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(54) ELEVATOR DEVICE

(57) In an elevator apparatus, a car is suspended
inside a hoistway by a main rope body. The main rope
body is connected to an upper beam of the car by a rope FIG. 2
end connecting apparatus. The rope end connecting ap-
paratus has: a deflecting member around which the main 25 15

rope body is wound, the deflecting member changing ori-

entation of an end portion of the main rope body; and a \ \ C<° t&,v BZ ')5"
connecting rod disposed inside the upper beam, the con- \ } <

necting rod being connected between an end portion of Aw
the main rope body and the upper beam.
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Description
TECHNICAL FIELD

[0001] The presentinvention relates to an elevator ap-
paratus in which a car and a counterweight are suspend-
ed inside a hoistway by a main rope.

BACKGROUND ART

[0002] Inconventional elevator apparatuses, acarand
a counterweight are suspended inside a hoistway by a
plurality of main ropes. A car end portion of each of the
main ropes is connected to a shackle rod. Each of the
shackle rods is connected to an upper beam of the car.
Furthermore, the shackle rods are disposed so as to be
generally at a right angle to a longitudinal direction of the
upper beam, and project above the upper beam (See
Patent Literature 1, for example).

[0003]

Patent Literature 1
Japanese Patent Laid-Open No. 2000-351538 (Ga-
zette)

[0004] In conventional elevator apparatuses config-
ured as described above, since the shackle rods project
above the upper beam, space for the shackle rods is
required above the upper beam, increasing an overhead
dimension (a vertical distance from a floor surface of a
highest floor stopped at to a top portion of the hoistway),
thereby increasing overall vertical dimensions of the
hoistway. Furthermore, if a construction in which a pair
of suspension sheaves around which the main ropes are
wound are disposed below the car and the main ropes
are passed below the car (a two-to-one (2:1) roping un-
derslung method) is adopted in order to avoid this, con-
figuration becomes complicated and the number of parts
is increased, thereby increasing equipment costs and in-
stallation costs.

DISCLOSURE OF THE INVENTION

[0005] The present invention aims to solve the above
problems and an object of the present invention is to pro-
vide an elevator apparatus enabling an overhead dimen-
sion of a hoistway to be reduced by a simple construction.
[0006] In order to achieve the above object, according
to one aspect of the present invention, there is provided
an elevator apparatus including: a car having a cage; and
an upper beam disposed above the cage, the car being
raised and lowered inside a hoistway; a main rope body
for suspending the car inside the hoistway; and a rope
end connecting apparatus for connecting the main rope
body to the upper beam, the rope end connecting appa-
ratus having: a deflecting member around which the main
rope body is wound, the deflecting member changing ori-
entation of an end portion of the main rope body; and a
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connecting rod disposed inside the upper beam, the con-
necting rod being connected between the end portion of
the main rope body and the upper beam.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007]

Figure 1 is a side elevation showing an elevator ap-
paratus according to Embodiment 1 of the present
invention;

Figure 2is a frontelevation showing a carfrom Figure
1;

Figure 3 is a front elevation showing part of Figure
2 enlarged;

Figure 4 is a cross section taken along line IV - IV in
Figure 3;

Figure 5 is a plan showing a rope end connecting
apparatus of an elevator apparatus according to Em-
bodiment 2 of the present invention;

Figure 6 is a cross section taken along line VI - VI in
Figure 5;

Figure 7 is a plan showing a rope end connecting
apparatus of an elevator apparatus according to Em-
bodiment 3 of the present invention;

Figure 8 is a cross section taken along line VIII - VIII
in Figure 7;

Figure 9 is a plan showing a rope end connecting
apparatus of an elevator apparatus according to Em-
bodiment 4 of the present invention;

Figure 10 is a cross section taken along line X - X in
Figure 9;

Figure 11 is a plan showing a rope end connecting
apparatus of an elevator apparatus according to Em-
bodiment 5 of the present invention;

Figure 12 is a cross section taken along line XII - XII
in Figure 11;

Figure 13 is a plan showing a rope end connecting
apparatus of an elevator apparatus according to Em-
bodiment 6 of the present invention;

Figure 14 is a cross section taken along line XIV -
XIV in Figure 13; and

Figure 15 is a plan showing part of a rope end con-
necting apparatus of an elevator apparatus accord-
ing to Embodiment 7 of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

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

Embodiment 1

[0009] Figure 1is a side elevation showing an elevator
apparatus according to Embodiment 1 of the present in-
vention (in this example, a machine-roomless elevator).
In the figure, a pair of car guide rails (not shown) and a
pair of counterweight guide rails (not shown) are installed
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inside a hoistway 1. A car 2 is guided by the car guide
rails so as to be raised and lowered inside the hoistway
1. A counterweight 3 is guided by the counterweight guide
rails so as to be raised and lowered inside the hoistway
1. The counterweight 3 is disposed behind the car 2 when
viewed from a landing side so as to face a rear surface
of the car 2 when positioned level with the car 2.

[0010] The car 2 has: a car frame 4; and a cage 5
supported by the car frame 4. A car entrance is disposed
on a front surface of the cage 5. The car entrance is
opened and closed by a pair of car doors 6. Landing
entrances disposed on landings are opened and closed
by pairs of landing doors 7. The car doors 6 and the land-
ing doors 7 are opened and closed by a driving force from
a door motor (not shown) mounted on the car 2.

[0011] The car frame 4 has: a lower frame 8; a pair of
vertical stanchions 9 disposed on the lower frame 8; and
an upper beam 10 fixed between upper end portions of
the vertical stanchions 9. The cage 5 is supported on the
lower frame 8. The vertical stanchions 9 are disposed
vertically on two sides of the cage 5. The upper beam 10
is disposed horizontally so as to be parallel to a width
direction of the cage 5.

[0012] A driving machine (a hoisting machine) 11 for
generating a driving force for raising and lowering the car
2 and the counterweight 3 is disposed in an upper portion
inside the hoistway 1. The driving machine 11 has: a
driving machine main body 12 including a motor and a
brake; and a drive sheave 13 rotated by the driving ma-
chine main body 12. The driving machine 11 is supported
by a supporting beam (not shown) fixed to an upper por-
tion inside the hoistway 1. The supporting beam may be
supported by at least a portion of the car guide rails and
the counterweight guide rails, or by a building. A deflec-
tion sheave 14 is also supported by the supporting beam.
[0013] A main rope body 150 including a plurality of
main ropes 15 (only one is shown in Figure 1) is wound
around the drive sheave 13 and the deflection sheave
14. Each of the main ropes 15 has: a car end portion 15a
connected to the upper beam 10; and a counterweight
end portion 15b connected to an upper portion of the
counterweight 3. The car 2 and the counterweight 3 are
suspended inside the hoistway 1 by the main ropes 15
using a one-to-one (1:1) roping method.

[0014] Figure 2 is a front elevation showing the car 2
from Figure 1, Figure 3 is a front elevation showing part
of Figure 2 enlarged, and Figure 4 is a cross section taken
along line IV - IV in Figure 3, and a portion of the upper
beam 10 is shown cut away in Figures 2 and 3. A plurality
of deflecting pulleys 21 (equal in number to the main
ropes 15) functioning as a deflecting member are dis-
posed at a central portion in a longitudinal direction of
the upper beam 10. The deflecting pulleys 21 are each
independently rotatable around a shaft 22 mounted to
the upper beam 10.

[0015] A corresponding mainrope 15 is wound around
each of the deflecting pulleys 21. A rope groove into
which a main rope 15 is inserted is disposed on an outer
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periphery of each of the deflecting pulleys 21. Orienta-
tions of the car end portions 15a of the main ropes 15
are deflected by 90 degrees or generally by 90 degrees
as they wind around the deflecting pulleys 21.

[0016] An upper beam groove 10a is formed on the
upper beam 10 in the longitudinal direction. The deflect-
ing pulleys 21 are accommodated completely inside the
upper beam groove 10a. In other words, the deflecting
pulleys 21 are disposed inside the upper beam 10. A pair
of flat rod connecting portions 10b and 10c are also fixed
inside the upper beam groove 10a so as to face each
other and be spaced apart from each other. The rod con-
necting portions 10b and 10c are disposed so as to be
symmetrical or generally symmetrical relative to center
in a width direction of the car 2. The rod connecting por-
tions 10b and 10c are constituted by metal plates welded
inside the groove 10a, for example.

[0017] A metal connecting rod 23 is connected to the
car end portion 15a of each of the main ropes 15 and
fastened. Each of the connecting rods 23 passes through
one of the rod connecting portions 10b and 10c. The con-
necting rods 23 are accommodated inside the upper
beam groove 10a. In other words, the connecting rods
23 are disposed inside the upper beam 10. The connect-
ing rods 23 are also disposed horizontally or generally
horizontally in the longitudinal direction of the upper
beam 10.

[0018] Springs (shackle springs) 24 are disposed be-
tween end portions of the connecting rods 23 on an op-
posite side from the mainropes 15 and the rod connecting
portions 10b and 10c.

[0019] A rope end connecting apparatus 25 according
to Embodiment 1 includes the deflecting pulleys 21, the
shaft 22, the connecting rods 23, and the springs 24. The
main ropes 15 are connected to the upper beam 10 by
the rope end connecting apparatus 25. The car end por-
tions 15a of the main ropes 15 are distributed toward two
sides in the width direction of the car 2 (the longitudinal
direction of the upper beam 10) by the deflecting pulleys
21. In this example, four main ropes 15 are distributed
as two pairs, as shown in Figure 4. It is preferable for the
main ropes 15 to be distributed as uniformly as possible
toward the two sides in the width direction of the car 2 in
this manner. Consequently, if the number of main ropes
15 is odd, it is preferable for them to be distributed as n
andn + 1.

[0020] In an elevator apparatus using a rope end con-
necting apparatus 25 of this kind, orientations of the car
end portions 15a of the main ropes 15 are changed by
the deflecting pulleys 21. Specifically, the main ropes 15
are vertical or generally vertical from the deflecting pul-
leys 21 toward the drive sheave 13, and the main ropes
15 are horizontal or generally horizontal from the deflect-
ing pulleys 21 toward the connecting rods 23. For this
reason, the connecting rods 23 can also be disposed
horizontally or generally horizontally inside the upper
beam 10.

[0021] Consequently, the connecting rods 23 do not
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project upward from the upper beam 10, and it is not
necessary to ensure space for disposal of the connecting
rods 23 above the upper beam 10. Thus, overhead di-
mensions in the hoistway can be reduced, thereby ena-
bling vertical dimensions of the entire hoistway 1 to be
reduced. Because the car 2 and the counterweight 3 are
suspended using a one-to-one (1:1) roping method, the
overall configuration can be simplified.

[0022] Because all of the deflecting pulleys 21 are dis-
posed coaxially, the number of parts can be reduced.
In addition, since the deflecting pulleys 21 are rotatable
around the shaft 22, the main ropes 15 can be prevented
from sliding along outer peripheries of the deflecting pul-
leys 21, enabling deterioration of the main ropes 15 due
to abrasion to be prevented.

Because the main ropes 15 are distributed as uniformly
as possible toward two sides in the width direction of the
car 2, eccentric loads from the main ropes 15 can be
prevented from acting on the car 2, enabling the car 2 to
be raised and lowered stably.

Embodiment 2

[0023] Next, Figure 5 is a plan showing a rope end
connecting apparatus of an elevator apparatus according
to Embodiment 2 of the present invention, and Figure 6
is a cross section taken along line VI - VI in Figure 5. An
upper beam 31 is disposed on an upper portion of a car
2 (see Figure 1). The upper beam 31 has a pair of upper
beam side surface portions 31a and 31b. The upper
beam side surface portions 31a and 31b are disposed
parallel to each other so as to be spaced apart from each
other. The upper beam side surface portions 31a and
31b are disposed horizontally so as to be parallel to a
width direction of the car 2.

[0024] A pair of flat rod connecting portions 32a and
32b are fixed between the upper beam side surface por-
tions 31aand 31b so as to face each other and be spaced
apart from each other. The rod connecting portions 32a
and 32b are disposed so as to be symmetrical or gener-
ally symmetrical relative to center in the width direction
of the car 2. The rod connecting portions 32a and 32b
are constituted by metal plates welded between the up-
per beam side surface portions 31aand 31b, forexample.
[0025] A cylindrical deflecting member 33 is disposed
at a central portion in a longitudinal direction of the upper
beam 31. The deflecting member 33 is fixed to the upper
beam 31. The deflecting pulleys 21 according to Embod-
iment 1 were rotatable, but the deflecting member 33
according to Embodiment 2 is unrotatable.

[0026] Car end portions 15a of main ropes 15 are
wound around the deflecting member 33. A plurality of
rope grooves into which the main ropes 15 are inserted
are disposed on an outer periphery of the deflecting mem-
ber 33. Orientations of the car end portions 15a of the
main ropes 15 are deflected by 90 degrees or generally
by 90 degrees as they wind around the deflecting mem-
ber 33.

10

15

20

25

30

35

40

45

50

55

[0027] A lower portion of the deflecting member 33 is
disposed inside the upper beam 31, in other words, be-
tween the upper beam side surface portions 31a and
31b. A metal connecting rod 23 is connected by fastening
to the car end portion 15a of each of the main ropes 15.
Each of the connecting rods 23 passes through one of
the rod connecting portions 32a and 32b. The connecting
rods 23 are disposed inside the upper beam 31. The con-
necting rods 23 are also disposed horizontally or gener-
ally horizontally in the longitudinal direction of the upper
beam 31.

[0028] Nuts 34 for preventing dislodging of the con-
necting rods 23 from the rod connecting portions 32a and
32b are screwed onto end portions of the connecting rods
23 on an opposite side from the main ropes 15. Tension
from the main ropes 15 acting on the connecting rods 23
is borne by the rod connecting portions 32a and 32b
through the nuts 34.

[0029] A rope end connecting apparatus 35 according
to Embodiment 2 includes the deflecting member 33, the
connecting rods 23, and the nuts 34. The main ropes 15
are connected to the upper beam 31 by the rope end
connecting apparatus 35. The car end portions 15a of
the main ropes 15 are distributed alternately toward two
sides in the width direction of the car 2 by the deflecting
member 33. A drive sheave 13 is also divided in two
axially. Specifically, the drive sheave 13 has a first
sheave portion 13a and a second sheave portion 13b.
The rest of the configuration is similar to that of Embod-
iment 1.

[0030] If the connecting rods 23 are connected to the
upper beam 31 without using springs in this manner, the
deflecting member 33 may also be unrotatable. All of the
main ropes 15 can thereby be wound around a shared
deflecting member 33, enabling the number of parts to
be reduced and also enabling costs to be reduced.
[0031] Reductions in overall size and weight of the
drive sheave 13 can be made by dividing the drive sheave
13 into the first and second sheave portions 13a and 13b
if the main ropes 15 rise up from two sides of the deflect-
ing member 33.

Embodiment 3

[0032] Next, Figure 7 is a plan showing a rope end
connecting apparatus of an elevator apparatus according
to Embodiment 3 of the present invention, and Figure 8
is a cross section taken along line VIII - VIl in Figure 7.
In this example, a plurality (a pair) of cylindrical deflecting
members 36 and 37 are fixed to an upper beam 31. Main
ropes 15 are wound around the deflecting members 36
and 37 so as to be distributed between them. The rest
of the configuration is similar to that of Embodiment 2.

[0033] By using the deflecting members 36 and 37 in
this manner, it is not necessary to divide the drive sheave
13 because the main ropes 15rise up together from close
positions between the deflecting members 36 and 37,
enabling a normal drive sheave 13 to be used. Because
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the number of main ropes 15 wound around each of the
deflecting members 3 6 and 37 is reduced compared to
Embodiment 2, axial dimensions of each of the deflecting
members 36 and 37 can be made smaller than that of
the deflecting member 33 according to Embodiment 2,
enabling the deflecting members 36 and 37 to be easily
disposed inside the upper beam 31.

Embodiment 4

[0034] Figure 9is a plan showing a rope end connect-
ing apparatus of an elevator apparatus according to Em-
bodiment 4 of the present invention, and Figure 10 is a
cross section taken along line X - X in Figure 9. In this
example, a plurality of cylindrical deflecting members
(equal in number to main ropes 15), i.e., first through
fourth deflecting members 41 through 44, are fixed to an
upper beam 31. The first deflecting member 41 and the
second deflecting member 42 may be configured as an
integrated part or may be configured as separate parts.
Similarly, the third deflecting member 43 and the fourth
deflecting member 44 may be configured as an integrat-
ed part or may be configured as separate parts.

[0035] A corresponding mainrope 15 is wound around
each of the deflectingmembers 41 through 44. Diameters
(radii and radii of curvature of outer peripheral surfaces)
of the deflecting members 41 through 44 are equal to
each other. Positions of central axes of the first deflecting
member 41 and the second deflecting member 42 are
offset from each other such that rising positions of the
main ropes 15 are offset. In addition, positions of central
axes of the third deflecting member 43 and the fourth
deflecting member 44 are also offset from each other.
[0036] Using offset deflecting members 41 through 44
of this kind, the main ropes 15 can be raised at appro-
priate positions relative to rope grooves of a drive sheave
13 positioned directly above the deflecting members 41
through 44, enabling fleet angles of the main ropes 15
to be reduced (to less than or equal to 2.5 degrees, for
example). Thus, it is no longer necessary for the drive
sheave 13 to be disposed in a high position just to reduce
the fleet angles, enabling the overhead dimensions to be
further reduced.

Embodiment 5

[0037] Next, Figure 11 is a plan showing a rope end
connecting apparatus of an elevator apparatus according
to Embodiment 5 of the present invention, and Figure 12
is a cross section taken along line XIl- Xll in Figure 11.
In this example, a plurality of cylindrical deflecting mem-
bers (equal in number to mainropes 15), i.e., first through
fourth deflecting members 45 through 48, are fixed to an
upper beam 31. The first deflecting member 45 and the
second deflecting member 46 may be configured as an
integrated part or may be configured as separate parts.
Similarly, the third deflecting member 47 and the fourth
deflecting member 48 may be configured as an integrat-
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ed part or may be configured as separate parts.

[0038] A corresponding main rope 15 is wound around
each of the deflectingmembers 45 through 48. Diameters
(radii and radii of curvature of outer peripheral surfaces)
of the first and third deflecting members 45 and 47 are
equal to each other. Diameters of the second and fourth
deflecting members 46 and 48 are equal to each other.
In addition, the diameters of the second and the fourth
deflecting member 46 and 48 are smaller than the diam-
eters of the first and the third deflecting member 45 and
47.

[0039] The first deflecting member 45 and the second
deflecting member 46 are disposed coaxially. The third
deflecting member 47 and the fourth deflecting member
48 are also disposed coaxially.

[0040] A corresponding main rope 15 is wound around
each of the deflecting members 45 through 48. The di-
ameters of the first deflecting member 45 and the second
deflecting member 46 differ from each other such that
rising positions of the main ropes 15 are offset. In addi-
tion, the diameters of the third deflecting member 47 and
the fourth deflecting member 48 also differ from each
other.

[0041] Using stepped deflecting members 45 through
48 of this kind, the main ropes 15 can be raised at ap-
propriate positions relative to rope grooves of a drive
sheave 13 positioned directly above the deflecting mem-
bers 45 through 48, enabling fleet angles of the main
ropes 15 to be reduced (to less than or equal to 2.5 de-
grees, for example). Thus, it is no longer necessary for
the drive sheave 13 to be disposed in a high position just
to reduce the fleet angles, enabling the overhead dimen-
sions to be further reduced.

Embodiment 6

[0042] Next, Figure 13 is a plan showing a rope end
connecting apparatus of an elevator apparatus according
to Embodiment 6 of the present invention, and Figure 14
is a cross section taken along line X1V - XIV in Figure 13.
In this example, springs (compression springs) 24 are
disposed between end portions of connecting rods 23 on
an opposite side from main ropes 15 and rod connecting
portions 10b and 10c in a similar manner to Embodiment
1. Deflecting members 36 and 37 are disposed on an
upper beam 31 so as to be rotatable around horizontal
shafts 49 and 50. The shafts 49 and 50 are disposed
parallel to a depth direction of a car 2 (see Figure 1).
Bearings (not shown) for the deflecting members 36 and
37 are disposed between the shafts 49 and 50 and the
deflecting members 36 and 37.

[0043] Inarope end connecting apparatus of this kind,
because the springs 24 expand and contract together
with expansion and contraction of the main ropes 15, and
the deflecting members 36 and 37 rotate even if the main
ropes 15 move, the main ropes 15 do not slide relative
to the deflecting members 36 and 37, enabling extension
of service life of the main ropes 15.
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Embodiment 7

[0044] Next, Figure 15is a plan showing part of a rope
end connecting apparatus of an elevator apparatus ac-
cording to Embodiment 7 of the present invention. In this
example, connecting rods 23 are connected to rod con-
necting portions 32a and 32b so as to be inclined. In other
words, contact angles of main ropes 15 relative to a first
deflecting member 36 differ from each other. Although
not shown, contact angles of main ropes 15 relative to a
second deflecting member 37 also differ from each other.
The rest of the configuration is similar to that of Embod-
iment 6.

[0045] Inarope end connecting apparatus of this kind,
because car end portions 15a are led out from the de-
flecting members 36 and 37 at different angles from each
other, positions at which the connecting rods 23 are con-
nected to the rod connecting portions 32a and 32b can
be offset vertically, enabling a plurality of connecting rods
23 to be connected efficiently inside the narrow rod con-
necting portions 32a and 32b.

[0046] Moreover, a deflecting member does not need
to have a cylindrical shape if it is unrotatable, and may
also have a curved surface only on a portion around
which a main rope is wound.

In the above examples, rope end connecting apparatus-
es for connecting a car end portion to an upper beam are
shown, but the present invention may also be applied to
rope end connecting apparatuses for connecting a coun-
terweight end portion to an upper portion of a counter-
weight.

In addition, in the above examples, a counterweight is
disposed behind a car, but a counterweight may also be
disposed beside a car so as to face a side surface of the
car when positioned level with the car.

In the above examples, a driving machine is disposed in
an upper portion inside a hoistway, but a driving machine
may also be disposed in a machine room in an upper
portion of a hoistway.

Claims
1. An elevator apparatus comprising:

a car having a cage and an upper beam dis-
posed above the cage, the car being raised and
lowered inside a hoistway;

a main rope body for suspending the car inside
the hoistway; and

arope end connecting apparatus for connecting
the main rope body to the upper beam,

wherein the rope end connecting apparatus has:
a deflecting member around which the main

rope body is wound, the deflecting member
changing orientation of an end portion of the
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main rope body; and

a connecting rod disposed inside the upper
beam, the connecting rod being connected be-
tween the end portion of the main rope body and
the upper beam.

The elevator apparatus according to Claim 1, where-
in:

the connecting rod is connected to the upper
beam by means of a spring; and

the deflecting member is rotatable around a hor-
izontal rotating shaft.

The elevator apparatus according to Claim 2, where-
in:

the main rope body includes a plurality of main
ropes; and

the deflecting member includes a plurality of in-
dependently rotatable deflection pulleys around
which the main ropes are respectively wound.

The elevator apparatus according to Claim 1, where-
in:

the main rope body includes a plurality of main
ropes; and

the main ropes are distributed toward two lon-
gitudinal ends of the upper beam by the deflect-
ing member.

The elevator apparatus according to Claim 4, where-
inthe mainropes are distributed by changing winding
directions on the deflecting member.

The elevator apparatus according to Claim 1, where-
in:

the main rope body includes a plurality of main
ropes; and

the deflecting member is configured such that
rising positions of the main ropes are offset.
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FIG. 7
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