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(54) ELEVATOR APPARATUS

(57) In an elevator apparatus, a drive machine for
raising and lowering a car and a counterweight is ar-
ranged in a hoistway. The drive machine has a drive
sheave. Main ropes for suspending the car and the coun-
terweight are wound around the drive sheave. Further,
the drive machine is arranged such that the rotation axis
of the drive sheave becomes horizontal. An idle pulley,
around which the main ropes are wound, is provided in
the vicinity of the drive machine. By winding the main
ropes around the idle pulley, the arc of contact of the
main ropes on the drive sheave is increased.
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Description

Technical Field

[0001] The present invention relates to an elevator ap-
paratus in which a drive machine for raising and lowering
a car is arranged in a hoistway.

Background Art

[0002] A conventional elevator apparatus in which a
hoisting machine is arranged at a lower portion of a hoist-
way is disclosed in, for example, JP 2001-192191 A. A
main rope for suspending a car and a counterweight is
wound around a drive sheave of the hoisting machine
The main rope extends vertically upwards from the drive
sheave, with the arc of contact of the main rope on the
drive sheave being approximately 180 degrees.
[0003] In the conventional elevator apparatus, howev-
er, it is often the case that a sufficient traction force is not
obtained because the arc of contact of the main rope on
the drive sheave is approximately 180 degrees. In such
a case, it is necessary to use a drive sheave having a
large diameter, with the result that the hoisting machine
increases in size and the layout becomes somewhat re-
stricted. Further, it is also necessary to provide a rope
groove of the drive sheave with an undercut groove al-
lowing a large penetration amount of the main rope, caus-
ing an increase in cost and a reduction in the life of the
main rope.

Disclosure of the Invention

[0004] The present invention has been made with a
view to solving the above problems, and therefore it is
an object of the invention to provide an elevator appara-
tus capable of achieving reduced size of a drive machine
and extended life of a main rope.
[0005] To this end, according to one aspect of the
present invention, there is provided an elevator appara-
tus comprising: a drive machine arranged in a hoistway
and having a drive sheave; a main rope wound around
the drive sheave; and a car and a counterweight that are
suspended in the hoistway by the main rope and are
raised and lowered by a drive force of the drive machine,
wherein: the drive machine is arranged such that a rota-
tion axis of the drive sheave is horizontal; an idle pulley
around which the main rope is wound is provided in a
vicinity of the drive machine; and an arc of contact of the
main rope on the drive sheave is increased by the main
rope being wound around the idle pulley.

Brief Description of the Drawings

[0006]

Fig. 1 is a perspective view showing an elevator ap-
paratus according to Embodiment 1 of the present

invention;
Fig. 2 is a plan view showing a main portion of the
elevator apparatus shown in Fig. 1;
Fig. 3 is a sectional view showing rope grooves of a
drive sheave shown in Fig. 1;
Fig. 4 is a perspective view showing an elevator ap-
paratus according to Embodiment 2 of the present
invention;
Fig. 5 is a plan view showing a main portion of the
elevator apparatus shown in Fig. 4;
Fig. 6 is a perspective view showing an elevator ap-
paratus according to Embodiment 3 of the present
invention;
Fig. 7 is a plan view showing a main portion of the
elevator apparatus shown in Fig. 6;
Fig. 8 is a perspective view showing an elevator ap-
paratus according to Embodiment 4 of the present
invention;
Fig. 9 is a perspective view showing an elevator ap-
paratus according to Embodiment 5 of the present
invention;
Fig. 10 is a plan view showing a main portion of the
elevator apparatus shown in Fig. 9;
Fig. 11 is a perspective view showing an elevator
apparatus according to Embodiment 6 of the present
invention; and
Fig. 12 is a plan view showing a main portion of the
elevator apparatus shown in Fig. 11.

Best Mode for carrying out the Invention

[0007] Hereinbelow, preferred embodiments of the
present invention will be described with reference to the
drawings.

Embodiment 1

[0008] Fig. 1 is a perspective view showing an elevator
apparatus (machine room-less elevator apparatus) ac-
cording to Embodiment 1 of the present invention, and
Fig. 2 is a plan view showing a main portion of the elevator
apparatus of Fig. 1.
[0009] Referring to the figures, a pair of car guide rails
2a and 2b and a pair of counterweight guide rails 3a and
3b are disposed in a hoistway 1. A car 4 is raised and
lowered in the hoistway 1 while being guided by the car
guide rails 2a and 2b. A counterweight 5 is raised and
lowered in the hoistway 1 while being guided by the coun-
terweight guide rails 3a and 3b.
[0010] The counterweight 5 is arranged such that it is
opposed to a side surface 4a of the car 4 when the coun-
terweight 5 is located at the same height as the car 4
(counterweight side drop type).
[0011] A pair of car suspension sheaves 6a and 6b are
mounted below the car 4. A counterweight suspension
sheave 7 is mounted above the counterweight 5.
[0012] A support member (mounting beam) 8 is fixed
to the rear surface of the counterweight guide rail 3a. A
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reinforcing diagonal member 9 is provided between the
support member 8 and the counterweight guide rail 3a.
[0013] Vibration isolating members 10a and 10b are
provided between the counterweight guide rail 3a, the
diagonal member 9, and the support member 8. That is,
the support member 8 is fixed to the counterweight guide
rail 3a through the vibration isolating members 10a and
10b. For example, elastic members such as rubber plates
can be used as the vibration members 10a and 10b.
[0014] A drive machine (hoisting machine) 11 for rais-
ing and lowering the car 4 and the counterweight 5 is
mounted onto the underside of the support member 8.
The drive machine 11 has a drive machine main body 12
including a motor and a brake, and a drive sheave 13
that is rotated by the drive machine main body 12.
[0015] The drive machine 11 used is a thin hoisting
machine whose axial dimension is smaller than the out-
side diameter dimension (the dimension in the direction
at a right angle to the axial direction) of the drive sheave
13 or the drive machine main body 10.
[0016] Further, the drive machine 11 is arranged at a
position which is higher than the floor level of the car 4
when the car 4 stops at the lowest stop floor and which
is lower than the ceiling of the car 4 when the car 4 stops
at the highest stop floor. Specifically, in Embodiment 1,
the drive machine 11 is arranged such that it is opposed
to the side surface 4a of the car 4 when the car 4 stops
at the lowest stop floor. Further, the drive machine 11 is
arranged such that the rotation axis of the drive sheave
13 becomes horizontal and parallel (or substantially par-
allel) to the width direction of the car 4.
[0017] Furthermore, as seen in the vertical projection
plane, the drive machine 11 is arranged between the side
surface 4a of the car 4 and a hoistway wall 1a so as to
be in parallel to the hoistway wall 1a and the side surface
4a. Further, the drive machine main body 12 is arranged
on the car 4 side, and the drive sheave 13 is arranged
on the hoistway wall 1a side.
[0018] Further, as seen in the vertical projection plane,
the drive machine 11 is arranged such that a part thereof
protrudes toward the car 4 side beyond to the rear surface
of the car guide rail 2b which is located on the same side
as the drive machine 11 with respect to the car 4.
[0019] Wound around the drive sheave 13 are a plu-
rality of main ropes 14 (only one of which is shown in Fig.
2) for suspending the car 4 and the counterweight 5.
[0020] Provided near the drive machine 11 is an idle
pulley 15 around which the main ropes 14 are wound.
Specifically, the idle pulley 15 is mounted to a side sur-
face of the support member 8 which is opposed to the
hoistway wall 1a, the support member 8 being common
to the idle pulley 15 and the drive machine 11. By winding
the main ropes 14 around the idle pulley 15, the arc of
contact of the main ropes 14 on the drive sheave 13 is
increased to 230 to 280 degrees.
[0021] The rotation axis of the idle pulley 15 is parallel
to the rotation axis of the drive sheave 13. Further, the
diameter of the idle pulley 15 is smaller than the diameter

of the drive sheave 13. Furthermore, the idle pulley 15
is arranged so as to overlap the drive sheave 13 as seen
in the vertical projection plane.
[0022] An upper support beam 16 is arranged at an
upper portion (top portion) of the hoistway 1. The upper
support beam 16 is fixed to the car guide rail 2b and the
counterweight guide rails 3a and 3b.
[0023] A car side return pulley 17 and a counterweight
side return pulley 18 are mounted on top of the upper
support beam 16. The car side return pulley 17 is ar-
ranged so as to diagonally cross the drive machine main
body 12 as seen in the vertical projection plane. That is,
the car side return pulley 17 partially overlaps the drive
machine 11 as seen in the vertical projection plane. Fur-
ther, as seen in the vertical projection plane, the coun-
terweight side return pulley 18 is arranged between the
counterweight suspension sheave 7 and the drive
sheave 13.
[0024] Further, the upper support beam 16 is provided
with a counterweight side rope securing portion 19. A
rope securing beam 20 is fixed to the upper end portion
of the car guide rail 3a. The rope securing beam 20 is
provided with a car side rope securing portion 21.
[0025] Each main rope 14 has a first end portion 14a
connected to the car side rope securing portion 21, and
a second end portion 14b connected to the counterweight
side rope securing portion 19. Further, the main ropes
14 are wound around the car suspension sheaves 6a
and 6b, the car side return pulley 17, the drive sheave
13, the idle pulley 15, the counterweight side return pulley
18, and the counterweight suspension sheave 7 in the
stated order from the first end portion 14a side.
[0026] The car 4 and the counterweight 5 are suspend-
ed in the hoistway 1 by the main ropes 14 according to
a 2:1 roping system.
[0027] It should be noted that the support member 8,
the upper support beam 16, and the rope securing beam
20 are omitted in Fig. 2.
[0028] In the elevator apparatus as described above,
the arc of contact of the main ropes 14 on the drive sheave
13 is increased by means of the idle pulley 15, whereby
the traction force can be increased while suppressing an
increase in the size of the drive sheave 13. As a result,
the drive machine 11 can be miniaturized, making it pos-
sible to achieve a reduction in cost and an increase in
the freedom of layout.
[0029] Further, a large traction force can be secured,
whereby, as shown in Fig. 3, the width of undercut
grooves 13b provided at the bottom of rope grooves 13a
of the drive sheave 13 can be reduced. Further, it is also
possible to omit the undercut grooves 13b if the traction
force obtained is sufficient in strength. Accordingly, the
contact surface area between the bottom surface of the
rope grooves 13a and the main ropes 14 can be in-
creased, thereby lessening the contact pressure be-
tween the main ropes 14 and the drive sheave 13 to be
within a permissible value range. This enables extended
life of the main ropes 14.
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[0030] Further, the arc of contact of the main ropes 14
on the drive sheave 13 is set to 230 to 280 degrees by
means of the idle pulley 15, whereby an optimum traction
force can be obtained.
[0031] Furthermore, the drive machine 11 is arranged
at a position higher than the floor level of the car 4 when
the car 4 stops at the lowest stop floor. Accordingly, even
in the event that the pit (bottom portion) of the hoistway
1 should be flooded, the drive machine 11 is prevented
from being exposed to water.
[0032] Further, the drive machine 11 and the idle pulley
15 are supported by the common support member 8,
whereby the number of parts can be reduced to achieve
simplified construction and also the positional adjustment
(centering) of the idle pulley 15 with respect to the drive
sheave 13 can be facilitated. Further, the increased arc
of contact enables the tension of the main ropes 14 acting
on the drive sheave 13 and the idle pulley 15 to be ab-
sorbed within the support member 8, thereby making it
possible to prevent a load from being placed on the coun-
terweight guide rail 3a.
[0033] Furthermore, the drive machine 11 is mounted
onto the underside of the support member 8 and the idle
pulley 15 is mounted onto the side surface of the support
member 8, whereby the drive machine 11 and the idle
pulley 15 can be arranged efficiently in a compact man-
ner.
[0034] Furthermore, the support member 8 is fixed to
the counterweight guide rail 3a through the vibration iso-
lating members 10a and 10b, whereby it is possible to
prevent the vibration of the drive machine 11 or the idle
pulley 15 from being transmitted to the building or the car
4 through the guide rail 3a.
[0035] Further, the idle pulley 15 serves only to change
the path of the main ropes 14, so the arc of contact of
the main ropes 14 on the idle pulley 15 may be set small.
The diameter of the idle pulley 15 may be thus smaller
than the diameter of the drive sheave 13, making it pos-
sible to suppress an increase in cost due to the provision
of the idle pulley 15.
[0036] It should be noted that the idle pulley and the
drive machine may be mounted separately to different
support members.
[0037] While in the above-described example the idle
pulley 15 is arranged between the drive sheave 13 and
the counterweight side return pulley 18, the idle pulley
15 may be arranged between the drive sheave 13 and
the car side return pulley 17. Further, two idle pulleys
may be provided so that one return pulley is arranged
both between the drive sheave and the car side return
pulley, and between the drive sheave and the counter-
weight side return pulley.
[0038] Further, while in the above-described example
the drivemachine 11 is arranged at a position higher than
the floor level of the car 4 when the car 4 stops at the
lowest stop floor, the drive machine 11 may be arranged
at a position higher than the floor level of the first floor or
reference floor (main entry floor).

Embodiment 2

[0039] Next, Fig. 4 is a perspective view showing an
elevator apparatus according to Embodiment 2 of the
present invention, and Fig. 5 is a plan view showing a
main portion of the elevator apparatus of Fig. 4.
[0040] Referring to the figures, the counterweight 5 is
arranged such that it is opposed to a rear surface 4b of
the car 4 when the counterweight 5 is located at the same
height as the car 4 (counterweight rear drop type). The
drive machine 11 is arranged by the side of the counter-
weight 5 as seen in the vertical projection plane. That is,
as seen in the vertical projection plane, more than half
the portion of the drive machine 11 is arranged between
the rear surface 4b of the car 4 and the hoistway wall 1b
so as to be in parallel to the hoistway wall 1b and the rear
surface 4b.
[0041] Further, the drive machine 11 is arranged such
that the rotation axis of the drive sheave 13 becomes
parallel to the depth direction of the car 4.
[0042] The support member 8 is fixed to the car guide
rail 2b and the counterweight guide rail 3b. The idle pulley
15 is mounted to the side surface of the support member
8 which is opposed to the hoistway wall 1b.
[0043] The upper support beam 16 is fixed to the upper
end portions of the car guide rail 2b and counterweight
guide rail 3a. The support member 8 and the upper sup-
port beam 16 each have a substantially L-shaped con-
figuration.
[0044] The car side return pulley 17 is mounted below
the upper support beam 16. Further, the car side return
pulley 17 is arranged such that its rotation axis becomes
parallel (or substantially parallel) to the width direction of
the car 4. Furthermore, the car side return pulley 17
crosses the drive machine 11 at a substantially right angle
as seen in the vertical projection plane. Otherwise, Em-
bodiment 2 is of the same construction as Embodiment 1.
[0045] With this construction as well, it is possible to
achieve a reduction in the size of the drive machine 11
and an increase in the freedom of layout. Further, the life
of the main ropes 14 can be extended.

Embodiment 3

[0046] Next, Fig. 6 is a perspective view showing an
elevator apparatus according to Embodiment 3 of the
present invention, and Fig. 7 is a plan view showing a
main portion of the elevator apparatus of Fig. 6. In Em-
bodiment 3, as seen in the vertical projection plane, while
the counterweight 5 is opposed to the rear surface 4b of
the car 4, the drive machine 11 is opposed to the side
surface 4a of the car 4.
[0047] As seen in the vertical projection plane, the
drive machine 11 is arranged between the side surface
4a of the car 4 and the drive machine main body 12 so
as to be parallel (or substantially parallel) to the side sur-
face 4a. Further, the drive sheave 13 is arranged on the
car 4 side, and the drive machine main body 12 is ar-
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ranged on the hoistway wall 1a side.
[0048] Further, the drive machine 11 is arranged be-
tween the car guide rail 2b and the counterweight guide
rail 3b. Furthermore, a part of the drive machine 11 is
arranged so as to protrude beyond the rear surface of
the car guide rail 2b, which is located on the same side
as the drive machine 11 with respect to the car 4, toward
the car 4.
[0049] The upper support beam 16 is fixed to the upper
end portions of the car guide rail 2b and counterweight
guide rail 3a and 3b. The car side return pulley 17 is
mounted below the upper support beam 16. Further, as
seen in the vertical projection plane, the car side return
pulley 17 is arranged between the side surface 4a of the
car 4 and the drive machine main body 12 so as to be
parallel or substantially parallel to the side surface 4a.
[0050] The counterweight side return pulley 18 is
mounted below the upper support beam 16. Further, as
seen in the vertical projection plane, the counterweight
side return pulley 18 is arranged outside the region of
the car 4 so as not to overlap the car 4.
[0051] With this construction as well, it is possible to
achieve a reduction in the size of the drive machine 11
and an increase in the freedom of layout. Further, the life
of the main ropes 14 can be extended.
[0052] Further, the drive machine 11 and the counter-
weight 5 are arranged such that they are opposed to dif-
ferent surfaces of the car 4. Accordingly, the width di-
mension of the counterweight 5 can be enlarged to
achieve a reduction in thickness dimension, and the drive
machine 11 can be arranged in the space between the
car guide rail 2b and the counterweight guide rail 3b,
whereby the space within the hoistway 1 can be utilized
more efficiently to achieve a reduction in the planar di-
mension of the hoistway 1.

Embodiment 4

[0053] Next, Fig. 8 is a perspective view showing an
elevator apparatus according to Embodiment 4 of the
present invention. In Embodiment 4, the support member
8, to which the drive machine 11 and the idle pulley 15
are mounted, is arranged in an upper portion of the hoist-
way 1. Further, the car side return pulley 17 and the coun-
terweight side return pulley 18 are mounted on top of the
support member 8. That is, the support member 8 also
serves as the upper support beam.
[0054] The drive machine 11 is arranged at a position
which is higher than the floor level, but lower than the
ceiling, of the car 4 when the car 4 stops at the highest
stop floor. That is, when the car 4 stops at the highest
stop floor, the drive machine 11 is opposed to the side
surface 4a of the car 4.
[0055] The drive machine main body 12 is arranged
on the car 4 side, and the drive sheave 13 is arranged
on the hoistway wall 1a side. The idle pulley 15 is mount-
ed to the side surface of the support member 8 opposed
to the hoistway wall 1a.

[0056] The counterweight side rope securing portion
19 is provided to a rope securing beam 22 fixed to the
upper end portion of the car guide rail 3a. Otherwise,
Embodiment 4 is of the same construction as Embodi-
ment 3.
[0057] With this construction, the car return pulley 17,
the counterweight side return pulley 18, the drive ma-
chine 11, and the idle pulley 15 are mounted to the com-
mon support member 8, whereby the positional adjust-
ment (centering) can be easily performed on the car re-
turn pulley 17, the counterweight side return pulley 18,
the drive sheave 13, and the idle pulley 15. Further, the
number of parts can be reduced.

Embodiment 5

[0058] Fig. 9 is a perspective view showing an elevator
apparatus according to Embodiment 5 of the present in-
vention, and Fig. 10 is a plan view showing a main portion
of the elevator apparatus of Fig. 9. Referring to the fig-
ures, the counterweight 5 is arranged such that it is op-
posed to the side surface 4a of the car 4 when the coun-
terweight 5 is located at the same height as the car 4.
[0059] The support member 8, to which the drive ma-
chine 11 and the idle pulley 15 are mounted, is arranged
at the top portion of the hoistway 1. Further, the support
member 8 is fixed to the upper end portions of the car
guide rail 2b and counterweight guide rails 3a and 3b
through vibration isolating members (not shown).
[0060] The drive machine 11 is mounted on top of the
support member 8. Further, the drive machine 11 partially
overlaps the car 4 as seen in the vertical projection plane.
Specifically, as seen in the vertical projection plane, a
part of the drive machine main body 12 overlaps the car
4, and the drive sheave 13 is arranged outside the region
of the car 4.
[0061] Further, each of the drive machine 11 and the
support member 8 is arranged at a height where it does
not interfere with the car 4 even when the car 4 is lifted
up as the counterweight 5 moves to the lowermost travel
position in the hoistway 1.
[0062] The main ropes 14 extend downward from the
drive sheave 13 and the idle pulley 15. That is, the main
ropes 14 extend from the drive sheave 13 and the idle
pulley 15 to the car suspension sheave 6b and the coun-
terweight suspension sheave 7 without the intermedia-
tion of the idle pulley.
[0063] With this construction as well, it is possible to
achieve a reduction in the size of the drive machine 11
and an increase in the freedom of layout. Further, the life
of the main ropes 14 can be extended.
[0064] Further, the return pulley is omitted, whereby
the number of parts can be reduced to achieve a reduc-
tion in cost.
[0065] It should be noted that the orientation of the
drive machine 11 may be reversed from that of Fig. 10
so that, as seen in the vertical projection plane, the drive
machine 11 is arranged between the side surface 4a of
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the car 4 and the hoistway wall 1a.

Embodiment 6

[0066] Next, Fig. 11 is a perspective view showing an
elevator apparatus according to Embodiment 6 of the
present invention, and Fig. 12 is a plan view showing a
main portion of the elevator apparatus of Fig. 11.
[0067] Referring to the figures, the counterweight 5 is
arranged such that it is opposed to the rear surface 4a
of the car 4 when the counterweight 5 is located at the
same height as the car 4.
[0068] The support member 8 is arranged at the top
portion of the hoistway 1. The support member 8 is fixed
to the upper end portions of the car guide rail 2b and
counterweight guide rails 3a and 3b through vibration
isolating members (not shown).
[0069] The drive machine 11 is disposed on top of the
support member 8. Further, the drive machine 11 is ar-
ranged so as to partially overlap the car 4 as seen in the
vertical projection plane. The idle pulley 15 is mounted
in the casing of the drive machine main body 12.
[0070] Provided on top of the support member 8 is a
deflector sheave 23 for introducing the main ropes 14
from the idle pulley 15 to the counterweight suspension
sheave 7. The deflector sheave 23 is arranged directly
above the counterweight 5 so as to partially overlap the
counterweight 5 as seen in the vertical projection plane.
[0071] The support member 8 is provided with a plu-
rality of main rope passage holes 8a and 8b through
which the main ropes 14 are passed.
[0072] With this construction as well, it is possible to
achieve a reduction in the size of the drive machine 11
and an increase in the freedom of layout. Further, the life
of the main ropes 14 can be extended.
[0073] Further, the return pulley is omitted, whereby
the number of parts can be reduced to achieve a reduc-
tion in cost.
[0074] Furthermore, the deflector sheave 23 is used,
whereby an improvement can be achieved in terms of
the freedom of layout of the counterweight 5.
[0075] While in the above-described example the vi-
bration isolating members are provided between the sup-
port member and the guide rails, the vibration isolating
members may be provided between the drive machine
or idle pulley and the support member.
[0076] Further, instead of fixing the support member,
the upper support beam, the rope securing beam, and
the like to the guide rail, they may be fixed directly or
indirectly to a building.

Claims

1. An elevator apparatus comprising:

a drive machine arranged in a hoistway and hav-
ing a drive sheave;

a main rope wound around the drive sheave; and
a car and a counterweight that are suspended
in the hoistway by the main rope and are raised
and lowered by a drive force of the drive ma-
chine,
wherein:
the drive machine is arranged such that a rota-
tion axis of the drive sheave is horizontal;
an idle pulley around which the main rope is
wound is provided in a vicinity of the drive ma-
chine; and
an arc of contact of the main rope on the drive
sheave is increased by the main rope being
wound around the idle pulley.

2. An elevator apparatus according to Claim 1, wherein
the arc of contact of the main rope on the drive
sheave is within a range of 230 to 280 degrees.

3. An elevator apparatus according to Claim 1, wherein
the drive machine is arranged at a position which is
higher than a floor level of the car when the car stops
at a lowest stop floor and which is lower than a ceiling
of the car when the car stops at a highest stop floor.

4. An elevator apparatus according to Claim 1, wherein
the drive machine is arranged at a top portion of the
hoistway.

5. An elevator apparatus according to Claim 1, wherein
a plurality of guide rails for guiding the car and the
counterweight are disposed in the hoistway, and
wherein at least one of the drive machine and the
idle pulley is supported by a support member that is
mounted to at least part of the guide rails.

6. An elevator apparatus according to Claim 1, wherein
the drive machine and the idle pulley are mounted
to a common support member fixed in the hoistway.

7. An elevator apparatus according to Claim 6, wherein
the support member is fixed in the hoistway through
a vibration isolating member.

8. An elevator apparatus according to Claim 6, wherein
the drive machine is mounted to an underside of the
support member, and wherein the idle pulley is
mounted to a side surface of the support member.

9. An elevator apparatus according to Claim 1, wherein
the idle pulley is mounted in a casing of the drive
machine.

10. An elevator apparatus according to Claim 1, wherein
the idle pulley has a diameter that is smaller than a
diameter of the drive sheave.
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