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Synchronous motor with permanent magnets

The present invention relates to a synchronous
motor comprising a cylindrical rotor provided with
permanent magnets located inside a c¢ylindrical

stator provided with a winding.

The positioning of the rotor of such a synchronous
motor in relation to the stator is  usually
controlled by an outside sensor device checking
the inductance variation of the motor electrical

phases.

The present invention proposes a synchronous motor
in which the geometry of the rotor allows to
create a magnetic sensor useful as a position
feedback of the rotor and allowing to eliminate
the outside sensor device and to decrease the

overall length of the motor.

The synchronous motor according to the present
invention is characterized by the characterizing

portion of claim 1.

So the invention allows to make specific rotor
shape that gives positioning of the rotor without

a usual sensor control unit.



9 JP 2012-130245 A 2012.7.5

It is clear that having a stator without any slot,
the reluctance of the motor will be depending on

the shape the rotor may have.

If the stator 1is provided with slots, it is
important that the dimensions of the slots
entrances are minimized to decrease the reluctance

variation.

If magnets are placed over the lateral surface of
cylindrical rotor, as the relative permeability of
rare earth magnets is close to air, no reluctance
variation will exist. This has an influence not
only in the cogging torque (explained deeply in EP
9910212.3) but also in the values of the
inductance of the winding of each phase that will
remain constant. Some sensorless controls are
based on the value change of the inductance of the
motor as a signal to the electronic drive to
inject the current in the phases of the motor.
This 1is gquite common in slotted motors but with

the slotless design becomes not so obvious.

The invention and other claimed features will be
described in detail 1in relation to the attached

drawings

Fig 1 is a perspective view of a rotor with axial

extending protuberances;



(10) JP 2012-130245 A 2012.7.5

Figure 2 is the rotor of figure 1 with three coils
each corresponding to a different electrical

phaSe;

Figure 3 1s a side view of a motor provided with a

rotor presenting radial extending protuberances;

Figure 4 is a side view of another rotor

presenting radial extending protuberances;
Figure 5 is a side view of a stator with slots.

In figure 1 permanent magnets 3 are placed over
the lateral surface of a cylindrical rotor 4. The
rotor is provided at both ends of its lateral
surface with axial extended protuberances 41. The
protuberances 41 are located in the area in front
of the place where the turns of the coils are
fitted (figure 2). So the coils will be sensitive
to the presence or not of the steel or the iron of
the rotor 4 close to them and so, sensitive to the
change of the inductance value when rotating the
rotor. It is necessary to have the same number of
protuberances 41 like the rotor pole pairs, and of
course must be placed symmetrical in respect the
center of the rotor. Otherwise the influence of
the protuberances will be compensated £from one
side versus the other. These protuberances must
have an alternative shape, triangular,

sinusoidal... The protuberances are designed so as
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in a position of the rotor one phase, for example
U (figure 2}, will have the maximum value of
inductance, another one, for example phase W, will
have the minimum wvalue of inductance and the
third, for example phase V, will have an

intermediate value of inductance.

Depending on the sensibility of the electronics
the dimensions of the protuberances of the rotor
may vary. It is also possible the protuberances
are made different material from that of the rotor
which is glued or fixed by screws. The said
material may present a higher permeability 1like

for example umetal.

The protuberances allow to reduce the length of
the motor as the control of the motor does not

need the usual external sensor.

If the magnets are placed radially inside the
rotor instead of the surface, the undulation of
the protuberances must be made in the active part
of the lateral surface of the rotor as shown in

figure 3.

In figure 3 they are schematically represented: a
stator 1, a winding 2, permanent magnets 3
radially located inside the rotor 4. The lateral
surface of the rotor 4 is provided with undulated

protuberances 42 axially extended in the active
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part of the said surface. Active part of the
lateral surface means the surface £facing the
winding 2. Depending of the position of the rotor
the value of the inductance will wvary for each

electrical phase as previously explained.

In figure 4 another disposition of the permanent
magnets 3 inside a rotor 4 is shown. The undulated
protuberances 42 are also axially extended in the

active part of lateral surface of the rotor 4.

If the stator is provided with slots as shown in
figure 5 it is important to minimize the width E
of the entrance of the slots allowing to minimize

the air gap influence in the motor reluctance.

We propose to limit the influence of air gap or
air gaps due to the entrances of the slots so as
the reluctance value does not fluctuate more than
5%. Standard measurement of inductance may
distinguish 5% fluctuation correctly. We mean that
a fluctuation of the inductance equal or less 5%
will not interpreted as the presence or absence of

rotor protuberance.

In figure 5 is shown a first coil C wound inside
the slots of two consecutive slots or around a
tooth T. The pitch of this coil is P and the width
of the entrance is E. Another example is shown in

the same figure 5 but not for a same motor. We
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have a coil Cl1 wound inside two slots which are
not consecutives. The pitch of the coil C1 is P1
and the width of each slot is E as previously.

They are four slots inside the coil Cl1.

In order to minimize the air gap or absence of
magnetic material at the entrances of the slots
according to the following relation:

(n+l)E £ 0.05 P, P being the pitch between two
slots in which a coil is wound, E the width of the
entrances of the slots and n the number of slots

located inside the coil.

In the first example relating to the coil C, n = 0
so E £ 0.05P. In the second example relating to
the coil Cl, n=4 so the relation is 4E < 0.05 P1.

In all configurations the variation of the rotor
material facing the winding allows to wvary the
value of the inductance more than 5 % for each
electrical phase and make possible to detect the
rotor position without using a special sensor

device.
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1. A synchronous motor comprising a cylindrical
rotor provided with permanent magnets located
inside a cylindrical stator provided with a
winding, characterized in that the zrotor is
provided with protuberances facing the said

winding.

2. A synchronous motor according te c¢laim 1,
characterized in that the permanent magnets are
placed over the lateral surface of the rotor and
the two axial ends of the lateral surface of the
rotor are provided with axial extending

protuberances facing the ends of the said winding.

3. A synchronous motor according to claim 1
characterized in that the permanent magnets are
disposed inside the rotor and that the 1lateral
surface of the rotor is provided with radial
undulated protuberances all along its active

surface.

4. A synchronous rotor according to one of claims
1 to 3, characterized in that the stator is a

slotless stator.

5. A synchronous rotor according to one of claims 1
to 3, characterized in that the stator is provided

with slots and in that the width E of entrances of

the slots are minimized to decrease the reluctance
variation according to the follow relation

(n+1l)E £ 0.05 P, P being the pitch between two
slots in which a coil is wound, E being the width
of the entrances of the slots and n the number of

the slots located inside the said coil.
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1 Abstract

The present invention relates to synchronous motor
comprising a cylindrical rotor (4) provided with
permanent magnets (3) located inside a cylindrical
stator provided with a winding (U, v, W),
characterized in that the rotor is provided with

protuberances (41) facing the said winding.

2 Representative Drawing

Fig. 2
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Fig.5
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