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Description

[0001] The present invention relates to a traction drive
for an elevator with a sheave actuating a transmission
means of the elevator and a synchronous permanent
magnet motor coupled to said sheave.
[0002] A machineroom-less elevator is described in
US 5,788, 018 as having a traction drive comprising a
sheave which is drive through a gearbox by a motor.
[0003] It is well known to use synchronous motors with
permanent magnet rotors in a traction drive for an eleva-
tor. In such motors, a stator (or armature) comprises 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.
[0004] US 6,822,359 B2 discloses a rotor for a syn-
chronous motor wherein the permanent magnets are ar-
ranged 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 density of such
external permanent magnets is too small, these magnets
cannot resist current overloads within the stator’s wind-
ings without loosing their magnetic characteristic. Fur-
thermore, JP 2005253146 teaches a motor with im-
proved efficiency where the axial length of the permanent
magnets mounted on the periphery of the rotor is longer
than the axial length of the stator core.
[0005] Thus it is known, for example from US
2005/0088052, US 2004/0004407, US 204/0108789, US
5,697,848 or US 2005/0168089, A1 to place the perma-
nent magnets within the rotor itself. Thereby, rotor ma-
terial adjacent to the permanent magnets increases the
magnetic flux in radial direction, allowing to use magnets
with lower flux density that furthermore can resist current
overloads without loosing their magnetic characteristic.
[0006] However, to generate sufficient torques with
such low flux density magnets, these permanent mag-
nets must have a larger volume. Since the 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 di-
rection that results in large rotor diameters, thereby in-
creasing the overall size of the traction drive. This is dis-
advantageously in particular with elevators with small or
none machinery room.
[0007] As a result, providing said permanent magnets
within a rotor core, that is assembled on a shaft for torque
transmission, presents its normal difficult in manufactur-
ing, 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.
[0008] Therefore, it is an object of the present invention
to provide a traction drive for an elevator, which is suffi-
ciently small in size but at the same time does not require
expensive permanent magnets with high flux density.
[0009] This object is solved by a traction drive accord-
ing to claim 1.
[0010] A traction drive for an elevator according to the
present invention comprises a sheave for actuating as a
transmission means of the elevator with two or more
ropes or belts, and a synchronous motor. Said synchro-
nous motor has a stator with one or more windings for
generating a rotating magnetic field around a motor axis,
and a rotor comprising a plurality of separate permanent
magnets and separate magnetic sectors provided alter-
nating in a circumferential direction perpendicular to the
motor axis.. The rotor is coupled to said sheave for trans-
mitting a torque and thereby applying a traction force
upon said transmission means. The permanent magnets
and magnetic sectors are detachably fixed to one another
by holding means without a separate motor shaft.
[0011] According to the present invention, said at least
one permanent magnet is longer in the motor axis’ direc-
tion than 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.
[0012] 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 ax-
is. Then the magnetic field lines of such permanent mag-
net basically run in planes perpendicular to the motor
axis. However, at the axial ends of such bar-like perma-
nent magnet, the magnetic field lines are spread into a
semi-sphere. Thus, the magnetic flux at these axial ends
is reduced.
[0013] According to the present invention, by extend-
ing 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 substan-
tially results in a homogeneous magnetic field lines per-
pendicular 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 direc-
tion.
[0014] 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 concentrated in radial direction from
the axial ends of the permanent magnet.
[0015] 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 concen-
trated magnetic flux, sufficient motor torques can be gen-
erated. As a result, also permanent magnets, which are
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smaller in radial direction and thereby decrease the rotor
diameter can be used, still generating a sufficient motor
torque.
[0016] According to the present invention, the rotor is
composed from a plurality of separate permanent mag-
nets and separate magnetic sectors provided alternating
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 sys-
tems where no separate machinery room is provided.
[0017] In a traction drive according to the present in-
vention, permanent magnets, which can be larger in cir-
cumferential 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 perma-
nent motors with internal permanent magnets, with the
present invention the permanent magnets are not insert-
ed from the outside, but assembled together with the sep-
arate magnetic sectors to compose the rotor. This allows
providing permanent magnets with larger circumferential
dimensions. As a result, a sufficient magnetic flux defined
by 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.
[0018] Also this effect is amplified by another effect:
the magnetic sectors concentrate the magnetic flux of
the adjacent permanent magnets in radial direction,
thereby yet increasing the effective magnetic flux gener-
ating the motor torque. Thereto, the magnetic sectors
preferably are made from ferromagnetic material, whose
permeability is significantly greater than one (Pr >> 1)
like for example steel or the like, or from paramagnetic
material, whose permeability is equal or greater than one
(Pr ≥ 1) like for example aluminum alloy or the like.
[0019] 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, and with separate magnetic sectors ar-
ranged 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 current overloads in the stator windings. Fur-
thermore, small rotor diameters can be realized, thus re-
ducing the overall size of the traction drive. Moreover,
such rotors can be manufactured easily, still allowing to
integrate permanent magnets with large circumferential
dimensions.
[0020] 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 concentra-

tion and, preferably, the larger circumferential dimen-
sions of the permanent magnets.
[0021] In particular the permanent magnets may be
made from Ferrite or a Rare Earth Element, bonded with
polymers.
[0022] In a preferred embodiment of the present inven-
tion 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 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.
[0023] The permanent magnets and magnetic sectors
are detachably fixed to one another by holding means.
In a preferred embodiment, these holding means are
made from a nonmagnetic 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 re-
placed easily, thus improving maintenance. Thus, the ro-
tor can be manufactured in a fast, cheap and simple way
by just assembling the magnetic sectors and the perma-
nent magnets and fixing them together. In a preferred
embodiment, the magnetic sectors, when assembled to-
gether, form cavities accommodating the permanent
magnets, which thereby are securely fixed within the ro-
tor.
[0024] In a preferred embodiment, the rotor and the
sheave are coupled to one another by elastic means as
described in GB 2125362. Thus, no separate shaft is
necessary to transmit the motor torque to the sheave.
Furthermore, vibrations induced by the motor or the
sheave can be damped. Yet furthermore, a misalignment
between the rotor axis and the sheave axis can be com-
pensated. 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
sheave do not directly act upon the synchronous motor,
thereby protecting it from overload advantageously.
[0025] Further objects, features and advantageous
may be derived from the claims and the preferred em-
bodiments described hereinafter. Thereto:

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 trac-
tion drive of Fig. 1 in a plane perpendicular to
the motor axis; and
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Fig. 3 shows a perspective view of a magnetic sector
of the rotor of Fig. 2.

[0026] 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 transmis-
sion means of an elevator (not shown). The traction drive
may be installed within the elevator’s passage itself or
within a separate machinery room (also not shown).
[0027] 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 partic-
ular said elastic means may be made from plastic or resin
that advantageously may contain fibres (carbon or glass
fibres for example) to reinforce the matrix material. In
another embodiment, a metal plate may be shaped ac-
cordingly to provide the desired elastic characteristic.
[0028] Around said rotor 3 a stator 1 is provided ac-
commodating the rotor along its axis. Said stator is com-
posed from steel sheets provided with grooves for ac-
commodating one or a plurality of windings constituting
a plurality of coils (not shown). Advantageously, a con-
ventional stator can be used in a traction drive according
to one embodiment of the present invention.
[0029] 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
is 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.
[0030] 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 forming cavities in-be-
tween adjacent magnetic sectors that accommodate the
substantially bar-like permanent magnets 7.
[0031] 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 shown). Thus, the complete rotor 3
is composed from the magnetic sectors 6 and the per-
manent magnets 7 without a separate motor shaft, there-
by 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 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 togeth-

er at their outer circumferential protrudings.
[0032] 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 paramag-
netic material.
[0033] 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.
[0034] 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 in
Fig. 1.
[0035] With the magnetic flux 11 in the axial direction
and the magnetic flux 10 in the radial direction thus con-
centrated by the permanent magnets’ dimensions and
the adjacent magnetic sectors 6, the permanent magnets
7 can be made from a cheap material with low flux density
like Ferrite, yet generating high motor torques and resist-
ing current overloads.
[0036] One preferred embodiment of the present in-
vention 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
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 per-
manent magnets 7 and separate magnetic sectors 6 pro-
vided alternating in a circumferential direction perpendic-
ular to the motor axis to concentrate the magnetic flux in
axial and/or radial direction.

Claims

1. A traction drive for an elevator, comprising
a sheave (5) for actuating a transmission means of
the elevator; and
a synchronous motor (2)
said synchronous motor comprising
a stator (1) with at least one winding for generating
a rotating magnetic field around a motor axis, and
a cylindrical rotor core (3) comprising a plurality of
separate bar like permanent magnets (7) and sepa-
rate magnetic sectors (6) provided alternating in a
circumferential direction perpendicular to the motor
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axis,
said rotor core (3) being coupled to said sheave for
transmitting a torque; and
said permanent magnets (7) are longer in the motor
axis direction than the stator core,
wherein
said permanent magnets (7) and magnetic sectors
(6) are detachably fixed to one another by pot like
holdings means (8) located at both axial ends of said
rotor core (3) so that said rotor core forms the shaft
itself and no separate shaft is necessary.

2. The traction drive according to one of the preceding
claims, wherein the permanent magnets have a low
flux density.

3. The traction drive according to claim 2, wherein the
permanent magnets are made from Ferrite, a Rare
Earth Element bonded with polymers or Rare Earth
Element.

4. The traction drive according to any of claims 1 to 3,
wherein said magnetic sectors are made as one
piece from a ferromagnetic or paramagnetic materi-
al.

5. The traction drive according to any of claims 1 to 3,
wherein said magnetic sectors are made of ferro-
magnetic or paramagnetic sheets, fixed to one an-
other detachably by holding means.

6. The traction drive according to any of claims 1 to 3,
wherein said magnetic sectors are made of ferro-
magnetic or paramagnetic sheets, fixed to one an-
other constantly, in particular by welding, bonding,
sintering, moulding and/or an adhesive.

7. The traction drive according to one of the preceding
claims, wherein the rotor (3) and the sheave (5) are
coupled to one another by elastic means (4).

Patentansprüche

1. Zugantrieb für einen Aufzug, umfassend:

eine Scheibe (5) zur Betätigung eines Getriebe-
mittels des Aufzugs und
einen Synchronmotor (2),
wobei der Synchronmotor Folgendes umfasst:

einen Stator (1) mit mindestens einer Wick-
lung zur Erzeugung eines Drehmagnetfelds
um eine Motorachse und
einen zylindrischen Rotorkern (3), der meh-
rere getrennte stabförmige Permanentma-
gneten (7) und getrennte Magnetsektoren
(6), die abwechselnd in Umfangsrichtung

senkrecht zur Motorachse vorgesehen
sind, umfasst,
wobei der Rotorkern (3) mit der Scheibe zur
Übertragung eines Drehmoments verbun-
den ist und
die Permanentmagneten (7) in Motorach-
senrichtung länger sind als der Statorkern,
wobei
die Permanentmagneten (7) und die Ma-
gnetsektoren (6) durch topfförmige Halte-
mittel (8) lösbar aneinander befestigt sind,
welche sich an beiden axialen Enden des
Rotorkerns (3) befinden, so dass der Rotor-
kern die Welle selbst bildet und keine ge-
trennte Welle erforderlich ist.

2. Zugantrieb nach einem der vorhergehenden An-
sprüche, wobei die Permanentmagneten eine gerin-
ge Flussdichte aufweisen.

3. Zugantrieb nach einem der vorhergehenden An-
sprüche, wobei die Permanentmagneten aus Ferrit,
einem Seltenerdelement, das mit Polymeren ver-
bunden ist, oder einem Seltenerdelement hergestellt
sind.

4. Zugantrieb nach einem der Ansprüche 1 bis 3, wobei
die Magnetsektoren aus ferromagnetischem oder
paramagnetischem Material einstückig hergestellt
sind.

5. Zugantrieb nach einem der Ansprüche 1 bis 3, wobei
die Magnetsektoren aus ferromagnetischen oder pa-
ramagnetischen Blechen hergestellt sind, die durch
Haltemittel lösbar aneinander befestigt sind.

6. Zugantrieb nach einem der Ansprüche 1 bis 3, wobei
die Magnetsektoren aus ferromagnetischen oder pa-
ramagnetischen Blechen hergestellt sind, die insbe-
sondere durch Schweißen, Bonden, Sintern, For-
men und/oder einen Klebstoff dauerhaft aneinander
befestigt sind.

7. Zugantrieb nach einem der vorhergehenden An-
sprüche, wobei der Rotor (3) und die Scheibe (5)
durch elastische Mittel (4) miteinander verbunden
sind.

Revendications

1. Commande de traction pour un ascenseur, compre-
nant

- une poulie (5) pour actionner des moyens de
transmission de l’ascenseur ; et
- un moteur synchrone (2),
le moteur synchrone comprenant
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- un stator (1) avec au moins un enroulement
pour produire un champ magnétique tournant
autour d’un axe de moteur, et
- un noyau à rotor cylindrique (1) comprenant
plusieurs aimants permanents séparés du type
en barreau (7) et des secteurs magnétiques sé-
parés (6) disposés en alternance dans une di-
rection circonférentielle perpendiculaire à l’axe
de moteur,
ledit noyau à rotor (3) étant couplé à la poulie
pour transmettre un couple ; et
les aimants permanents (7) sont plus longs,
dans le sens de l’axe de moteur, que le noyau
de stator,

étant précisé que les aimants permanents (7) et les
secteurs magnétiques (6) sont fixés de manière
amovible les uns aux autres grâce à des moyens de
retenue du type à godet (8) placés aux deux extré-
mités axiales du noyau à rotor (3) de sorte que le
noyau à rotor forme l’axe lui-même et qu’un axe sé-
paré n’est pas nécessaire.

2. Commande de traction selon l’une des revendica-
tions précédentes, dans laquelle les aimants perma-
nents ont une densité de flux faible.

3. Commande de traction selon la revendication 2,
dans laquelle les aimants permanents se composent
de ferrite, d’un métal des terres rares lié à des poly-
mères, ou d’un métal des terres rares.

4. Commande de traction selon l’une quelconque des
revendications 1 à 3, dans laquelle les secteurs ma-
gnétiques sont réalisés d’une seule pièce à partir
d’un matériau ferromagnétique ou paramagnétique.

5. Commande de traction selon l’une quelconque des
revendications 1 à 3, dans laquelle les secteurs ma-
gnétiques se composent de tôles ferromagnétiques
ou paramagnétiques qui sont fixées les unes aux
autres de manière amovible à l’aide de moyens de
retenue.

6. Commande de traction selon l’une quelconque des
revendications 1 à 3, dans laquelle les secteurs ma-
gnétiques se composent de tôles ferromagnétiques
ou paramagnétiques fixées les une aux autres du-
rablement, en particulier par soudage, collage, frit-
tage, moulage et/ou à l’aide d’un adhésif.

7. Commande de traction selon l’une des revendica-
tions précédentes, dans laquelle le rotor (3) et la pou-
lie (5) sont couplés par des moyens élastiques (4).
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