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Description

Technical Field

[0001] The present invention relates to elevator sys-
tems, and more particularly to elevator systems that use
machines with rotors having permanent magnets.

Background of the Invention

[0002] A typical traction elevator system includes a
car and a counterweight disposed in a hoistway, a plu-
rality of ropes that interconnect the car and counter-
weight, and a machine having a traction sheave en-
gaged with the ropes. The ropes, and thereby the car
and counterweight, are driven by rotation of the traction
sheave. The machine, and its associated electronic
equipment, along with peripheral elevator components,
such as a governor, are housed in a machineroom lo-
cated above the hoistway.
[0003] A recent trend in the elevator industry is to
eliminate the machineroom and locate the various ele-
vator equipment and components in the hoistway. An
example is JP 4-50297, which discloses the use of a
machine located between the car travel space and a wall
of the hoistway. Another example is US Patent 5,
429,211, which discloses the use of a machine located
in the same position but having a motor with a disc-type
rotor. This configuration makes use of the flatness of
such a machine to minimize the space needed for the
machine in the hoistway. This machine disclosed also
makes use of permanent magnets in the rotor in order
to improve the efficiency of the machine. These types
of machines, however, are limited to relatively low duties
and low speeds.
[0004] One possible solution to apply such machines
to higher duty load elevator systems or higher speed
systems is to increase the diameter of the rotor. This
solution is not practical, however, due to the space con-
straints of the hoistway. Another solution, disclosed in
PCT Application PCT/FI98/00056, is to use a machine
with two motors and a traction sheave sandwiched be-
tween the two motors. This solution, however, also ex-
ceeds the space limitations of the hoistway and requires
the provision of a separate machineroom above the
hoistway to house the machine.
[0005] The above art notwithstanding, scientists and
engineers under the direction of Applicants' Assignee
are working to develop elevator systems that efficiently
utilize the available space and meet the duty load and
speed requirements over a broad range of elevator ap-
plications.

Disclosure of the Invention

[0006] According to the present invention, an elevator
system includes a machine having a rotor including per-
manent magnets and a flat rope engaged with the ma-

chine.
[0007] Flat rope, as used herein, is defined to include
ropes having an aspect ratio, defined as the ratio of
width w relative to thickness t, substantially greater than
one. A more detailed description of an example of such
ropes is included in commonly owned co-pending US
Patent Application Serial Number 09/031,108, entitled
"Tension Member for an Elevator", filed February 2,
1998, which is incorporated herein by reference.
[0008] An advantage of the present invention is the
size of the machine required to meet duty load and
speed requirements. The combination of the improved
efficiency of the machine and the torque reduction pro-
vided by the flat rope result in a very compact machine
that can be fit within the space constraints of a hoistway
without adversely affecting the performance of the ele-
vator system. This permits the machine to be located in
positions that were previously impractical.
[0009] Another advantage is a reduction in the energy
consumption of the elevator system using the present
invention. The flat rope results in an engagement sur-
face, defined by the width dimension, that is optimized
to distribute the rope pressure. Therefore, the maximum
pressure is minimized within the rope. In addition, by in-
creasing the aspect ratio relative to a round rope, which
has an aspect ratio substantially equal to one, the thick-
ness of the rope may be reduced while maintaining a
constant cross-sectional area of the rope. Minimizing
the thickness of the rope results in a smaller diameter
traction sheave, which in turn reduces the torque on the
machine decreases the size of the motor and may elim-
inate the need for gearing. In addition, the smaller diam-
eter of the sheave results in an increased rotational
speed of the motor, which further increases the efficien-
cy of the machine.
[0010] In a particular embodiment, the permanent
magnet machine is combined with a flat rope that in-
cludes a plurality of load-carrying members and a
sheath that surrounds the load-carrying members and
is formed from polyurethane. In one configuration, the
load-carrying members are formed from an aramid ma-
terial that produces a high strength, lightweight rope with
enhanced flexibility, as compared to conventional round
steel ropes. In another configuration, the load-carrying
members are steel cords formed from very thin wires,
with the wires having diameter of .25 mm or less. The
use of a sheath formed from polyurethane permits the
outer surface of the rope to be optimized for traction.
[0011] An advantage of this particular embodiment is
the minimal risk of heat damage to the sheath and the
load-carrying members of the rope due to use of a ma-
chine having a rotor with permanent magnets. In a con-
ventional induction motor, much of the heat losses are
in the rotor. This heat loss is conducted directly to the
ropes through the sheave. For ropes formed from ma-
terials other than steel, which are more temperature
sensitive, exposure to such a heat source may lead to
degradation of the rope. By using a machine having a
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rotor with permanent magnets, however, the principle
source of heat loss is through the stator and not through
the rotor. Therefore, since there is no direct path be-
tween the stator and the ropes, the ropes are not ex-
posed to the primary source of heat and the risk of heat
related degradation of the materials of the rope is mini-
mized. In addition, the increased efficiency of the per-
manent magnet machine reduces the total heat gener-
ated and therefore further reduces the heating of the
ropes.
[0012] The foregoing and other objects, features and
advantages of the present invention become more ap-
parent in light of the following detailed description of the
exemplary embodiments thereof, as illustrated in the ac-
companying drawings.

Brief Description of the Drawings

[0013]

Figure 1 is a perspective view of an elevator system
according to the present invention.
Figure 2 is a perspective view of an alternate em-
bodiment of the present invention.
Figure 3 is a sectioned side view of a machine and
ropes used in the embodiments of Figures 1 and 2.
Figure 4 is an illustration of another embodiment of
the present invention.
Figure 5 is a sectioned top view of a machine used
in the embodiment of Figure 4.

Best Mode for Carrying Out the Invention

[0014] Illustrated in Figure 1 is an elevator system 10
according to the present invention. The elevator system
10 includes a car 12, a pair of car guide rails 14, a coun-
terweight 16, a pair of counterweight guide rails 18, a
plurality of ropes 20 interconnecting the car 12 and
counterweight, and a traction machine 22 engaged with
the ropes 20. The car 12 and counterweight 16 are in-
terconnected to move concurrently and in opposite di-
rections within a hoistway 23.
[0015] The car 12 includes a frame 24 and a pair of
diverter sheaves 26 (only one of which is shown in Fig-
ure 1) disposed on opposite sides of the underside of
the car frame 24. The diverter sheaves 26 define an en-
gagement means between the car 12 and ropes 20 and
permit the ropes 20 to pass underneath the car 12 such
that the car 12 is underslung.
[0016] The counterweight 16 includes a diverter
sheave 28 disposed on the top of the counterweight 16.
This diverter sheave 28 defines an engagement means
between the counterweight 16 and ropes 20. As a result
of the roping arrangement shown in Figure 1, both the
car 12 and counterweight 16 are roped in a 2:1 arrange-
ment relative to the machine 22.
[0017] The machine 22 is located between the travel
path of the car 12 and a wall 30 of the hoistway 23. The

machine 22 is illustrated in more detail in Figure 3. The
machine 22 includes a motor 32 having a shaft 34 and
a traction sheave 36. The motor 32 includes a frame 38,
bearings 40, a stator 42 and a rotor 44. The traction
sheave 36 is disposed on the end of the shaft 34 and
defines an engagement surface 46 for the ropes 20. The
rotor 44 is disposed in a fixed relationship to the shaft
34 and includes a plurality of permanent magnets 48 dis-
posed radially inward of the stator 42 such that a radial
air gap 50 is defined between the rotor 44 and stator 42.
The use of permanent magnets 48 increases the effi-
ciency and minimizes the size of the motor 32.
[0018] The ropes 20 interconnecting the car 12 and
counterweight 16 are flexible flat ropes. As shown in Fig-
ure 3, there are three separate flat ropes 20 engaged
with the machine 22. Each flat rope 20 includes a plu-
rality of load-carrying members 52 encompassed by a
sheath 54. The plurality of load-carrying members 52
support the tension loads in the ropes 20. The sheath
54 provides a retention layer for the load-carrying mem-
bers 52 while also defining an engagement surface 56
for the flat rope 20. Traction between the flat rope 20
and the machine 22 is the result of the interaction be-
tween the engagement surface 56 of the ropes 20 and
the complementary engagement surface 46 of the ma-
chine 22. Although shown in Figure 3 as having three
flat ropes 20, each having four load-carrying members
52, it should be noted that different numbers of flat ropes
and different numbers of load-carrying members within
each rope may be used, such as an embodiment having
a single flat rope or a flat rope having a single load-car-
rying member.
[0019] A suggested material for the load-carrying
members is an aramid material, such as that sold by Du-
Pont under the name of KEVLAR. Such materials pro-
vide the advantages of having high tensile strength and
being lightweight relative to conventional materials,
such as steel. As an alternative, the load-carrying mem-
ber may be formed from steel cord. In order to provide
sufficient flexibility in the rope, it is suggested to form
the cord from steel wires or fibers having diameters of .
025 mm or less.
[0020] A suggested material for the sheath is poly-
urethane. Polyurethane provides the durability required
while also enhancing the traction between the flat rope
and the machine. Although this material is suggested,
other materials may also be used. For instance, a
sheath formed from neoprene or rubber may be used.
[0021] The use of flexible, flat ropes 20 minimizes the
size of the traction sheave 36 and thereby minimizes the
torque on the motor 32 and increases the rotational
speed of the motor 32. By combining these character-
istics of the flat ropes 20 with the characteristics of the
permanent magnet machine 22, the motor 32 size is fur-
ther reduced and the machine 22 can be fit within the
space available between the car 12 and hoistway wall
30. Another advantage is that the higher rotational
speeds further increases the efficiency of the motor 32
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and may eliminate the need for a gear box.
[0022] The use of a rotor 44 having permanent mag-
nets 48 also reduces the amount of heat loss through
the rotor 44 as compared to conventional induction mo-
tors. As shown in Figure 3, the rotor 44, traction sheave
36 and ropes 20 are in direct contact. This direct contact
results in heat generated in the rotor 44 being conducted
to the ropes 20. For conventional induction motors, the
rotor accounts for approximately one-third of the heat
loss. However, for rotors using permanent magnets, the
heat loss through the rotor is minimal and the primary
source of heat loss in such motors is through the stator.
As shown in Figure 3, in embodiments according to the
present invention there is no direct path between the
stator 42 and the ropes 20. Therefore, the effects on the
ropes 20 of the heat loss of the motor 22 is minimized.
This is especially significant for ropes having a sheath
formed from non-metallic materials, such as poly-
urethane, that are more susceptible to heat degradation
than steel.
[0023] The elevator system 10 illustrated in Figure 1
includes an underslung car 12. Figure 2 illustrates an-
other embodiment. In this embodiment, a car 57 in-
cludes a pair of diverter sheaves 58 located on the top
of the car 57 in a manner known as overslung. In con-
ventional elevator systems, overslung roping arrange-
ments are less desirable in some applications due to the
need to provide additional overhead space for the ele-
vator system. This is especially significant if the machine
is located in the hoistway. In the configuration shown in
Figure 2, however, the effects of an overslung car 57 are
minimized as a result of the small machine and small
sheaves that may be used with the present invention.
Therefore, an overslung car 57 using Applicants' inven-
tion requires less overhead space and is more practical.
[0024] In another alternative (not shown), the car may
be directly roped to the machine such that no sheaves
are required on the car. In addition, although it is not
illustrated, the machine may be located above the car
travel path. Although in this particular embodiment an
allowance will have to be made for the space required
in the overhead for the machine, the combination of a
permanent magnet machine and flexible flat ropes will
minimize this space allowance.
[0025] Although illustrated in Figures 1-3 as an eleva-
tor system having a cylindrically shaped machine having
a radially oriented air gap, other types of machines may
also be used with the present invention. One such em-
bodiment is illustrated in Figures 4 and 5. In this embod-
iment, the elevator system 70 includes a car 72, a coun-
terweight 74, a pair of guide rails 76 for the car 72 and
counterweight 74, a machine 78 disposed between the
car 72 and a wall 80 of the hoistway, and a plurality of
flat ropes 82 interconnecting the car 72 and counter-
weight 74.
[0026] The machine 78 and ropes 82 are illustrated in
more detail in Figure 5. The machine 78 includes a mo-
tor 84 and a traction sheave 86. The motor 84 includes

a frame 88, a stator 90 and a rotor 92. The rotor 92 is a
disc-type rotor 92 that produces a relatively flat machine
78. A plurality of permanent magnets 94 are circumfer-
entially spaced about the axis 96 of the machine 78 and
axially spaced from the stator 90 such that an axial air
gap 98 between the rotor 92 and stator 90 is defined.
The traction sheave 86 is integral to the rotor 92 and
includes an engagement surface 100 for the plurality of
ropes 82. The plurality of ropes 82 are similar to those
described with respect to the embodiment of Figures
1-3.
[0027] The embodiment of Figures 4 and 5 has the
same advantages as discussed previously for the em-
bodiment of Figures 1-3. In addition, the application of
flat ropes 82 to the disc-type machine 78 of Figure 5 will
result in minimizing the diameter of the rotor 92 and sta-
tor 90, thereby making this configuration applicable to a
wider range of elevator applications.
[0028] The embodiments illustrated in Figures 1-5
were all elevator systems having gearless machines. Al-
though the invention is particularly advantageous in that
it extends the range of usefulness of gearless machines,
it should be noted that the invention may also be used
with geared machines in particular applications. In ad-
dition, although shown in figure 3 as having a rotor ra-
dially inward of the stator, it should be apparent to those
skilled in the art that the relative positions of the rotor
and stator may be switched.
[0029] Although the invention has been shown and
described with respect to exemplary embodiments
thereof, it should be understood by those skilled in the
art that various changes, omissions, and additions may
be made thereto, without departing from the spirit and
scope of the invention.

Claims

1. An elevator system (10) having a car (12;72) dis-
posed within a hoistway (23), the elevator system
including:

a rope (20;82) engaged with the car, the rope
including a load-carrying member (52) and a
sheath (54), wherein the sheath is formed from
a non-metallic material; and
a machine (78;22) including a traction sheave
(36;86) and a rotor (44;92), the traction sheave
(36;86) being directly connected with the rotor
(44;92) for concurrent rotation and engaged
with the rope (20;82) to drive the rope through
traction between the rope and traction sheave,
and thereby drive the car (12) through the hoist-
way (23), wherein the rotor (44;92) is formed in
part from permanent magnets (48;94).

2. The elevator system (10) according to claim 1,
wherein the sheath (54) is formed from a poly-
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urethane material.

3. The elevator system according to claim 1 or 2,
wherein the rope (20;82) includes one or more load-
carrying members (52), and wherein the load-car-
rying members are formed from a non-metallic ma-
terial.

4. The elevator system according to claim 3, wherein
the load-carrying members (52) are formed from ar-
amid material.

5. The elevator system according to claim 1 or 2,
wherein the rope (20;82) includes one or more load-
carrying members, and wherein the load-carrying
members (52) are formed from steel.

6. The elevator system according to claim 5, wherein
the load-carrying members (52) are formed from
steel wires having a diameter of 0.25 mm or less.

7. The elevator system (10) according to any preced-
ing claim, wherein the machine (22;78) is gearless.

8. The elevator system (10) according to any preced-
ing claim, wherein the machine (22) is disposed be-
tween the travel space of the car (12) and a wall of
the hoistway (30).

9. The elevator system (10) according to any preced-
ing claim, wherein the rope (20;82) is engaged with
a pair of sheaves (26) disposed on the car (12) such
that the rope (20;82) passes underneath the car.

10. The elevator system (10) according to any of claims
1 to 8, wherein the rope (20;82) is engaged with a
sheave (58) disposed on the top of the car.
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