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Description
Technical Field

[0001] The presentinvention relates to an elevator apparatus having a car and a counterweight that are raised/lowered
within a hoistway.

Background Art

[0002] In aconventional elevator apparatus, main ropes for suspending a car and a counterweight are wound around
a driving sheave of a hoisting machine. When the driving sheave is rotated, the car and the counterweight are thereby
raised/lowered within the hoistway (see Patent Document 1).

[0003] Patent Document 1: JP 2002-80178 A

Disclosure of the Invention
Problem to be solved by the Invention

[0004] In the conventional elevator apparatus constructed as described above, however, a driving force is applied to
bent portions of the main ropes. Therefore, the main ropes are under strain, so the life thereof is shortened. Thus, the
number of the main ropes needs to be increased.

The hoisting machine cannot be disposed at a location other than the bent portions of the main ropes, so the degree of
freedom in designing the layout of the hoisting machine is limited. Thus, the entire elevator apparatus cannot be reduced
in size.

[0005] The present invention has been made to solve the above-mentioned problem, and it is therefore an object of
the present invention to obtain an elevator apparatus which makes it possible to reduce the number of restrictions
imposed on the degree of freedom in designing the layout of a driving machine while achieving a reduction in size.
[0006] According to the present invention, there is provided an elevator apparatus including:

a car which is raised/lowered within a hoistway;

a counterweight which is raised/lowered within the hoistway;

a main rope for suspending the car and the counterweight within the hoistway; and

a driving machine provided in the hoistway, for moving the main rope to raise/lower the car and the counterweight,
the elevator apparatus being characterized in that:

the driving machine has a driving machine main body, which includes a motor and a rotor rotated by the motor
and is penetrated by the main rope serving as a penetration body, and a contact roller provided in the rotor,
which is in contact with the penetration body, and can rotate around a rotational shaft that is inclined with respect
to a center line of the penetration body when the contact roller is vertically projected onto the penetration body;
the contact roller is so rolled as to leave a spiral trace on an outer peripheral surface of the penetration body
while being in contact with the penetration body, as a result of rotation of the rotor; and

the main rope is moved with respect to the driving machine in a longitudinal direction of the main rope, as a
result of a rolling movement of the contact roller in a state of being in contact with the penetration body.

Brief Description of the Drawings
[0007]

Fig. 1 is a schematic diagram showing an elevator apparatus according to Embodiment 1 of the present invention.
Fig. 2 is a front view showing a driving machine of Fig. 1.

Fig. 3 is a cross-sectional view taken along a line llI-11I of Fig. 2.

Fig. 4 is a schematic diagram showing an elevator apparatus according to Embodiment 2 of the present invention.
Fig. 5 is a schematic diagram showing an elevator apparatus according to Embodiment 3 of the present invention.
Fig. 6 is a schematic diagram showing an elevator apparatus according to Embodiment 4 of the present invention.
Fig. 7 is an enlarged view showing a driving rod-shaped member of Fig. 6.

Fig. 8 is a cross-sectional view showing driving machines of an elevator apparatus according to Embodiment 5 of
the present invention.

Fig. 9 is a cross-sectional view showing driving machines of an elevator apparatus according to Embodiment 6 of
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EP 1 870 370 A1
the present invention.
Best Modes for carrying out the Invention
[0008] Preferred embodiments of the present invention will be described hereinafter with reference to the drawings.
Embodiment 1

[0009] Fig.1isaschematicdiagram showing an elevator apparatus according to Embodiment 1 ofthe presentinvention.
Referring to Fig. 1, a plurality of car side deflector sheaves 2 and a plurality of counterweight side deflector sheaves 3
are provided at an upper end of a hoistway 1. The car side deflector sheaves 2 and the counterweight side deflector
sheaves 3 are disposed apart from each other in a horizontal direction.

[0010] A plurality of main ropes 4 and 5 are wound around the car side deflector sheaves 2 and the counterweight
side deflector sheaves 3. Each of the main ropes 4 and 5 is connected at one end thereof to a car 6, and at another end
thereof to a counterweight 7. That is, each of the main ropes 4 and 5, which extends from the aforementioned one end
connected to the car 6, is sequentially wound around each of the car side deflector sheaves 2 and each of the counter-
weight side deflector sheaves 3 and is extended to the aforementioned other end connected to the counterweight 7.
Thus, the car 6 and the counterweight 7 are suspended within the hoistway 1 by the respective main ropes 4 and 5.
[0011] A driving machine 8 for raising/lowering the car 6 and the counterweight 7 within the hoistway 1 is provided
between the car side deflector sheave 2 and the counterweight side deflector sheave 3. The driving machine 8 is
supported by a support member (not shown), which is fixed within the hoistway 1. Out of the plurality of the main ropes
4 and 5, only the main rope 4 serving as a penetration body penetrates the driving machine 8. That is, only the portion
of the main rope 4 which is suspended between the car side deflector sheave 2 and the counterweight side deflector
sheave 3 serves as the penetration body to penetrate the driving machine 8. Accordingly, when the driving machine 8
applies a driving force only to the main rope 4 which penetrates the driving machine 8, the car 6 and the counterweight
7 are thereby raised/lowered.

[0012] Fig. 2is a front view showing the driving machine 8 of Fig. 1. Fig. 3 is a cross-sectional view taken along a line
[I-111 of Fig. 2. Referring to Figs. 2 and 3, a pedestal 11 having a cylindrical portion 10, which is formed in a shape of a
circular cylinder, is fixed to the support member by bolts 12. The pedestal 11 is disposed such that a center line of the
main rope (i.e., the penetration body) 4 extends coaxially with an axis of the cylindrical portion 10.

[0013] The driving machine 8 is supported by the pedestal 11. The driving machine 8 has a driving machine main
body 13 and a plurality of contact rollers 14. The contact rollers 14, which are provided in the driving machine main body
13, are in contact with the main rope 4.

[0014] The driving machine main body 13 has a motor 15 provided within the cylindrical portion 10, and a rotor 16
rotated by the motor 15. The rotor 16 is fitted through the cylindrical portion 10. An axis of the rotor 16 is disposed
coaxially with the axis of the cylindrical portion 10. A pair of bearings 17 are disposed between the rotor 16 and the
cylindrical portion 10. The rotor 16 is rotatably supported by the cylindrical portion 10 via the respective bearings 17.
The main rope 4 serving as the penetration body is passed through the rotor 16.

[0015] The rotor 16 has a pair of annular wheels 18 and 19 so disposed as to sandwich the cylindrical portion 10 in
an axial direction thereof, and a coupling portion 20 for coupling the respective wheels 18 and 19 to each other. The
coupling portion 20 is provided with a through-hole 21 through which the main rope 4 is extended. The coupling portion
20 is passed through the cylindrical portion 10. Note that, the respective wheels 18 and 19 are larger in outer diameter
than the coupling portion 20.

[0016] The motor 15 is disposed between the coupling portion 20 and the cylindrical portion 10. The motor 15 has a
plurality of permanent magnets 22 provided on an outer peripheral surface of the coupling portion 20, and a stator 23
provided on an inner peripheral surface of the cylindrical portion 10 and opposed to the permanent magnets 22 via a
gap. The respective permanent magnets 22 are disposed side by side in a circumferential direction of the rotor 16,
thereby constituting an annular body. A rotational force is applied to the permanent magnets 22 through energization of
the stator 23. Thus, the rotor 16 is rotated integrally with the permanent magnets 22 around the axis of the cylindrical
portion 10. Note that, in this example, the motor 15 is designed as a permanent-magnetic motor. Instead, however, the
motor 15 may be designed as an induction motor.

[0017] The respective contact rollers 14 are provided in the wheels 18 and 19 respectively. In this example, four of
the contact rollers 14 are provided in each of the wheels 18 and 19. Outer peripheral portions of the respective contact
rollers 14 are made of a material with a high coefficient of friction. The outer peripheral portions of the respective contact
rollers 14 are in contact with the main rope 4. The respective contact rollers 14 are disposed inside the wheels 18 and
19 and around the main rope 4. The respective contact rollers 14 restrain the main rope 4 from being displaced with
respect to the rotor 16 in a direction perpendicular to the axis thereof. The contact rollers 14 can rotate around rotational
shafts 24 respectively, which are inclined with respect to the center line of the main rope 4 when the respective contact
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rollers 14 are vertically projected onto the main rope 4. The angle of inclination formed by each of the rotational shafts
24 and the center line of the main rope 4 at the time when the respective contact rollers 14 are vertically projected onto
the main rope 4 is A [rad].

[0018] When the rotor 16 is rotated, the respective contact rollers 14 are thereby so rolled as to leave spiral traces on
the outer peripheral surface of the main rope 4, while being in contact therewith. When the respective contact rollers 14
are rolled while being in contact with the main rope 4, the main rope 4 is thereby moved in a longitudinal direction thereof
with respect to the driving machine 8.

[0019] A relationship between a rotational angular speed o [rad/s] of the rotor 16 and a rotational frequency f[1/s] of
the rotor 16 is expressed by the following equation (1).

‘n-f ... (1)

e
i
N

[0020] Accordingly, given that the main rope 4 has a diameter of d [m], a moving speed V [m/s] of the main rope 4 is
expressed by the following equation (2).

V =n-d-f-tanx ... (2)

[0021] Given that twice the distance from the center line of the main rope 4 to the outer peripheral surface of each of
the permanent magnets 22, namely, the outer diameter of an annular body constituted by the permanent magnets 22
is Dr [m], a circumferential speed Vg [m/s] of the annular body of the permanent magnets 22 when the rotor 16 is rotated
is expressed by the following equation (3).

Vg = 2-n-£-Dg/2 ... (3)

[0022] Accordingly, a ratio of the moving speed V of the main rope 4 to the circumferential speed Vg of the annular
body of the permanent magnets 22, namely, a speed reducing ratio z is expressed by the following equation (4).

z = V/Vg

(m-d-f-tani)/(2-n-£-Dg/2)

(d-tanA)/Dg ... (4)

[0023] Thus, a tangential force Fg [N] received by an outer peripheral region of the annular body of the permanent
magnets 22 is expressed by the following equation (5), for a force F [N] applied to the main rope 4.

Fg = F-V/Vg

= (F-d-tanA)/Dg ... (5)

[0024] Accordingly, a torque Tq [N-m] generated by the motor 15 is expressed by the following equation (6).

Tq = Fg-Dg/2

= (F-d-tanA)/2 ... (6)
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[0025] Next, an operation will be described. When an AC power is supplied to the stator 23, a revolving magnetic field
is generated, so the rotor 16 is rotated. Thus, the respective contact rollers 14 are moved around the main rope 4 while
being in contact therewith. At this moment, the respective contact rollers 14 are so rolled as to leave spiral traces on the
outer peripheral surface of the main rope 4. Thus, the main rope 4 is moved in the longitudinal direction thereof with
respect to the driving machine 8. Thus, the car 6 and the counterweight 7 are raised/lowered within the hoistway 1.
[0026] In the elevator apparatus constructed as described above, the rotor 16 is provided with the plurality of the
contact rollers 14 that are rotatable around the rotational shafts 24, which are inclined with respect to the center line of
the main rope 4 respectively when the respective contact rollers 14 are vertically projected onto the main rope 4. When
the rotor 16 is rotated, the respective contact rollers 14 are thereby so rolled as to leave spiral traces on the outer
peripheral surface of the main rope 4 while being in contact therewith. Therefore, a driving force of the driving machine
8 can be applied to the main rope 4 without bending the main rope 4. Thus, the driving machine 8 can be installed on
a linearly suspended region of the main rope 4, so the number of restrictions imposed on the degree of freedom in
designing the layout of the driving machine 8 can be reduced. Accordingly, the entire elevator apparatus can be reduced
in size.

[0027] While the torque Tq [N-m] generated by the driving machine 8 thus structured is expressed by the foregoing
equation (6), a torque Tgm [N-m] generated by a conventional hoisting machine having no reducer is expressed by the
following equation (7), given that a driving sheave has an outer diameter of Ds [m].

Tgm = F+-Ds/2 ... (7)

[0028] As a rule, in consideration of the bending life of the main rope 4, the outer diameter Ds of the conventional
driving sheave needs to be several dozen times as large as a diameter d of the main rope 4. When the equations (6)
and (7) are compared with each other from this viewpoint, the required torque Tq of the driving machine 8 according to
Embodiment 1 of the present invention has only to be a value obtained by dividing the required torque Tgm of the
conventional hoisting machine by several dozen. That is, in the conventional hoisting machine, the reducer, which is
composed of gears, needs to be provided separately from a motor with a view to reducing the required torque of the
motor. Accordingly, since the reducer composed of the gears is not necessitated in the elevator apparatus according to
Embodiment 1 of the present invention, the driving machine 8 can also be reduced in size.

Embodiment 2

[0029] Fig.4isaschematicdiagram showing an elevator apparatus according to Embodiment 2 of the presentinvention.
Referring to Fig. 4, an upper connecting portion 31 is provided at the upper end of the hoistway 1, which is located above
the counterweight 7. A lower connecting portion 32 is provided at a lower end of the hoistway 1, which is located below
the counterweight 7. A driving rope 33, which is a track body extending in a direction in which the counterweight 7 is
raised/lowered, is suspended within the hoistway 1. The driving rope 33 is connected at one end thereof to the upper
connecting portion 31, and at the other end thereof to the lower connecting portion 32.

[0030] A space portion 34 is provided inside the counterweight 7. The counterweight 7 is provided with an upper
through-hole 35 extending upward from the space portion 34, and a lower through-hole 36 extending downward from
the space portion 34. The driving machine 8 constructed in the same manner as in Embodiment 1 of the present invention
is provided in the space portion 34. The driving machine 8 is supported by a pedestal 37, which is fixed to the counterweight
7. That is, the driving machine 8 is mounted on the counterweight 7.

[0031] The driving rope 33, which extends from one end connected to the upper connecting portion 31 to the other
end connected to the lower connecting portion 32, is sequentially passed through the upper through-hole 35, the driving
machine 8, and the lower through-hole 36.

[0032] The driving rope 33 serving as a penetration body penetrates the driving machine 8. The driving machine 8 is
mounted on the counterweight 7 such that the axis of the rotor 16 extends coaxially with the center line of the driving
rope (i.e., the penetration body) 33. The respective contact rollers 14 (shown in Fig. 3) of the driving machine 8 are in
contact with the driving rope 33. The respective contact rollers 14 are rotatable around rotational shafts respectively,
which are inclined with respect to a center line of the driving rope 33 when the respective contact rollers 14 are vertically
projected onto the driving rope 33.

[0033] When the rotor 16 (shown in Fig. 3) is rotated, the respective contact rollers 14 are thereby so rolled as to leave
spiral traces on an outer peripheral surface of the driving rope 33 while being in contact therewith. When the respective
contact rollers 14 are rolled while being in contact with the driving rope 33, the driving machine 8 is thereby moved
together with the counterweight 7 with respect to the driving rope 33 in a longitudinal direction thereof. By being moved
with respect to the driving rope 33 in the longitudinal direction thereof, the driving machine 8 raises/lowers the car 6 and
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the counterweight 7. Embodiment 2 of the present invention is identical to Embodiment 1 of the present invention in
other constructional details.

[0034] Next, an operation will be described. When the rotor 16 rotates, the respective contact rollers 14 are rolled
while being in contact with the driving rope 33. Thus, the driving machine 8 is moved with respect to the driving rope 33
in the longitudinal direction thereof. At this moment, the counterweight 7 is also moved together with the driving machine
8. Thus, the car 6, which is linked to the counterweight 7 by the common main rope 5, is also moved. That is, when the
driving machine 8 is moved with respect to the driving rope 33, the car 6 and the counterweight 7 are thereby raised/
lowered within the hoistway 1.

[0035] In the elevator apparatus constructed as described above, the driving machine 8 is mounted on the counter-
weight 7, and the driving rope 33 serving as the penetration body penetrating the driving machine 8 is suspended within
the hoistway 1. When the driving machine 8 is moved with respect to the driving rope 33, the car 6 and the counterweight
7 are thereby raised/lowered within the hoistway 1. Therefore, the driving machine 8 can be mounted on the counterweight
7, and the number of restrictions in designing the layout of the driving machine 8 can further be reduced.

[0036] The driving machine 8 is moved with respect to the driving rope 33, which is different from the main rope 5 for
suspending the car 6 and the counterweight 7. Therefore, when the driving rope 33, which is larger in diameter than the
main rope 5, is suspended within the hoistway 1, the car 6 and the counterweight 7 can thereby be raised/lowered more
stably. As is apparent from the foregoing equation (6), the larger torque Tq can be generated by the driving machine 8.

Embodiment 3

[0037] In Embodiment 2 of the present invention, which has been described above, the driving rope 33 serving as the
track body is suspended within the hoistway 1. However, a circular cylinder (i.e., a driving rod-shaped member) may
also be used as a track body to be installed within the hoistway 1. That is, Fig. 5 is a schematic diagram showing an
elevator apparatus according to Embodiment 3 of the present invention. Referring to Fig. 5, a circular cylinder (i.e., a
driving rod-shaped member) 41 serving as a track body extending in the direction in which the counterweight 7 is raised/
lowered is installed within the hoistway 1.

[0038] Anupperfixing portion42 is provided at the upper end of the hoistway 1, which is located above the counterweight
7. A lower fixing portion 43 is provided at the lower end of the hoistway 1, which is located below the counterweight 7.
The circular cylinder 41 is fixed at one end thereof to the upper fixing portion 42, and at the other end thereof to the
lower fixing portion 43.

[0039] The circular cylinder 41, which extends from the aforementioned one end fixed to the upper fixing portion 42
to the other end fixed to the lower fixing portion 43, is sequentially passed through the upper through-hole 35, the driving
machine 8, and the lower through-hole 36.

[0040] The circular cylinder 41 serving as the penetration body penetrates the driving machine 8. The driving machine
8 is mounted on the counterweight 7 such that the axis of the rotor 16 extends coaxially with a center line of the circular
cylinder 41. When the rotor 16 is rotated, the driving machine 8 is thereby moved together with the counterweight 7 with
respect to the circular cylinder 41 in the longitudinal direction thereof. Embodiment 3 of the present invention is identical
to Embodiment 2 of the present invention in other constructional details.

[0041] In this manner as well, the driving machine 8 can be mounted on the counterweight 7, and the number of
restrictions in designing the layout of the driving machine 8 can further be reduced. The circular cylinder 41 is installed
as the track body within the hoistway 1. Therefore, the diameter of the track body can be increased in comparison with
a case in which the driving rope 33 is used as the track body, so the car 6 and the counterweight 7 can be raised/lowered
more stably. The larger torque Tq can also be generated by the driving machine 8.

Embodiment 4

[0042] Fig.6isaschematicdiagram showing an elevator apparatus accordingto Embodiment4 ofthe presentinvention.
Referring to Fig. 6, a pair of driving rod-shaped members 51 serving as track bodies extending in the direction in which
the car 6 is raised/lowered are installed within the hoistway 1. Each of the driving rod-shaped members 51 is fixed at
one end thereof to an upper fixing portion 52, which is provided at the upper end of the hoistway 1, and at the other end
thereof to a lower fixing portion 53, which is provided at the lower end of the hoistway 1.

[0043] The car 6 is disposed between the respective driving rod-shaped members 51. A pair of driving machines 8,
which are penetrated by the driving rod-shaped members 51 respectively as penetration bodies, are provided on lateral
surfaces of the car 6 respectively. The respective driving machines 8 are provided on the car 6 such that the axis of the
rotor 16 (shown in Fig. 3) extends coaxially with a center line of each of the driving rod-shaped members 51.

[0044] In each of the driving machines 8, when the rotor 16 is rotated, the respective contact rollers 14 (shown in Fig.
3) are thereby so rolled as to leave spiral traces on an outer peripheral surface of each of the driving rod-shaped members
51 while being in contact therewith. When the respective contact rollers 14 are rolled while being in contact with each
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of the driving rod-shaped members 51, each of the driving machines 8 is thereby moved with respect to each of the
driving rod-shaped members 51 in the longitudinal direction thereof. Thus, the car 6 and the counterweight 7 are raised/
lowered within the hoistway 1.

[0045] Fig. 7 is an enlarged view showing each of the driving rod-shaped members 51 of Fig. 6. Referring to Fig. 7,
a plurality of guide grooves 54 for guiding the respective contact rollers 14 are provided in the outer peripheral surface
of each of the driving rod-shaped members 51. The respective guide grooves 54 extend along the spiral traces that are
left when the contact rollers 14 are rolled. That is, the respective contact rollers 14 are rolled while being guided by the
guide grooves 54 in such a manner as to leave the spiral traces on the outer peripheral surface of each of the driving
rod-shaped members 51. Embodiment 4 of the present invention is identical to Embodiment 1 of the present invention
in other constructional details.

[0046] In the elevator apparatus constructed as described above, the driving machines 8 are provided on the car 6,
and the driving rod-shaped members 51 penetrating the driving machines 8 respectively are provided within the hoistway
1. When the driving machines 8 are moved with respect to the driving rod-shaped members 51 respectively, the car 6
and the counterweight 7 are thereby raised/lowered. Therefore, the driving machines 8 can be mounted on the car 6,
and the number of restrictions in designing the layout of the driving machines 8 can further be reduced. The diameter
of the track bodies can be increased in comparison with the case in which the driving rope 33 is used as the penetration
body, so the car 6 and the counterweight 7 can be raised/lowered more stably. The larger torque Tq can also be generated
by the driving machines 8.

[0047] The guide grooves 54 for guiding the contact rollers 14 are provided in the outer peripheral surface of each of
the driving rod-shaped members 51 along the spiral traces. Therefore, the contact rollers 14 can be restrained from
slipping with respect to each of the driving rod-shaped members 51, so the car 6 and the counterweight 7 can be raised/
lowered more stably.

[0048] In the foregoing example, the driving rod-shaped body 51 having the outer peripheral surface in which the
guide grooves 54 are provided is installed within the hoistway 1. However, a circular cylinder having an outer peripheral
surface in which the guide grooves 54 are not provided, or the driving rope suspended within the hoistway 1 may be
used as a track body. In this manner as well, the driving machine 8 can be mounted on the car 6, and the number of
restrictions in designing the layout of the driving machine 8 can be reduced.

Embodiment 5

[0049] Fig. 8 is a cross-sectional view showing driving machines of an elevator apparatus according to Embodiment
5 of the present invention. Referring to Fig. 8, a pair of pedestals 37, which are disposed apart from each other in the
longitudinal direction of the driving rope (i.e., the track body) 33 (in a vertical direction in this example), are fixed in the
space portion 34 provided in the counterweight 7. The respective pedestals 37 are identical in construction to the pedestal
37 according to Embodiment 2 of the present invention. A first driving machine 61 is supported by one of the pedestals
37, and a second driving machine 62 is supported by the other pedestal 37. That is, the first driving machine 61 and the
second driving machine 62 serving as a pair of driving machines are disposed apart from each other in the longitudinal
direction of the driving rope 33 in the space portion 34. The common driving rope 33 serving as a penetration body is
passed through the first driving machine 61 and the second driving machine 62.

[0050] The first driving machine (i.e., one of the driving machines) 61 is identical in construction to the driving machine
8 according to Embodiment 1 of the present invention. The second driving machine (i.e., the other driving machine) 62
is identical in construction to the first driving machine 61 except for the rotational direction of the rotor 16 and the directions
of inclination of the rotational shafts 24 of the respective contact rollers 14.

[0051] Thatis, the rotor 16 in the first driving machine 61 and the rotor 16 in the second driving machine 62 are rotated
in opposite directions around the center line of the driving rope 33. The rotational shafts 24 of the respective contact
rollers 14 in the first driving machine 61 and the rotational shafts 24 of the respective contact rollers 14 in the second
driving machine 62 are inclined in opposite directions with respect to the center line of the driving rope 33 when being
vertically projected onto the driving rope (i.e., the penetration body) 33.

[0052] The rotational speed of the rotor 16 in the first driving machine 61 and the rotational speed of the rotor 16 in
the second driving machine 62 are equal to each other. When the contact rollers 14 in the first driving machine 61 and
the contact rollers 14 in the second driving machine 62 are vertically projected onto the driving rope 33 respectively, the
absolute value of an angle of inclination formed by each of the rotational shafts 24 of the contact rollers 14 in the first
driving machine 61 and the center line of the driving rope 33 and the absolute value of an angle of inclination formed by
each of the rotational shafts 24 of the contact rollers 14 in the second driving machine 62 and the center line of the
driving rope 33 are equal to each other. Embodiment 5 of the present invention is identical to Embodiment 2 of the
present invention in other constructional details.

[0053] Inthe elevator apparatus constructed as described above, each of the rotational shafts 24 of the contact rollers
14 in the first driving machine 61 and each of the rotational shafts 24 of the contact rollers 14 in the second driving
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machine 62 are inclined in opposite directions with respect to the center line of the driving rope 33 when vertically
projected onto the driving rope 33, and the rotor 16 in the first driving machine 61 and the rotor 16 in the second driving
machine 62 are rotated in opposite directions. Therefore, a torque in a torsional direction which is applied to the driving
rope 33 by the first driving machine 61 and a torque in a torsional direction which is applied to the driving rope 33 by the
second driving machine 62 are counterbalanced with each other. As a result, the first driving machine 61 and the second
driving machine 62 can be moved with respect to the driving rope 33 more stably.

[0054] Thatis, when the contact rollers 14 are rolled through rotation of the rotor 16, a counteractive torque of a torque
generated by the motor 15 is applied to the driving rope 33 as the torque in the torsional direction. When a counteractive
torque is applied to the driving rope 33 only in one direction, the driving rope 33 is elastically deformed in the torsional
direction, so a driving force is not efficiently transmitted to the driving rope 33. In the elevator apparatus according to
Embodiment 5 of the present invention, torques in opposite directions are applied to the driving rope 33 by the first
driving machine 61 and the second driving machine 62, so the counteractive torques applied to the driving rope 33 can
be counterbalanced with each other. Accordingly, the amount of elastic deformation of the driving rope 33 in the torsional
direction can be reduced, and driving forces from the first driving machine 61 and the second driving machine 62 can
be efficiently transmitted to the driving rope 33.

Embodiment 6

[0055] Fig. 9 is a cross-sectional view showing driving machines of an elevator apparatus according to Embodiment
6 of the present invention. Referring to Fig. 9, a pedestal 71 is fixed in the space portion 34 provided in the counterweight
7 by bolts. The pedestal 71 has a cylindrical portion 72 formed in the shape of a circular cylinder. The driving rope (i.e.,
the track body) 33, which is suspended within the hoistway 1, is passed inside the cylindrical portion 72. An axis of the
cylindrical portion 72 is coaxial with the center line of the driving rope 33.

[0056] A first driving machine 73 and a second driving machine 74 as a pair of driving machines, which are disposed
coaxially with the axis of the cylindrical portion 72 respectively, are supported by the pedestal 71. The first driving machine
(i.e., one of the driving machines) 73 is provided inside the cylindrical portion 72, and the second driving machine (i.e.,
the other driving machine) 74 is so provided outside the cylindrical portion 72 as to surround the cylindrical portion 72.
Thus, the first driving machine 73 and the second driving machine 74 are integrated with each other.

[0057] The first driving machine 73 has a first driving machine main body 75 disposed inside the cylindrical portion
72, and a plurality of first contact rollers 76 provided in the first driving machine main body 75 while being in contact with
the driving rope 33.

[0058] The first driving machine main body 75 has a first motor 77 provided in the cylindrical portion 72, and a first
rotor 78 rotated by the first motor 77. The first rotor 78 is fitted through the cylindrical portion 72. An axis of the first rotor
78 is disposed coaxially with an axis of the cylindrical portion 72. In addition, a pair of bearings 79 are disposed between
the first rotor 78 and the cylindrical portion 72. The first rotor 78 is rotatably supported by the cylindrical portion 72 via
respective bearings 79. The driving rope 33 serving as the penetration body penetrates the first rotor 78.

[0059] The first rotor 78 has a rotor body 80 passed through the cylindrical portion 72, and an annular wheel 81
provided only at one end of the rotor body 80. The rotor body 80 is provided with a through-hole 82 through which the
driving rope 33 is passed. The wheel 81 is larger in outer diameter than the rotor body 80.

[0060] The first motor 77 is disposed between the rotor body 80 and the cylindrical portion 72. The first motor 77 has
a plurality of permanent magnets 83 provided on an outer peripheral surface of the rotor body 80, and a stator 84 so
provided on an inner peripheral surface of the cylindrical portion 72 as to be opposed to the permanent magnets 83 via
a gap. The respective permanent magnets 83 are disposed side by side in a circumferential direction of the first rotor
78, thereby constituting an annular body. A rotational force is applied to the permanent magnets 83 through energization
of the stator 84. Thus, the first rotor 78 is rotated integrally with the permanent magnets 83 around the axis of the
cylindrical portion 72.

[0061] The respective first contact rollers 76 are provided in the wheel 81. In this example, the four first contact rollers
76 are provided in the wheel 81. Outer peripheral portions of the respective first contact rollers 76 are made of a material
with a high coefficient of friction. The outer peripheral portions of the respective first contact rollers 76 are in contact with
the driving rope 33. The respective first contact rollers 76 are disposed inside the wheel 81 and around the driving rope
33. The respective first contact rollers 76 restrain the driving rope 33 from being displaced with respect to the first rotor
78 in a direction perpendicular to the axis of the first rotor 78.

[0062] The respective first contact rollers 76 are rotatable around first rotational shafts 85 respectively, which are
inclined with respect to the center line of the driving rope 33 when the first contact rollers 76 are vertically projected onto
the driving rope 33. The angle of inclination formed by each of the first rotational shafts 85 and the center line of the
driving rope 33 at the time when the respective first contact rollers 76 are vertically projected onto the driving rope 33
is A [rad].

[0063] When the first rotor 78 is rotated, the respective first contact rollers 76 are thereby so rolled as to leave spiral



10

15

20

25

30

35

40

45

50

55

EP 1870 370 A1

traces on the outer peripheral surface of the driving rope 33 while being in contact therewith.

[0064] The second driving machine 74 has a second driving machinemainbody 86, which assumes a cylindrical shape
and is disposed outside the cylindrical portion 72, and a plurality of second contact rollers 87, which are provided in the
second driving machine main body 86 while being in contact with the driving rope 33.

[0065] The second driving machine main body 86 has a second motor 88, which assumes an annular shape and is
provided on an outer periphery of the cylindrical portion 72, and a second rotor 89, which is so disposed as to surround
a third motor 88 to be rotated by the second motor 88. An axis of the second rotor 89 is disposed coaxially with the axis
of the cylindrical portion 72. Furthermore, a pair of bearings 90 are disposed between the second rotor 89 and the
cylindrical portion 72. The second rotor 89 is rotatably supported by the cylindrical portion 72 via the respective bearings
90. The driving rope 33 serving as the penetration body penetrates the second rotor 78.

[0066] The second rotor 89 has an annular rotor body 91 disposed around the cylindrical portion 72, and an annular
wheel 92 provided only at the other end of the rotor body 91, namely, at the end opposite to the wheel 81 side. The
wheel 92 is smaller in outer diameter than the rotor body 91.

[0067] The second motor 88 is disposed between the rotor body 91 and the cylindrical portion 72. The second motor
88 has a plurality of permanent magnets 93 provided on an inner peripheral surface of the rotor body 91, and a stator
94 provided on the outer peripheral surface of the cylindrical portion 72 and opposed to the permanent magnets 93 via
a gap. The respective permanent magnets 93 are disposed side by side in a circumferential direction of the second rotor
89, thereby constituting an annular body. A rotational force is applied to the permanent magnets 93 through energization
of the stator 94. Thus, the second rotor 89 is rotated integrally with the permanent magnets 93.

[0068] The respective second contact rollers 87 are provided in the wheel 92. In this example, the four second contact
rollers 87 are provided in the wheel 92. Outer peripheral portions of the respective second contact rollers 87 are made
of a material with a high coefficient of friction. The outer peripheral portions of the respective second contact rollers 87
are in contact with the driving rope 33. The respective second contact rollers 87 are disposed inside the wheel 92 and
around the driving rope 33. The respective second contact rollers 87 restrain the driving rope 33 from being displaced
with respect to the second rotor 89 in a direction perpendicular to an axis of the second rotor 89.

[0069] The respective second contact rollers 87 are rotatable around second rotational shafts 95 respectively, which
are inclined with respect to the center line of the driving rope 33 when the second contactrollers 87 are vertically projected
onto the driving rope 33. The angle of inclination formed by each of the second rotational shafts 95 and the center line
of the driving rope 33 at the time when the respective second contact rollers 87 are vertically projected onto the driving
rope 33 is A [rad].

[0070] When the second rotor 89 is rotated, the respective second contact rollers 87 are thereby so rolled as to leave
spiral traces on the outer peripheral surface of the driving rope 33 while being in contact therewith.

[0071] The first rotor 78 and the second rotor 89 are rotated in opposite directions around the axis of the cylindrical
portion 72. The rotational speed of the first rotor 78 and the rotational speed of the second rotor 89 are equal to each other.
[0072] When each of the rotational shafts 85 of the respective first contact rollers 76 and each of the rotational shafts
95 of the respective second contact rollers 87 are vertically projected onto the driving rope 33, they are inclined in
opposite directions with respect to the center line of the driving rope 33. Furthermore, when the respective first contact
rollers 76 and the respective second contact rollers 87 are vertically projected onto the driving rope 33, the absolute
value of an angle of inclination formed by each of the first rotational shafts 85 and the center line of the driving rope 33
and the absolute value of an angle of inclination formed by each of the second rotational shafts 95 and the center line
of the driving rope 33 are equal to each other.

[0073] When the respective first contact rollers 76 and the respective second contact rollers 87 are rolled while being
in contact with the driving rope 33, the first driving machine 73 and the second driving machine 74 are thereby moved
integrally with the counterweight 7 with respect to the driving rope 33 in the longitudinal direction thereof. Embodiment
6 of the present invention is identical to Embodiment 2 of the present invention in other constructional details.

[0074] In the elevator apparatus constructed as described above, the pedestal 71 having the cylindrical portion 72 is
provided on the counterweight 7. The first driving machine 73 is provided inside the cylindrical portion 72, and the second
driving machine 74 is so provided outside the cylindrical portion 72 as to surround the cylindrical portion 72. The first
driving machine 73 and the second drivingmachine 74 are thereby integrated with each other. Therefore, as is the case
with Embodiment 5 of the present invention, the first driving machine 73 and the second driving machine 74 can be
moved more stably with respect to the driving rope 33. Also, the space for installing the driving machines can be reduced.
[0075] In Embodiments 5 and 6 of the present invention, which have been described above, the driving rope 33 serving
as the penetration body penetrates the first driving machine and the second driving machine. However, the main rope
4 for suspending the car 6 and the counterweight 7 may be used as penetration bodies to penetrate the first driving
machine and the second driving machine. In this case, the first driving machine and the second driving machine are
provided on the support member within the hoistway 1.

[0076] In Embodiments 5 and 6 of the present invention, which have been described above, the driving rope 33
suspended within the hoistway 1 is used as the track body. However, the circular cylinder 41 in Embodiment 3 of the
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present invention or the driving rod-shaped member 51 in Embodiment 4 of the present invention may be used as the
track body.

[0077] In the foregoing respective embodiments of the present invention, the respective contact rollers are simply in
contact with the penetration body. However, the respective contact rollers may be pressed against the penetration body.
That is, each of the contact rollers may be urged by a spring (i.e., an elastic body) in such a direction as to come into
contact with the penetration body. In this manner, the contact rollers can further be restrained from slipping with respect
to the penetration body, so the car 6 and the counterweight 7 can be raised/lowered more stably.

Claims
1. An elevator apparatus, comprising:

a car which is raised/lowered within a hoistway;

a counterweight which is raised/lowered within the hoistway;

a main rope for suspending the car and the counterweight within the hoistway; and

adriving machine provided in the hoistway, for moving the main rope to raise/lower the car and the counterweight,
the elevator apparatus being characterized in that:

the driving machine has a driving machine main body, which includes a motor and a rotor rotated by the
motor and is penetrated by the main rope serving as a penetration body, and a contact roller provided in
the rotor, which is in contact with the penetration body, and can rotate around a rotational shaft that is
inclined with respect to a center line of the penetration body when the contact roller is vertically projected
onto the penetration body;

the contact roller is so rolled as to leave a spiral trace on an outer peripheral surface of the penetration
body while being in contact with the penetration body, as a result of rotation of the rotor; and

the main rope is moved with respect to the driving machine in a longitudinal direction of the main rope, as
a result of a rolling movement of the contact roller in a state of being in contact with the penetration body.

2. An elevator apparatus, comprising:

a car which is raised/lowered within a hoistway;

a counterweight which is raised/lowered within the hoistway;

a main rope for suspending the car and the counterweight within the hoistway;

a track body provided within the hoistway, which extends in a direction in which the car and the counterweight
are raised/lowered; and

a driving machine provided on at least one of the car and the counterweight, by being moved with respect to
the track body in a longitudinal direction of the track body, for raising/lowering the car and the counterweight,
the elevator apparatus being

characterized in that:

the driving machine has a driving machine main body, which includes a motor and a rotor rotated by the motor
and is penetrated by the track body serving as a penetration body, and a contact roller provided in the rotor,
which is in contact with the penetration body, and can rotate around a rotational shaft that is inclined with respect
to a center line of the penetration body when the contact roller is vertically projected onto the penetration body;
the contact roller is so rolled as to leave a spiral trace on an outer peripheral surface of the penetration body
while being in contact with the penetration body, as a result of rotation of the rotor; and

the driving machine is moved with respect to the track body in a longitudinal direction of the track body, as a
result of a rolling movement of the contact roller in a state of being in contact with the penetration body.

3. The elevator apparatus according to Claim 2, characterized in that the track body is a driving rope suspended
within the hoistway.

4. The elevator apparatus according to Claim 2, characterized in that the track body is a driving rod-shaped member
fixed within the hoistway.

5. The elevator apparatus according to Claim 4, characterized in that the driving rod-shaped member has an outer
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peripheral surface on which a guide groove for guiding the contact roller along the spiral trace is provided.

The elevator apparatus according to any one of Claims 1 to 5, characterized in that the contact roller is urged by
an elastic body in such a direction as to come into contact with the penetration body.

The elevator apparatus according to any one of Claims 1 to 6, comprising a pair of above-mentioned driving machines
through which the common penetration body is passed, the elevator apparatus being characterized in that:

the rotational shaft of the contact roller in one of the driving machines and the rotational shaft of the contact
rollerin another driving machine are inclined in opposite directions with respect to the center line of the penetration
body when the contact rollers are vertically projected onto the penetration body; and

the rotor in one of the driving machines and the rotor in the other driving machine are rotated in opposite directions.

The elevator apparatus according to Claim 7, characterized in that the pair of the driving machines are supported
by a pedestal having a cylindrical portion, and are integrated with each other, by disposing one of the driving machines
inside the cylindrical portion and disposing the another driving machine outside the cylindrical portion so as to
surround the cylindrical portion.

11
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