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Abstract

A traction drive for an elevator comprises a sheave 5 for actuating a transmission means of 

the elevator and a synchronous motor, said synchronous motor comprising a stator 1 with

5 at least one winding for generating a magnetic field rotating around a motor axis and a 

rotor 3 comprising at least one permanent magnet 7, said rotor being coupled to said 

sheave for transmitting a torque. According to the present invention said permanent 

magnet 7 is longer in the motor axis direction than the stator core and/or said rotor is 

composed from a plurality of separate permanent magnets 7 and separate magnetic sectors

10 6 provided alternating in a circumferential direction perpendicular to the motor axis to

concentrate the magnetic flux in axial and/or radial direction.

Fig. 1
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The following statement is a full description of this invention, including the best method of 
performing it known to us:
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11 TRACTION DRIVE FOR ELEVATOR

FIELD OF THE INVENTION

The present invention relates to a traction drive for an elevator with a

sheave actuating a transmission means of the elevator and a synchronous

5 permanent magnet motor coupled to the sheave.

BACKGROUND OF THE INVENTION

Synchronous motors with permanent magnet rotors can be used in a 

traction drive for an elevator. In such motors, a stator (or armature) comprises 

10 one or more windings for generating a rotating magnetic field around a motor 

axis. This magnetic field interacts with the magnetic field produced by one or 

more permanent magnets provided on a rotor that is accommodated inside the 

stator bore, thereby rotating the rotor.

U.S. 6,822,359 B2 discloses a rotor for a synchronous motor wherein the

15 permanent magnets are arranged on the rotor's circumferential surface. However, 

these permanent magnets must have a high flux density to generate the 

necessary torques to lift an elevator's cabin. Such permanent magnets with high 

flux density, made from sintered Rare Earth materials for example, are expensive, 

thereby increasing the overall costs for the traction drive. Moreover, if the flux 

20 density of such external permanent magnets is too small, these magnets cannot 

resist current overloads within the stator's windings without loosing their magnetic 

characteristic.

U.S. 5,697,848 or U.S. 2005/0168089, A1 describe placing the permanent 

magnets within the rotor itself. Thereby, rotor material adjacent to the permanent 

25 magnets increases the magnetic flux in radial direction, allowing use of magnets 

with lower flux density that furthermore can resist current overloads without losing 

their magnetic characteristic.

However, to generate sufficient torques with such low flux density 

magnets, these permanent magnets must have a larger volume. Since the 

30 permanent magnets are inserted into a rotor core from the outer rotor diameter, 

these magnets must be small in a direction perpendicular to the median plane 

(circumferential). Thus, in order to realize the necessary volume, these magnets 

at the same time must be large in a radial direction that results in large rotor
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1 diameters, thereby increasing the overall size of the traction drive. This is 

disadvantageously in particular with elevators with small or none machinery room.

As a result, providing said permanent magnets within a rotor core, that is 

assembled on a shaft for torque transmission, presents difficulties in 

5 manufacturing, limits the size and thereby the magnetic flux of the such- 

integrated permanent magnets and increases the rotor diameter due to the 

separated rotor core.

There is consequently a need for a traction drive that attempts to address 

one or more of the foregoing disadvantages of the art.

10 Therefore, it is an object of the present invention to provide a traction drive

for an elevator, which is sufficiently small in size but at the same time does not 

require expensive permanent magnets with high flux density.

SUMMARY OF THE INVENTION

15 A traction drive for an elevator according to the present invention has a

sheave for actuating as a transmission means of the elevator, and a synchronous 

motor coupled to the sheave. Said synchronous motor has a stator with one or 

more windings for generating a rotating magnetic field around a motor axis, and a 

rotor having at least one permanent magnet.

20 According to a first aspect of the present invention, said at [east one

permanent magnet is longer in the motor axis direction than in the stator core. 

Thereby, the magnetic flux B of the permanent magnet is concentrated in axial 

direction toward the stator core, thus increasing the magnetic flux usable for 

torque generation advantageously.

25 Assume, for purpose of explanation only, that the permanent magnet is a

bar that extends substantially in the motor axis’ direction with the magnet's north­

south pole axis being orientated perpendicular to the motor axis. Then the 

magnetic field lines of such permanent magnet basically run in planes 

perpendicular to the motor axis. However, at the axial ends of such bar-like

30 permanent magnet, the magnetic field lines are spread into a semi-sphere. Thus, 

the magnetic flux at these axial ends is reduced.
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According to the first aspect of the present invention, by extending the permanent 

magnet beyond the stator core , i.e. by locating these axial ends and their reduced magnetic 

flux at the outside of the stator core , the inside magnetic flux between permanent magnet 

and stator core substantially results in a homogeneous magnetic field lines perpendicular 

5 to the motor axis. Therefore, by choosing the permanent magnet’s length larger than the 

stator core length, the magnetic flux is concentrated in axial direction.

This effect is even amplified by another effect: since the magnetic field from permanent 

magnets cross the air gap toward the stator core, these magnetic field lines are additionally 

10 concentrated in radial direction from the axial ends of the permanent magnet.

Due to the such-concentrated magnetic flux, permanent magnets with a low flux density 

can be used, thereby decreasing the overall costs of the traction drive advantageously. At 

the same time, due to the concentrated magnetic flux, sufficient motor torques can be

15 generated. As a result, also permanent magnets, which are smaller in radial direction and 

thereby decrease the rotor diameter can be used, still generating a sufficient motor torque.

According to a second aspect of the present invention, the rotor is composed from a 

plurality of separate permanent magnets and separate magnetic sectors provided alternating 

20 in a plane perpendicular to the motor axis. This results in a very compact rotor of small 

size, since the permanent magnets form part of the rotor and no separate rotor core is 

necessary. Instead, the rotor core forms the shaft itself. Such a traction drive is particular 

useful for elevator systems where no separate machinery room is provided.

25 In a traction drive according to the second aspect of the present invention, permanent 

magnets, which can be larger in circumferential direction and thereby have larger volumes, 

resulting in an increased magnetic flux, can easily be integrated into the rotor, thus 

compensating their low flux density. In contrast to conventional synchronous permanent 

motors with internal permanent magnets, with the second aspect of the present invention

30 the permanent magnets are not inserted from the outside, but assembled together with the 
separate magnetic sectors to compose the rotor. This allows providing permanent magnets 

with larger circumferential dimensions. As a result, a sufficient magnetic flux defined by
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the product of the lower magnetic flux density and the larger volume of the permanent 

magnets can be realized although the rotor diameter is kept small.

Also this effect is amplified by another effect: the magnetic sectors concentrate the

5 magnetic flux of the adjacent permanent magnets in radial direction, thereby yet increasing 

the effective magnetic flux generating the motor torque. Thereto, the magnetic sectors 

preferably are made from ferromagnetic material, whose permeability is significantly 

greater than one (μΓ» 1) like for example steel or the like, or from paramagnetic material, 

whose permeability is equal or greater than one (μΓ > 1) like for example aluminum alloy 

10 or the like.

In a preferred embodiment, both aspects of the present invention are superposed. By 

providing a rotor with one or more permanent magnets which are longer in the motor axis 

direction than the stator core , thereby concentrating the magnetic flux in axial direction, 

15 and with separate magnetic sectors arranged adjacent to these permanent magnets, thereby 

additionally concentrating the magnetic flux in the radial direction perpendicular to the 

motor axis, permanent magnets with a low flux density may be used. Therefore, 

sufficiently high motor torques can be generated with less costly and more robust magnets. 

Moreover, the magnetic sectors increase the permanent magnets’ capability of enduring

20 current overloads in the stator windings. Furthermore, small rotor diameters can be 

realized, thus reducing the overall size of the traction drive. Moreover, such rotors can be 

manufactured easily, still allowing to integrate permanent magnets with large 

circumferential dimensions.

25 As a result, permanent magnets with low flux density (which are cheap) and small radial 

dimensions (reducing the rotor diameter) can generate sufficient magnetic flux due to the 

radial and axial flux concentration and, preferably, the larger circumferential dimensions of 

the permanent magnets.

30 In particular the permanent magnets may be made from Ferrite or a Rare Earth Element, 

bonded with polymers.
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In a preferred embodiment of the present invention the magnetic sectors are made of 

ferromagnetic or paramagnetic sheets, fixed to one another constantly. The sheets may be 

fixed to one another by any suitable technique, in particular by welding, bonding, sintering, 

moulding or by an adhesive. Alternatively, such sheets may be fixed to one another by

5 holding means like bands, screws or the like. Thus, lightweight magnetic sectors of 

arbitrary design can be manufactured. In particular, the magnetic sectors may be of cake­

slice form, thus forming a substantially cylindrical rotor when assembled with one another.

The permanent magnets and magnetic sectors may be detachably fixed to one another

10 by holding means. In a preferred embodiment, these holding means are made from a non­

magnetic material. Holding means may comprise bands wound around the magnetic 

sectors and permanent magnets and/or axial end plates to which the magnetic sectors 

and/or permanent magnets are fixed, for example by screws or elastic notches. Thereby 

single magnetic sensors or permanent magnets may be replaced easily, thus improving

15 maintenance. Alternatively, the permanent magnets and magnetic sectors may be fixed to 

one another constantly, in particular by welding, bonding, sintering, moulding or by an 

adhesive. With the permanent magnets and magnetic sectors being assembled together, 

either detachable or constantly, it is also possible to manufacture the rotors in a modular 

way. For example, if a lighter, cheaper rotor with less magnetic flux is required, one or

20 more of the permanent magnets may be replaced by non-magnetic dummies.

Thus, the rotor can be manufactured in a fast, cheap and simple way by just assembling 

the magnetic sectors and the permanent magnets and fixing them together. In a preferred 

embodiment, the magnetic sectors, when assembled together, form cavities

25 accommodating the permanent magnets, which thereby are securely fixed within the rotor.

In a preferred embodiment, the rotor and the sheave are coupled to one another by 

elastic means. Thus, no separate shaft is necessary to transmit the motor torque to the shaft. 

Furthermore, vibrations induced by the motor or the sheave can be damped. Yet

30 furthermore, a misalignment between the rotor axis and the sheave axis can be 

compensated. Moreover, variations of the motor torque can be absorbed without being 

transmitted directly upon the elevator cabin. Vice versa variations of the load upon the
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sheave do not directly act upon the synchronous motor, thereby protecting it from 

overload advantageously.

DESCRIPTION OF THE DRAWINGS

5 Fig. 1 shows a sectional view along the motor axis of a traction drive

according to one embodiment of the present invention.

Fig. 2 shows a sectional view of the rotor of the traction drive of FIG. 1 in a 

plane perpendicular to the motor axis.

Fig. 3 shows a perspective view of a magnetic sector of the rotor of FIG. 2. 

10

DESCRIPTION OF THE PREFERRED EMBODIMENTS

As shown in Fig. 1, a traction drive according to one embodiment of the 

present invention comprises a sheave 5 for applying a traction force upon a 

transmission means of an elevator (not shown). The traction drive may be 

15 installed within the elevator's passage itself or within a separate machinery room 

(also not shown).

A rotor 3 is coupled to said sheave 5 by elastic means 4. Said means may 

be made from any elastic material capable to transmit the motor torque. In 

particular said elastic means may be made from plastic or resin that 

20 advantageously may contain fibres (carbon or glass fibres for example) to 

reinforce the matrix material. In another embodiment, a metal plate may be 

shaped accordingly to provide the desired elastic characteristic.

Around said rotor 3 a stator 1 is provided accommodating the rotor along 

its axis. Said stator is composed from steel sheets provided with grooves for 

25 accommodating one or a plurality of windings constituting a plurality of coils (not 

shown). Advantageously, a conventional stator can be used in a traction drive 

according to one embodiment of the present invention.

The rotor structure may be seen best from Fig. 2, showing a sectional view 

perpendicular to the motor axis. As it is shown in Fig. 2 as an example, the rotor 3 

30 is
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composed from eight magnetic sectors 6 and eight permanent magnets 7 placed alternating

adjacent to one another in a circumferential direction. Therein, “N” and “S” denote a north

and south pole respectively of the single permanent magnets 7 which are orientated with

corresponding poles adjacent to one another.

5

As it can be seen from Fig. 3, each magnetic sector 6 has as substantially cake-slice 

section with a radially inner tapered end so that all magnetic elements 6 assembled together 

basically form a cylinder with a central axis aligned with the motor axis. The radially inner 

and outer ends of each magnetic sector 6 protrude in the circumferential direction, thus 

10 forming cavities in-between adjacent magnetic sectors that accommodate the substantially 

bar-like permanent magnets 7.

The magnetic sectors 6 are fixed to pot-like holding means 8 by screws at both axial 

ends. These holding means 8 are supported via bearings 9 by the motor housing (not 

15 shown). Thus, the complete rotor 3 is composed from the magnetic sectors 6 and the 

permanent magnets 7 without a separate motor shaft, thereby decreasing the rotor’s 

diameter while at the same time the volume of the permanent magnets 7 is such that also 

with low flux density magnets a sufficient motor torque can be generated. Moreover, the 

manufacturing of the complete rotor is cheap and simple, just requiring to fix the magnetic 

20 sectors 6 and permanent magnets 7 with one another, e.g. by holding plates 8 as shown in 

this embodiment. In another embodiment (not shown) the magnetic sectors 6 and 

permanent magnets 7 are fixed to one another by welding the magnetic sectors 6 together 

at their outer circumferential protrudings.

25 The magnetic sectors of this embodiment are made as one piece from a ferromagnetic 

material like steel. Thus they concentrate the magnetic flux 10 in radial direction as it is 

indicated in Fig. 2. Therefore, in spite of the small rotor diameter, sufficient motor torque 

can be generated with this traction drive. A similar but smaller effect applies with magnetic 

sectors made from paramagnetic material.

30
In an alternative embodiment (not shown) the magnetic sectors are composed from 

single sheets fixed to one another for example by welding. Thus, lightweight magnetic 

sectors can be provided, thereby reducing the overall weight of the traction drive.
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As shown in Fig. 1, the length of the permanent magnets in the motor axis’ direction is 

larger than the length of the stator 1 in the axial direction, i.e. the rotor protrudes beyond 

the stator. Thereby, the magnetic flux 11 is concentrated in the axial direction as indicated 

5 in Fig. 1.

With the magnetic flux 11 in the axial direction and the magnetic flux 10 in the radial 

direction thus concentrated by the permanent magnets’ dimensions and the adjacent 

magnetic sectors 6, the permanent magnets 7 can be made from a cheap material with low 

10 flux density like Ferrite, yet generating high motor torques and resisting current overloads.

One preferred embodiment of the present invention may be summarised as follows: a 

traction drive for an elevator comprises a sheave 5 for actuating a transmission means of 

the elevator and a synchronous motor, said synchronous motor comprising a stator 1 with 

15 at least one winding for generating a rotating magnetic field around a motor axis and a 

rotor 3 comprising at least one permanent magnet 7, said rotor being coupled to said 

sheave for transmitting a torque. According to the present invention said permanent 

magnet 7 is longer in the motor axis direction than the stator winding and/or said rotor is 

composed from a plurality of separate permanent magnets 7 and separate magnetic sectors 

20 6 provided alternating in a circumferential direction perpendicular to the motor axis to

concentrate the magnetic flux in axial and/or radial direction.
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1 THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A traction drive for an elevator, the traction drive including:

a sheave for actuating a transmission means of the elevator; and

a synchronous motor coupled to the sheave, said synchronous motor

5 including:

a stator having at least one winding for generating a rotating 

magnetic field around a motor axis, and

a shaftless rotor having a plurality of permanent magnets and 

magnetic sectors, said rotor being formed from said permanent 

10 magnets and said magnetic sectors alternating in a circumferential

direction about the motor axis and wherein said permanent magnets 

are longer in a direction of the motor axis than a core of said stator.

2. The traction drive according to claim 1 wherein said permanent magnets 

and said magnetic sectors are detachably fixed to one another by holding means

15 formed from a non-magnetic material.

3. The traction drive according to claim 1 wherein said permanent magnets 

and magnetic sectors are detachably fixed to one another non-removably, in 

particular by welding, bonding, sintering, molding and an adhesive.

4. The traction drive according to any one of the preceding claims wherein 

20 the permanent magnet has a low flux density.

5. The traction drive according to claim 4 wherein the permanent magnet is 

made from one of a Ferrite material, a Rare Earth Element bonded with polymers 

or Rare Earth Element.

6. The traction drive according to any one of claims 1 to 5, wherein said 

25 magnetic sectors are made as one piece from a ferromagnetic material or a

paramagnetic material.
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7. The traction drive according to any one of claims 1 to 5, wherein said 

magnetic sectors are made of ferromagnetic or paramagnetic sheets, fixed to one 

another detachably by holding means.

8. The traction drive according to any one of claims 1 to 5, wherein said

5 magnetic sectors are made of ferromagnetic or paramagnetic sheets, fixed to one 

another non-removably by at least one of welding, bonding, sintering, molding 

and an adhesive.

9. The traction drive according to any one of claims 1 to 5, wherein said 

permanent magnets and said magnetic sectors are detachably fixed to one

10 another by cup-shaped holders disposed at axial ends of the rotor, wherein the 

axial ends of the rotor are radially disposed within the cup-shaped holders, 

wherein the cup-shaped holders are formed from a non-magnetic material.

10. The traction drive according to any one of the preceding claims further 

including elastic means coupling said rotor and said sheave to one another,

15 wherein the elastic means is disposed axially between the rotor and the sheave 

and is in direct axial contact with the rotor and the sheave.

11. The traction drive according to claim 10, wherein said holding means are 

supported by bearings.

12. The traction drive substantially in accordance with any one of the 

20 embodiments of the invention described herein with reference to the

accompanying drawings.

INVENTIO AG

WATERMARK PATENT & TRADEMARK ATTORNEYS

P28601AU0O
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