perpendicular to
a plane that includes respective car guide rails 2.
[0041] A fixed member 21 is fixed between respective
upper portions of a first car guide rail 2 and a first coun-
terweight guide rail 3. A fixed member 22 is fixed to an
upper portion of the second car guide rail 2. A fixed mem-
ber 23 is fixed between respective upper end portions of
each of the counterweight guide rails 3. As shown in Fig-
ure 4, the fixed member 23 is disposed at a position that
is higher than a position of the fixed member 21.

[0042] A hoisting machine 8 is supported by the fixed
member 21. A first rope fastening portion 24 is disposed
on the fixed member 22. A deflecting sheave 9 is sup-
ported by the fixed member 23, and a second rope fas-
tening portion 25 is disposed on the fixed member 23.
As shown in Figure 5, the hoisting machine 8 and the
deflecting sheave 9 are disposed at positions that are
outside a region of the car 4 in the projected plane when
the hoistway 1 is projected vertically. The deflecting
sheave 9 is disposed at a position that is higher than a
position of the driving sheave 11.

[0043] A pair of car suspending sheaves 26 are dis-
posed on alower portion of the car 4, and a counterweight
suspending sheave 27 is disposed on an upper portion
of the counterweight 5.

[0044] The car4 andthe counterweight5 are suspend-
ed by a plurality of main ropes 13. First end portions of
the respective main ropes 13 are connected to the first
rope fastening portion 24, and second end portions of
the respective main ropes 13 are connected to the sec-
ond rope fastening portion 25. The respective main ropes
13 are wound in sequence from the first rope fastening
portion 24 around the respective car suspending sheaves
26, the driving sheave 11, the deflecting sheave 9, and
the counterweight suspending sheave 27, to the second
rope fastening portion 25. The respective main ropes 13
are wound onto the driving sheave 11 and the deflecting
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sheave 9 such that a friction belt 12 is interposed. The
car 4 and the counterweight 5 are raised and lowered
inside of the hoistway 1 by rotation of the driving sheave
11. The rest of the configuration is similar to that of Em-
bodiment 2.

[0045] In an elevator apparatus of this kind, because
a deflecting sheave 9 is disposed at a position that is
higher than a position of a driving sheave 11, an upper
limit position of a range in which a counterweight 3 is
raised and lowered can be set higher while maintaining
dimensions of a hoistway 1 by raising and lowering the
counterweight 3 below the deflecting sheave 9. Conse-
quently, from the viewpoint of layout design, enlargement
of the hoistway 1 can be prevented even if dimensions
of the counterweight 3 are increased in the height direc-
tion.

[0046] In other words, because the hoisting machine
8 is larger than the deflecting sheave 9, if the hoisting
machine 8 is disposed above the counterweight 3, the
upper limit position of the range that the counterweight
3is raised and lowered will be lower than if the deflecting
sheave 9 is disposed above the counterweight 3. Even
if the deflecting sheave 9 is disposed above the counter-
weight 3, the dimensions of the hoistway 1 will be in-
creased in the height direction if the driving sheave 11 is
disposed at a position that is higher than the position of
the deflecting sheave 9. Consequently, by disposing the
deflecting sheave 9 at a position that is higher than the
position of the driving sheave 11, and raising and lower-
ing the counterweight 3 below the deflecting sheave 9,
the upper limit position of the range in which the coun-
terweight 3 is raised and lowered can be set higher while
maintaining the dimensions of the hoistway 1.

[0047] Improvements in traction capacity can also be
achieved if the deflecting sheave 9 is disposed at a po-
sition that is higher than the position of the driving sheave
11, because the contact angles that contribute to traction
capacity are similar to those of Embodiment 2.

Claims
1. Anelevatorapparatus characterized in comprising:

a car that can be raised and lowered inside a
hoistway;

a hoisting machine comprising: a hoisting ma-
chine main body; and a driving sheave that is
rotated by the hoisting machine main body, the
hoisting machine generating a driving force that
raises and lowers the car;

a deflecting sheave that is disposed so as to be
positioned at a distance from the driving sheave;
an endless friction belt that is wound around the
driving sheave and the deflecting sheave, and
that performs a cyclic motion due to rotation of
the driving sheave; and

a main rope that is wound continuously around
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the driving sheave and the deflecting sheave
such that the friction belt is interposed, the main
rope suspending the car.

An elevator apparatus according to Claim 1, char-
acterized in that a rope groove into which the main
rope is inserted is disposed on the friction belt.

An elevator apparatus according to either of Claims
1 or 2, characterized in that maximum frictional
forces between the driving sheave and the friction
belt and between the deflecting sheave and the fric-
tion belt are greater than a maximum frictional force
between the main rope and the friction belt.

An elevator apparatus according to any of Claims 1
through 3, characterized in that the driving sheave
and the deflecting sheave are disposed at positions
that have identical height.

An elevator apparatus according to any of Claims 1
through 3, characterized in that the deflecting
sheave is disposed at a position that is higher than
a position of the driving sheave.
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