EP 1 803 676 A1

Patent Office

e evers (11) EP 1803 676 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 158(3) EPC

(1 9) ’ o Hllm”‘ ‘llH H“‘ Hll‘ |H‘| |H|‘ ”ll’ |”H ‘l |H Mll ‘l |H |”’| |H‘| Hll‘
Patentamt
0 European

(43) Date of publication: (51) IntCl.:
04.07.2007 Bulletin 2007/27 B66B 7/08 (2006.01)
(21) Application number: 04792660.5 (86) International application number:
PCT/JP2004/015494

(22) Date of filing: 20.10.2004
(87) International publication number:

WO 2006/043317 (27.04.2006 Gazette 2006/17)

(84) Designated Contracting States: (72) Inventor: KURAOKA, Hisao,

DE Mitsubishi Denki Kabushiki Kaisha
Tokyo 100-8310 (JP)
(71) Applicant: MITSUBISHI DENKI KABUSHIKI

KAISHA (74) Representative: HOFFMANN EITLE
Chiyoda-ku Patent- und Rechtsanwilte
Tokyo 100-8310 (JP) Arabellastrasse 4

81925 Miinchen (DE)

(54) ELEVATOR APPARATUS

(57)  An elevating body that can be raised/lowered is
provided in a hoistway. The elevating body is raised/low-
ered by a raising/lowering mechanism installed in the F|G 1
hoistway. The raising/lowering mechanism has a driving
device including a driving sheave, a main rope, which is

looped around the driving sheave, for suspending the 5.7
elevating body within the hoistway, and a tension pulley, S )
around which the main rope is looped for applying a ten-
sile force to the main rope. The elevating body is provided 6 (
with a protrusion portion protruding from a lateral surface ~ Py
portion of the elevating body. The main rope is connected ~g
at one end of the main rope and the other end of the main 8—7 2
rope to the protrusion portion. e —_ /Zb /
8a —
-3
oA >
4 —~] — /:Ze
[ BN
Y- )
‘ 2e §0 2¢c

\./’}_\
 ——
=

Printed by Jouve, 75001 PARIS (FR)



1 EP 1 803 676 A1 2

Description
Technical Field

[0001] The present invention relates to a traction-type
elevator apparatus having a structure in which an elevat-
ing (raising/lowering) body is suspended by a main rope.

Background Art

[0002] Conventionally, in order to reduce a horizontal
cross-sectional area of a hoistway, there has been pro-
posed a counterweight-less elevator apparatus having
no counterweight. In the conventional counterweight-
less elevator apparatus, a driving rope for suspending a
car is secured at one end thereof to an upper portion of
the car and at the other end thereof to a lower portion of
the car. Three driven sheaves and one driving sheave
are provided within the hoistway. The driving rope, which
extends from the aforementioned one end thereof to the
other end thereof, is looped around the three driven
sheaves and the driving sheave (see Patent Document
1).
[0003] Patent Document 1: JP 2004-67365 A
Disclosure of the Invention

Problem to be solved by the Invention

[0004] In the conventional elevator apparatus con-
structed as described above, however, rope fastening
devices for securing the ends of the driving rope to the
car need to be provided at the upper portion and the lower
portion of the car, respectively. Accordingly, a substantial
height dimension of the car increases by height dimen-
sions of the rope fastening devices, so a dimension of
the hoistway in a height direction thereof increases.
[0005] The presentinvention has been made to solve
the problem discussed above, and itis therefore an object
of the invention to obtain an elevator apparatus capable
of allowing a reduction in the dimension of a hoistway in
the height direction thereof.

Means for solving the Problem

[0006] An elevator apparatus according to the present
invention includes: an elevating body that can be raised/
lowered within a hoistway; and a raising/lowering mech-
anism having a driving device including a driving sheave,
a main rope, which is looped around the driving sheave,
for suspending the elevating body within the hoistway, a
tension pulley, around which the main rope is looped for
applying a tensile force to the main rope, for raising/low-
ering the elevating body by a driving force of the driving
device. The elevating body is provided with a protrusion
portion protruding from a lateral surface portion of the
elevating body, and the main rope is connected at one
end of the main rope and the other end of the main rope
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to the protrusion portion.
Brief Description of the Drawings
[0007]

Fig. 1 is a front view showing an elevator apparatus
according to Embodiment 1 of the present invention.
Fig. 2is alateral view showing the elevator apparatus
of Fig. 1.

Fig. 3 is a front view showing an elevator apparatus
according to Embodiment 2 of the present invention.
Fig. 4 is alateral view showing the elevator apparatus
of Fig. 3.

Fig. 5is a lateral view showing an elevator apparatus
according to Embodiment 3 of the present invention.
Fig. 6is a lateral view showing an elevator apparatus
according to Embodiment 4 of the present invention.
Fig. 7 is a lateral view showing an elevator apparatus
according to Embodiment 5 of the present invention.
Fig. 8 is a front view showing an elevator apparatus
according to Embodiment 6 of the present invention.
Fig.9is alateral view showing the elevator apparatus
of Fig. 8.

Best Modes for carrying out the Invention

[0008] Preferred embodiments of the present inven-
tion will be described hereinafter with reference to the
drawings.

Embodiment 1

[0009] Fig. 1is a front view showing an elevator appa-
ratus according to Embodiment 1 of the present inven-
tion. Fig. 2 is a lateral view showing the elevator appa-
ratus of Fig. 1. Referring to the figures, a car 2 as an
elevating body is disposed within a hoistway 1 such that
the car 2 can be raised/lowered therein. A pair of car
guide rails (not shown) for guiding the car 2 are installed
within the hoistway 1. The car 2 is raised/lowered within
the hoistway 1 while being guided by the car guide rails.
[0010] The car2has afloor portion 2a, a ceiling portion
2b disposed above the floor portion 2a, a front surface
portion 2c provided with a car doorway 3, a back surface
portion 2d opposed to the front surface portion 2c, and
a pair of lateral surface portions 2e opposed to each other
with respect to a frontage direction of the car doorway 3.
The car 2 is disposed within the hoistway 1 such that the
frontage direction of the car doorway 3 extends parallel
to a width direction of the hoistway 1. The lateral surface
portions 2e are disposed between the car guide rails,
respectively. A line connecting the respective car guide
rails extends parallel to the width direction of the hoistway
1 when the hoistway 1 is vertically projected.

[0011] A protrusion portion 4 protruding outside the car
2 is provided on an intermediate portion of one of the
lateral surface portions 2e. The protrusion portion 4 ex-
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tends horizontally from the car 2. The protrusion portion
4 is disposed outside a region of the car 2 on a vertical
projection plane of the hoistway 1.

[0012] A driving device (hoisting machine) 5 for gen-
erating a driving force for raising/lowering the car 2 is
provided in an upper portion of the hoistway 1. The driving
device 5 has a driving device body 6 including a motor,
and a driving sheave 7 rotated by the driving device body
6. The driving device 5 is designed as a low-profile hoist-
ing machine having an axial dimension that is smaller
than a radial dimension of the driving device body 6 or
the driving sheave 7. The driving device 5 is disposed
such that the axial direction thereof coincides with the
width direction of the hoistway 1.

[0013] A plurality of main ropes 8 are looped around
the driving sheave 7. The car 2 is suspended within the
hoistway 1 by means of the respective main ropes 8. An
outer peripheral portion of each of the main ropes 8 is
covered with a material having a high coefficient of fric-
tion. Thus, a frictional force between the driving sheave
7 and each of the main ropes 8 is ensured.

[0014] A tension pulley 9 around which the respective
main ropes 8 are looped is provided in a lower portion of
the hoistway 1. The tension pulley 9 can be displaced
with respect to the car guide rails. In this example, the
tension pulley 9 is mounted to a rotating member that
can rotate vertically with respect to the car guide rails.
The tension pulley 9 is suspended by the respective main
ropes 8. The tension pulley 9 thus applies a tensile force
to each of the main ropes 8. Further, the tension pulley
9 is provided with a weight (not shown) for ensuring a
predetermined magnitude of a tensile force to be applied
to the main ropes 8.

[0015] The protrusion portion 4 is provided with an up-
per rope fastening portion 10 for connecting the respec-
tive main ropes 8 to the protrusion portion 4 above the
protrusion portion 4, and a lower rope fastening portion
11 for connecting the respective main ropes 8 to the pro-
trusion portion 4 below the protrusion portion 4. Each of
the main ropes 8 has a first connection portion (one end)
8a connected to the upper rope fastening portion 10, and
a second connection portion (the other end) 8b connect-
ed to the lower rope fastening portion 11. Each of the
main ropes 8, which extends from the first connection
portion 8a to the second connection portion 8b, is se-
quentially looped around the driving sheave 7 and the
tension pulley 9. That is, the elevator apparatus accord-
ing to Embodiment 1 of the present invention is a coun-
terweight-less elevator apparatus having no counter-
weight.

[0016] The driving device 5 and the tension pulley 9
are disposed outside the region of the car 2 on a vertical
projection plane of the hoistway 1. The car 2 can be
raised/lowered between an upper-limit position at which
the ceiling portion 2b is higher than the position of the
driving device 5 and a lower-limit position at which the
position of the floor portion 2a is lower than the position
of the tension pulley 9.
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[0017] Note that, a raising/lowering mechanism 12
raising/lowering the car 2 within the hoistway 1 while sus-
pending the car 2 has the driving device 5, the main ropes
8, and the tension pulley 9. The raising/lowering mech-
anism 12 is disposed outside the region of the car 2 on
the vertical projection plane of the hoistway 1.

[0018] Next, an operation will be described. When the
driving device S is driven, the driving sheave 7 is rotated.
The respective main ropes 8 are thus moved in a circu-
lating manner, so the car 2 is raised/lowered within the
hoistway 1. At this time, the car 2 is stably guided by the
car guide rails.

[0019] In the elevator apparatus constructed as de-
scribed above, the car 2 is provided with the protrusion
portion 4 protruding from the lateral surface portion 2e
of the car 2, and the first connection portion 8a and the
second connection portion 8b of each of the main ropes
8 are connected to the protrusion portion 4. Therefore,
the positions of the upper rope fastening portion 10 and
the lower rope fastening portion 11, for connecting the
respective main ropes 8 to the car 2, can be confined
within a range of the height dimension of the car 2. Ac-
cordingly, spaces above and below the car 2 can be re-
duced by the height dimensions of the rope fastening
portions 10 and 11, respectively. As a result, the dimen-
sion of the hoistway 1 in the height direction thereof can
be reduced.

[0020] The raising/lowering mechanism 12is disposed
outside the region of the car 2 on the vertical projection
plane of the hoistway 1. Therefore, while the car 2 is
raised/lowered within the hoistway 1, neither the driving
device 5 nor the tension pulley 9 interferes with the car
2 even when a part of the car 2 has reached a height at
which the driving device 5 or the tension pulley 9 is in-
stalled. Accordingly, the range in which the car 2 can be
raised/lowered can be enlarged within the hoistway 1.
As a result, the dimension of the hoistway 1 in the height
direction thereof can further be reduced.

[0021] The tension pulley 9, which is suspended by
the respective main ropes 8, thereby applies a tensile
force to each of the main ropes 8. Therefore, the tensile
force can be applied to each of the main ropes 8 with a
simple construction. As a result, a reduction in cost can
be achieved.

[0022] The material having the high coefficient of fric-
tion is provided on the outer peripheral portion of each
of the main ropes 8. Therefore, a frictional force between
each of the main ropes 8 and the driving sheave 7 can
be ensured. As a result, the main ropes 8 can be pre-
vented from slipping with respect to the driving sheave 7.

Embodiment 2

[0023] Fig. 3is a front view showing an elevator appa-
ratus according to Embodiment 2 of the present inven-
tion. Fig. 4 is a lateral view showing the elevator appa-
ratus of Fig. 3. Referring to the figures, the driving device
5 and the tension pulley 9 are disposed in the lower por-
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tion of the hoistway 1. The driving device 5 is fixed with
respect to the car guide rails (not shown). The tension
pulley 9 can be displaced vertically with respect to the
car guide rails. The tension pulley 9 is suspended by the
respective main ropes 8.

[0024] Afirstreturn pulley 21 around which the respec-
tive main ropes 8 are looped is provided above the driving
device 5 and the tension pulley 9. A second return pulley
22 around which the respective main ropes 8 are looped
is provided in the upper portion of the hoistway 1. Each
of the first return pulley 21 and the second return pulley
22 can rotate around a horizontal shaft fixed to the car
guide rails. The driving device 5, the tension pulley 9, the
first return pulley 21, and the second return pulley 22 are
disposed outside the region of the car 2 on the vertical
projection plane of the hoistway 1.

[0025] The portion of each of the main ropes 8 between
the driving sheave 7 and the tension pulley 9 is looped
around the first return pulley 21. The portion of each of
the main ropes 8 between the driving sheave 7 and the
first connection portion 8a is looped around the second
return pulley 22. That is, each of the main ropes 8, which
extends from the first connection portion 8a to the second
connection portion 8b, is sequentially looped around the
second return pulley 22, the driving sheave 7, the first
return pulley 21, and the tension pulley 9. Each of the
main ropes 8 is guided from the driving sheave 7 to the
first return pulley 21 and the second return pulley 22, so
the looping angle of each of the main ropes 8 with respect
to the driving sheave 7 is held equal to a predetermined
angle.

[0026] A raising/lowering mechanism 23 for raising/
lowering the car 2 within the hoistway 1 while suspending
the car 2 has the driving device 5, the main ropes 8, the
tension pulley 9, the first return pulley 21, and the second
return pulley 22. The raising/lowering mechanism 23 is
disposed outside the region of the car 2 on the vertical
projection plane of the hoistway 1. Embodiment 2 of the
present invention is identical to Embodiment 1 of the
present invention in other constructional details.

[0027] In the elevator apparatus constructed as de-
scribed above, the portion of each of the main ropes 8
between the driving sheave 7 and the tension pulley 9 is
looped around the first return pulley 21. Therefore, the
looping angle of each of the main ropes 8 with respect
to the driving sheave 7 can be held equal to the prede-
termined angle, so each of the main ropes 8 can be pre-
vented from slipping with respect to the driving sheave 7.
[0028] Since the driving device 5 is disposed in the
lower portion of the hoistway 1, an operation of mainte-
nance/inspection of the driving device 5 can be per-
formed with ease. Further, components in the upper por-
tion of the hoistway 1 can be disposed with ease while
circumventing the car 2.

Embodiment 3

[0029] Fig. 5is a lateral view showing an elevator ap-
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paratus according to Embodiment 3 of the present inven-
tion. Referring to the figure, a turning sheave 31, which
is disposed apart from the driving sheave 7, is provided
within the hoistway 1. The turning sheave 31 is disposed
above the driving sheave 7. The turning sheave 31 is
disposed outside the region of the car 2 on the vertical
projection plane of the hoistway 1. In addition, the turning
sheave 31 can rotate around a horizontal shaft fixed with
respect to the car guide rails.

[0030] Each of the main ropes 8, which extends from
the first connection portion 8a to the second connection
portion 8b, is sequentially looped around the second re-
turn pulley 22, the driving sheave 7, the turning sheave
31, the driving sheave 7, the first return pulley 21, and
the tension pulley 9. That is, each of the main ropes 8
extending from the second return pulley 22 is looped
around the driving sheave 7, then around the turning
sheave 31, then around the driving sheave 7 again, and
then is guided to the first return pulley 21.

[0031] Note that, a raising/lowering mechanism 32 for
raising/lowering the car 2 within the hoistway 1 while sus-
pending the car 2 has the driving device 5, the main ropes
8, the tension pulley 9, the first return pulley 21, the sec-
ond return pulley 22, and the turning sheave 31. The
raising/lowering mechanism 32 is disposed outside the
region of the car 2 on the vertical projection plane of the
hoistway 1. Embodiment 3 of the present invention is
identical to Embodiment 2 of the present invention in oth-
er constructional details.

[0032] In the elevator apparatus constructed as de-
scribed above, each of the main ropes 8 is looped around
the driving sheave 7, then around the turning sheave 31,
and then around the driving sheave 7 again. Therefore,
the looping angle of each of the main ropes 8 with respect
to the driving sheave 7 can further be increased, so each
of the main ropes 8 can be prevented more reliably from
slipping with respect to the driving sheave 7. In addition,
a traction ability for raising/lowering the car 2 is en-
hanced. As a result, masses of the tension pulley 9 and
the weight can be reduced, so the hoistway 1 can further
be reduced in size.

Embodiment 4

[0033] Fig. 6 is a lateral view showing an elevator ap-
paratus according to Embodiment 4 of the present inven-
tion. Referring to the figure, the driving device 5 and the
turning sheave 31 are provided in the upper portion of
the hoistway 1. The turning sheave 31 is disposed below
the driving sheave 7. The turning sheave 31 is disposed
outside the region of the car 2 on the vertical projection
plane of the hoistway 1.

[0034] Each of the main ropes 8, which extends from
the first connection portion 8a to the second connection
portion 8b, is sequentially looped around the driving
sheave 7, the turning sheave 31, the driving sheave 7,
and the tension pulley 9. That is, each of the main ropes
8 extending from the first connection portion 8a is looped
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around the driving sheave 7, then around the turning
sheave 31, then around the driving sheave 7 again, and
then is guided to the tension pulley 9.

[0035] A raising/lowering mechanism 41 for raising/
lowering the car 2 within the hoistway 1 while suspending
the car 2 has the driving device 5, the main ropes 8, the
tension pulley 9, and the turning sheave 31. The raising/
lowering mechanism 41 is disposed outside the region
ofthe car 2 on the vertical projection plane of the hoistway
1. Embodiment 4 of the present invention is identical to
Embodiment 1 of the present invention in other construc-
tional details.

[0036] Even in the elevator apparatus constructed as
described above, each of the main ropes 8 is looped
around the driving sheave 7, then around the turning
sheave 31, and then around the driving sheave 7 again.
Therefore, the looping angle of each of the main ropes
8 with respect to the driving sheave 7 can further be in-
creased, so each of the main ropes 8 can be prevented
more reliably from slipping with respect to the driving
sheave 7. In addition, the traction ability for raising/low-
ering the car 2 is enhanced. Therefore, the masses of
the tension pulley 9 and the weight can be reduced, so
the hoistway 1 can also be reduced in size.

Embodiment 5

[0037] Fig. 7 is a lateral view showing an elevator ap-
paratus according to Embodiment 5 of the present inven-
tion. Referring to the figure, a return pulley 51 is provided
in the upper portion of the hoistway 1. The return pulley
51 can rotate around a horizontal shaft fixed with respect
to the car guide rails.

[0038] The driving device 5 and the tension pulley 9
are provided in the lower portion of the hoistway 1. The
tension pulley 9 is disposed apart from the driving sheave
7. The tension pulley 9 is disposed above the driving
sheave 7. The driving device 5 is fixed to the car guide
rails. The tension pulley 9 can be displaced with respect
to the car guide rails.

[0039] Each of the main ropes 8, which extends from
the first connection portion 8a to the second connection
portion 8b, is sequentially looped around the return pulley
51, the driving sheave 7, the tension pulley 9, and the
driving sheave 7. Thatis, each of the main ropes 8, which
extends from the first connection portion 8a to the second
connection portion 8b, is looped around the driving
sheave 7 via the return pulley 51, then around the tension
pulley 9, and then around the driving sheave 7 again.
[0040] Anurgingdevice 52 forurging the tension pulley
9 in such a direction as to apply a tensile force to each
of the main ropes 8 is provided within the hoistway 1. In
this example, the urging device 52 has an urging spring
53 as an elastic body for urging the tension pulley 9 in a
direction away from the driving sheave 7.

[0041] Note that, a raising/lowering mechanism 54 for
raising/lowering the car 2 within the hoistway 1 while sus-
pending the car 2 has the driving device 5, the main ropes
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8, the tension pulley 9, and the urging device 52. The
raising/lowering mechanism 54 is disposed outside the
region of the car 2 on the vertical projection plane of the
hoistway 1. Embodiment 5 of the present invention is
identical to Embodiment 1 of the presentinvention in oth-
er constructional details.

[0042] In the elevator apparatus constructed as de-
scribed above, the urging device 52 urges the tension
pulley 9 in such a direction as to apply a tensile force to
each of the main ropes 8, so the tension pulley 9 can be
urged in an arbitrary direction with a predetermined urg-
ing force. Thus, the return pulley or the like for allowing
the tension pulley 9 to be suspended by the respective
main ropes 8 can be omitted. The weight for ensuring a
predetermined magnitude of a tensile force to be applied
to each of the main ropes 8 can also be omitted. Accord-
ingly, the number of parts can be reduced. As aresult, a
reduction in cost and space of the hoistway 1 can be
achieved.

[0043] Each of the main ropes 8, which extends from
the first connection portion 8a to the second connection
portion 8b, is looped around the driving sheave 7 via the
return pulley 51, then around the tension pulley 9, and
then around the driving sheave 7 again. Therefore, the
main ropes 8 can be provided within the hoistway 1 such
that they are always bent in the same direction. That is,
the main ropes 8 can be prevented from being bent re-
versely. Thus, life of the respective main ropes 8 can be
prolonged.

[0044] Each of the main ropes 8 is looped around the
driving sheave 7, then around the tension pulley 9, and
then around the driving sheave 7 again. Therefore, the
looping angle of each of the main ropes 8 with respect
to the driving sheave 7 can be increased, so each of the
main ropes 8 can be prevented from slipping with respect
to the driving sheave 7.

[0045] Note that, while in the foregoing example the
driving device 5 and the tension pulley 9 are disposed in
the lower portion of the hoistway 1, and the return pulley
51 is disposed in the upper portion of the hoistway 1, it
is also appropriate that the return pulley 51 be disposed
in the lower portion of the hoistway 1, and that the driving
device 5 and the tension pulley 9 be disposed in the upper
portion of the hoistway 1. In this case, the tension pulley
9 is disposed below the driving sheave 7. Each of the
main ropes 8, which extends from the first connection
portion 8a to the second connection portion 8b, is pro-
vided within the hoistway 1 so as to be sequentially
looped around the driving sheave 7, the tension pulley
9, the driving sheave 7, and the return pulley 51.

Embodiment 6

[0046] Fig. 8 is a front view showing an elevator appa-
ratus according to Embodiment 6 of the present inven-
tion. Fig. 9 is a lateral view showing the elevator appa-
ratus of Fig. 8. Referring to the figures, the car 2 is pro-
vided with a plurality of (two in this example) protrusion
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portions 61 and 62, which protrude from the lateral sur-
face portions 2e to the outside of the car 2. The protrusion
portions 61 and 62 extend horizontally from the car 2 in
a direction away from each other. The protrusion portions
61 and 62 are disposed point-symmetrically with respect
to the center of gravity of the car 2 on the vertical projec-
tion plane of the hoistway 1.

[0047] A plurality of (two in this example) raising/low-
ering mechanisms 63 and 64 corresponding to the pro-
trusion portions 61 and 62, respectively, are provided in
one lateral portion and the other lateral portion, respec-
tively, within the hoistway 1. The raising/lowering mech-
anisms 63 and 64 are identical in construction to the rais-
ing/lowering mechanism 41 according to Embodiment 4
of the present invention. The raising/lowering mecha-
nisms 63 and 64 are disposed outside the region of the
car 2 on the vertical projection plane of the hoistway 1.
The car2is disposed between the raising/lowering mech-
anisms 63 and 64.

[0048] The protrusion portion 61 is provided with an
upper rope fastening portion 65 for connecting the re-
spective main ropes 8 to the protrusion portion 61 above
the protrusion portion 61, and a lower rope fastening por-
tion 66 for connecting the respective main ropes 8 to the
protrusion portion 61 below the protrusion portion 61. The
protrusion portion 62 is provided with an upper rope fas-
tening portion 67 for connecting the respective main
ropes 8 to the protrusion portion 62 above the protrusion
portion 62, and a lower rope fastening portion 68 for con-
necting the respective main ropes 8 to the protrusion por-
tion 62 below the protrusion portion 62.

[0049] In the raising/lowering mechanism 63, the first
connection portion 8a of each of the main ropes 8 is con-
nected to the upper rope fastening portion 65, and the
second connection portion 8b of each of the main ropes
8 is connected to the lower rope fastening portion 66. In
the other raising/lowering mechanism 64, the first con-
nection portion 8a of each of the main ropes 8 is con-
nected to the upper rope fastening portion 67, and the
second connection portion 8b of each of the main ropes
8 is connected to the lower rope fastening portion 68.
The car 2 is suspended within the hoistway 1 by means
of the respective main ropes 8 in the respective raising/
lowering mechanisms 63 and 64.

[0050] The car 2 is raised/lowered by driving forces of
the respective driving devices 5 in the raising/lowering
mechanisms 63 and 64. The driving sheaves 7 are ro-
tated in synchronization with each other. Embodiment 6
of the present invention is identical to Embodiment 1 of
the present invention in other constructional details.
[0051] Next, anoperationwill be described. The driving
sheaves 7 are driven by the driving devices 5 to be rotated
in synchronization with each other. Thus, the main ropes
8 in the raising/lowering mechanisms 63 and 64 are
moved in a circulating manner in synchronization with
one another. Thus, the car 2 is raised/lowered within the
hoistway 1. At this moment, since the main ropes 8 are
moved in a circulating manner in synchronization with
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one another, the car 2 is raised/lowered stably.

[0052] In the elevator apparatus constructed as de-
scribed above, the car 2 is provided with the plurality of
the protrusion portions 61 and 62 protruding from the
lateral surface portions 2e of the car 2, and the plurality
of the raising/lowering mechanisms 63 and 64 corre-
sponding to the protrusion portions 61 and 62, respec-
tively, are provided within the hoistway 1. The first con-
nection portion 8a and the second connection portion 8b
of each of the main ropes 8 in the raising/lowering mech-
anism 63 are connected to the protrusion portion 61, and
the first connection portion 8a and the second connection
portion 8b of each of the main ropes 8 in the raising/
lowering mechanism 64 are connected to the protrusion
portion 62. Therefore, the car 2 can be suspended at a
plurality of points, thus making it possible to raise/lower
the car 2 stably. The common car 2 is raised/lowered by
driving forces of the plurality of the driving devices 5, so
the driving devices 5 can be reduced in size. Thus, spac-
es for installing the driving devices 5 can be reduced. As
aresult, the entire elevator apparatus can be reduced in
size.

[0053] Note that, while in the foregoing example the
raising/lowering mechanisms 63 and 64 for suspending
the car 2 within the hoistway 1 such that the car 2 can
be raised/lowered are identical in construction to the rais-
ing/lowering mechanism 41 according to Embodiment 4
of the present invention, the respective raising/lowering
mechanisms may adopt the construction of the raising/
lowering mechanism 12 according to Embodiment 1 of
the present invention, the raising/lowering mechanism
23 according to Embodiment 2 of the present invention,
the raising/lowering mechanism 32 according to Embod-
iment 3 of the present invention, or the raising/lowering
mechanism 54 according to Embodiment 5 of the present
invention. In this manner as well, the car 2 can be raised/
lowered stably, and the entire elevator apparatus can be
reduced in size.

[0054] In the foregoing embodiments of the present
invention, the material having the high coefficient of fric-
tion is provided on the outer peripheral portion of each
of the main ropes 8. However, the material having the
high coefficient of friction may be provided on an outer
peripheral portion of the driving sheave 7. Alternatively,
the material having the high coefficient of friction may be
provided on the outer peripheral portion of each of the
main ropes 8 and the outer peripheral portion of the driv-
ing sheave. In this manner as well, the frictional force
between each of the main ropes 8 and the driving sheave
7 can be increased, so each of the main ropes can be
prevented from slipping with respect to the driving sheave
7. The increase in the frictional force between each of
the main ropes 8 and the driving sheave 7 leads to en-
hancement of traction ability. Therefore, the magnitude
of the tensile force applied to the main ropes 8 can be
reduced, so the tension pulley 9 and the urging device
52 can also be reduced in size.
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Claims

An elevator apparatus, characterized in that the
elevator apparatus comprises:

an elevating body that can be raised/lowered
within a hoistway; and

a raising/lowering mechanism having a driving
device including a driving sheave, a main rope,
which is looped around the driving sheave, for
suspending the elevating body within the hoist-
way, a tension pulley, around which the main
rope is looped for applying a tensile force to the
main rope, for raising/lowering the elevating
body by a driving force of the driving device, and
in that:

the elevating body is provided with a protrusion
portion protruding from a lateral surface portion
of the elevating body; and

the main rope is connected at one end of the
main rope and the other end of the main rope to
the protrusion portion.

The elevator apparatus according to Claim 1, char-
acterized in that the raising/lowering mechanism is
provided within the hoistway so that the raising/low-
ering mechanism is disposed outside a region of the
elevating body when the hoistway is vertically pro-
jected.

The elevator apparatus according to Claim 1 or 2,
characterized in that the tension pulley is suspend-
ed by the main rope and thereby applies a tensile
force to the main rope.

The elevator apparatus according to Claim 3, char-
acterized in that the raising/lowering mechanism
further comprises a return pulley around which a por-
tion of the main rope between the driving sheave and
the tension pulley is looped.

The elevator apparatus according to any one of
Claims 1 to 4, characterized in that:

the raising/lowering mechanism further com-
prises a turning sheave disposed apart from the
driving sheave; and

the main rope is looped around the driving
sheave, then around the turning sheave, and
then around the driving sheave again.

The elevator apparatus according to Claim 1 or 2,
characterized in that the raising/lowering mecha-
nism further comprises an urging device for urging
the tension pulley in such a direction as to apply a
tensile force to the main rope.

The elevator apparatus according to Claim 6, char-
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acterized in that:

the tension pulley is disposed apart from the
driving sheave; and

the main rope is looped around the driving
sheave, thenaround the tension pulley, and then
around the driving sheave again.

The elevator apparatus according to any one of
Claims 1 to 7, characterized in that an outer pe-
ripheral portion of at least one of the main rope and
the driving sheave is provided with a material having
a high coefficient of friction which is interposed be-
tween the main rope and the driving sheave.

The elevator apparatus according to any one of
Claims 1 to 8, characterized in that:

the elevating body is suspended within the hoist-
way by a plurality of the raising/lowering mech-
anisms such that the elevating body can be
raised/lowered,

the elevating body is provided with a plurality of
the protrusion portions which protrude from lat-
eral surface portions of the elevating body such
that the protrusion portions correspond to the
raising/lowering mechanisms, respectively; and
the protrusion portions each have one end and
another end of the main rope in a corresponding
one of the raising/lowering mechanisms con-
nected to the protrusion portions, respectively.
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FIG. 4
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