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(57) ABSTRACT 

Arotary electric motor has a stator core (1) With salient poles 
(4, 3), some of them ferromagnetic and some of them 
permanent-magnetic, Which are spaced-apart and Which are 
all simultaneously magnetiZable by means of a magnetizing 
Winding (5A, 5B). The rotor core has either reluctance poles 
(7) With intervening pole gaps and constant pole pitch, or 
permanent-magnetic poles (10) With constant pole pitch and 
Without intervening pole gaps, alternating poles being of 
opposite polarities. Each reluctance pole (7) or permanent 
magnetic pole (10) has a Width Which over a portion of the 
pole corresponds to respectively one-half of or the full pole 
pitch and is smaller over the remaining portion so that each 
pole (7 or 10) has a part (7B or 10A) Which projects in a 
direction common to all poles. The ferromagnetic and 
permanent-magnetic poles (3, 4) of the stator (1) have a 
Width corresponding to the Width of the narrower portion of 
the poles (7 or 10) of the rotor The number of 
permanent-magnetic poles (3) and, optionally, also the num 
ber of ferromagnetic poles (4) of the stator (1) is smaller than 
the number of reluctance poles (7) or permanent-magnetic 
poles (10) of the rotor (2), the positioning of the poles being 
such that When the motor is running, all ferromagnetic stator 
poles (4) Will be simultaneously positioned opposite respec 
tive rotor poles (7 or 10) and all permanent-magnetic stator 
poles (30 likewise are simultaneously positioned opposite 
respective rotor poles (7 or 10). 

20 Claims, 2 Drawing Sheets 
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ELECTRIC MOTOR WITH COMBINED 
PERMANENT AND ELECTROMAGNETS 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

BACKGROUND OF THE INVENTION 

Technical ?eld and Prior Art 

The present invention relates to a rotary electric motor 
which has a single, predetermined direction of rotation and 
which can be controlled in respect of its supply with current 
and its speed by a simple electronic circuit. The motor is a 
further development of the type of motor described and 
shown in Swedish Patent Application 8802972-3 (=WO 
90/02437). 

OBJECT OF THE INVENTION 

The motor described and illustrated in the aforesaid 
Swedish patent application has been found to function very 
well and affords all of the advantages recited in the appli 
cation. Continued development has shown, however, that 
further improvements in the form of lower manufacturing 
costs and/or higher motor torque can be achieved without 
change of the motor size, at least for some ?elds of use, by 
constructing the motor in a manner which deviates slightly 
from the manner described in the aforesaid Swedish patent 
application. 

According to the present invention, these further improve 
ments are obtained with a motor constructed according to 
the invention, without losing any of the advantages afforded 
by the basic motor design, as described in the aforesaid 
patent application. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will now be described in more detail with 
reference to a number of exemplifying embodiments thereof 
and also with reference to the accompanying drawings, in 
which: 

FIG. 1 is a schematic, principle end view of a ?rst 
exemplifying embodiment of a motor according to the 
invention; 

FIG. 2 illustrates in a similar fashion a second exempli 
fying embodiment of a motor according to the invention; 

FIG. 3 is a similar illustration of a third exemplifying 
embodiment of a motor according to the invention; 

FIG. 4 is a schematic principle partial end view of a fourth 
exemplifying embodiment of a motor according to the 
invention; 

FIG. 5 is a schematic principle end view of a ?fth 
exemplifying embodiment of a motor according to the 
invention; and 

FIG. 6 is a schematic developed view of the construction 
and the arrangement of the rotor poles in the motor illus 
trated in FIG. 5. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT(S) 

As explained in Swedish Patent Application 8802972-3, 
the type of motor described therein operates in accordance 
with the reluctance principle. One of the two mutually 
rotatable parts of the motor, normally the rotor, is provided 
with a ring of ferromagnetic reluctance poles arranged with 
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2 
a uniform pole pitch and uniform pole gaps, and the other 
part of the motor, normally the stator, is provided with a ring 
of alternating ferromagnetic poles and permanent-magnetic 
poles, which are magnetized with the aid of a magnetizing 
winding. 

The number of permanent-magnetic poles and the number 
of ferromagnetic poles equal the number of reluctance poles 
on the rotor, such that the pole pitch of the stator is half the 
pitch of the rotor poles. 

Furthermore, each rotor reluctance pole has a width in the 
rotational or circumferential direction which over a portion 
of the reluctance pole equals half the pole pitch of the 
reluctance poles and which over the remaining portion of the 
pole is smaller and preferably corresponds to a third of the 
pole pitch of the reluctance poles, such that each reluctance 
pole has a part which projects in a predetermined rotational 
direction common to all reluctance poles. 

The ferromagnetic and permanent-magnetic stator poles 
have a width as measured in the direction of rotation which 
essentially equals the reduced width of the rotor reluctance 
and are magnetically divided into groups of mutually adja 
cent ferromagnetic and permanent-magnetic poles, with the 
same number of each pole type in each group. All 
permanent-magnetic poles within each such magnetic pole 
group have the same permanent-magnetic polarity and all of 
the permanent-magnetic and the ferromagnetic poles are 
magnetized in one and the same direction through the 
in?uence of the magnetizing winding. 
With this design, the motor has only one, predetermined 

start direction, but current can be delivered to the motor and 
its speed controlled by means of a very simple and inex 
pensive electronic supply circuit. Motors of this design can 
therefore be used economically for purposes for which it has 
not earlier been possible to use electronically controlled 
motors, for reasons of economy. 

As before mentioned, the present invention is a further 
development of the tape of motor described and illustrated 
in Swedish Patent Application 8802972-3 (=WO 90/02437), 
and is primarily based on the realization that in this kind of 
motor the primary purpose of the permanent-magnetic poles 
is to enable the motor to start independently. 

This requires the number of permanent-magnetic poles 
present and/or the strength of these poles to be suf?cient to 
overcome the static friction of the motor and the object 
driven thereby when the permanent-magnets alone, i.e. 
when no current ?ows through the magnetizing winding, 
draw the rotor from a position it has adopted under the 
in?uence of the current-conducting magnetizing winding, 
this position being referred to as the “indrawn position” in 
the Swedish Patent Application 8802972-3 (=WO 
90/02437), to a position from which a working winding 
through which magnetizing current again ?ows is able to 
rotate the rotor in the predetermined direction. This latter 
position is referred to as the “start position” in the aforesaid 
Swedish patent application. Admittedly, the permanent 
magnetic poles assist in generating a certain amount of 
motor torque, since the work developed by a permanent 
magnetic pole when attracting a reluctance pole is greater 
than the work developed when releasing the same reluctance 
pole. However, it is the aforesaid independent starting of the 
motor in the said predetermined start direction which is the 
primary and absolutely necessary purpose of the permanent 
magnetic poles of the motor. 
The present invention is based on the realization that 

because of the aforedescribed circumstance, the number of 
permanent-magnetic poles provided, or the strengths of said 
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Doles, can be reduced When a motor of this type is used to 
drive loads Which have loW starting torques. In vieW of the 
comparatively expensive material from Which the 
permanent-magnetic poles are made, a reduction in the 
number of permanent-magnetic poles of the motor Will 
result in a signi?cant cost saving. 
A reduction in the number of permanent-magnetic poles, 

hoWever, is still more advantageous from the point of vieW 
that more space can be provided for the magnetizing 
Winding, While keeping the dimensions of the motor 
unchanged, so as to enable the ampere turns of the magne 
tiZing Winding and, consequently, the torque generated by 
the motor, to be increased substantially, Without increasing 
the outer dimensions of the motor, despite the reduction in 
the number of permanent-magnetic poles. 

FIG. 1 is a schematic end vieW of a ?rst exemplifying 
embodiment of a motor based on the aforedescribed inven 
tive principle. 

The motor illustrated in FIG. 1 includes a stator 1 having 
a ferromagnetic core, and a rotor 2 having a ferromagnetic 
core and an intermediate, cylindrical air gap 6. As is the case 
in the motors described in SWedish Patent Application 
8802972-3 (=WO 90/2437), the rotor 2 is provided With a 
number of salient ferromagnetic reluctance poles 7, in the 
illustrated case four such poles, arranged in uniform spaced 
relationship. Each such reluctance pole 7 has a Width in the 
direction of rotation Which over a portion of the pole 
corresponds essentially to one-half pole pitch and Which 
over the remaining portion of the pole is smaller and 
preferably corresponds to one-third of the pole pitch. 
Consequently, each reluctance pole has nose 7B Which 
projects in a predetermined direction of rotation, in the 
manner described in the aforesaid SWedish patent applica 
tion. 

The stator 1 is provided With four uniformly distributed 
salient ferromagnetic reluctance poles 4, Whose Widths in 
the direction of rotation correspond essentially to the nar 
roWer Width of the rotor reluctance poles 7 and all of Which 
Will thus be located simultaneously opposite a rotor reluc 
tance pole 7 When the motor runs. The stator 1 is also 
provided With tWo diametrically opposed permanent 
magnetic poles 3 of mutually opposite polarities in relation 
to the air gap 6. 

When seen magnetically, the reluctance poles 4 and the 
permanent-magnet poles 3 on the stator are divided into tWo 
diametrically opposed groups, each comprising tWo reluc 
tance poles 4 and an intermediate permanent-magnetic pole 
3 and each provided With an associated magnetiZing Winding 
5A and 5B, respectively, for magnetiZing all poles in a 
particular group simultaneously and in the same direction, 
namely preferably in the direction Which is opposite to the 
permanent-magnetic polarity of the permanent-magnetic 
pole 3. 

Since the tWo magnetiZing Windings 5A and 5B are 
intended to car current simultaneously and in mutually the 
same direction, it Will be understood that these Windings 
may also be constructed in the form of a single Winding. 

It Will be seen that in comparison With the motor 
described in SWedish Patent Application 8502972-3 (=WO 
90/02437), the motor according to the invention as illus 
trated in FIG. 1 lacks tWo permanent-magnetic stator poles 
and that the space Which Would otherWise be occupied by 
these permanent-magnetic poles instead accommodates the 
magnetiZing Windings 5A, 5B. This has enabled the total 
conductor cross-section of the magnetiZing Windings and, 
consequently, the magnetomotive force or ampere turns of 
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4 
the Windings, to be increased considerably. As a result, a 
corresponding increase in the torque generated by the motor 
has been achieved Which more than makes up for the 
reduction in motor torque caused by the reduction in the 
number of permanent-magnetic stator poles. 

There is thus provided a motor Whose overall dimensions 
remain unchanged but Which nevertheless generates a higher 
torque and can be manufactured at loWer cost because of the 
reduced number of permanent-magnetic poles provided. 
The motor according to the illustrated in FIG. 1 has, in 

general, all of the advantages afforded by a motor of the kind 
described and illustrated in SWedish Patent Application 
8802972-3 (=WO 90/02437). This motor can be driven and 
its speed controlled With the aid of a very simple electronic 
supply circuit, for instance a circuit of the kind described in 
the SWedish patent application. 

If the number of reluctance poles 4 in each of the tWo 
diametrically opposed pole groups on the stator is increased 
in a motor of the kind described above and illustrated in FIG. 
1, the least possible number of permanent-magnetic poles 3 
Will still be only one in each pole group, it being possible to 
place this permanent-magnetic pole in any selected gap 
betWeen the reluctance poles 4 in the group concerned. 

The motor Will have the highest torque density, hoWever, 
When a permanent-magnetic pole 3 is placed in each inter 
space betWeen the reluctance poles 4 in the pole group 
concerned, since the omission of permanent poles in these 
interspaces Will not result in greater space for the accom 
modation of the magnetiZing Winding. Thus, in this case, the 
number of permanent-magnetic poles 3 per pole group on 
the stator 1 Will be equal to the number of reluctance poles 
4 in each pole group minus 1. 

If the number of stator pole groups in a motor of the kind 
described above and as illustrated in FIG. 1, is increased 
from tWo to an integral multiple of tWo, the smallest possible 
number of permanent-magnetic poles on the stator Will still 
be tWo, With mutually opposite polarities relative to the air 
gap, placed in tWo different pole groups. The highest torque 
density, hoWever, Will be obtained With a permanent 
magnetic pole placed in each interspace betWeen the reluc 
tance poles 4 in each pole group, but With no permanent 
magnetic poles placed betWeen the different pole groups. 

In the case of a motor of the kind described above and as 
illustrated in FIG. 1, it is only the magnetic ?ux from the 
permanent-magnetic poles 3 Which passes through those 
parts of the back of the stator 1 to Which the permanent 
magnetic poles are attached. This does not require the 
cross-sectional area, ie the radial height, of these parts of 
the stator back to be as large as that if those parts of the stator 
back through Which the magnetic ?ux generated by the 
Working Windings 5A, 5B through the reluctance poles 4 
?oWs. 

Furthermore, the height of the permanent-magnetic poles 
3, ie their radial dimension, may advantageously be smaller 
than the radial dimension of the reluctance poles 4. 
Consequently, it is quite possible to reduce the overall 
dimensions of the stator 4 over the positions of the tWo 
permanent-magnetic poles 3 While retaining the overall 
stator dimensions in the direction perpendicular thereto. ie 
in the direction in Which the coil sides of the Working 
Windings 5A, B are located. 

Since, in the mass production of motors of the kind 
concerned here, the sheet metal stampings Which form the 
stator core are produced from metal strip, there is no reason 
Whatsoever to reduce the cross-sectional area available for 
the stator Winding by curving the outer contours of the stator 
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core. The outer contours of a loW-price motor based on the 
principle described above and illustrated in FIG. 1 should 
therefore be rectangular, as illustrated schematically in FIG. 
2. Those parts in FIG. 2 Which correspond to parts shoWn in 
FIG. 1 are identi?ed With the same reference signs. 

It Will be seen that the FIG. 2 embodiment affords still 
greater space for the Working Windings 5A, 5B than the FIG. 
1 embodiment, and consequently enables the Working Wind 
ing to have a still higher ampere turns, thereby increasing the 
torque generated by the motor. 
A comparison of a motor having a stator constructed in 

accordance With FIG. 1 and a motor having a stator con 
structed in accordance With FIG. 2, but With identical rotors 
and stators of equal overall dimensions in the direction 
extending perpendicular to the line along Which the 
permanent-magnetic poles 3 are placed, shoWs that a motor 
having the stator stamping shape shoWn in FIG. 2 requires 
about 20% less metal sheet for stator manufacture and is 
able, at the same time, to develop a torque Which is about 
20% greater than the torque developed by the motor illus 
trated in FIG. 1. 
A further development of the present invention is based 

on the realiZation that the number of ferromagnetic reluc 
tance poles 4 on the stator coacting With the magnetiZing 
Winding or Working Winding can be reduced so that the 
number of these reluctance poles 4 Will be smaller than the 
number of rotor reluctance poles 7. One condition in this 
respect, hoWever, is that the stator reluctance poles 4 coact 
ing With the Working Winding are still arranged so that all of 
the poles 4 Will be located simultaneously essentially oppo 
site a respective rotor reluctance pole 7 as the motor runs. 
FIG. 3 illustrates schematically and by Way of example a 
motor Which is constructed in accordance With this principle 
and Which can be considered a modi?cation of the motor 
illustrated in FIG. 2. 

In the case of the motor illustrated in FIG. 3, the rotor 2 
is provided With six reluctance poles 7 Which are formed 
With projecting parts or noses 7B in the afore-described 
manner, Whereas the stator 1 is provided With tWo diametri 
cally opposed groups of magnetic poles, each including tWo 
ferromagnetic reluctance poles 4 and an intermediate 
permanent-magnetic pole 3, similar to the motor illustrated 
in FIG. 2. 

Thus, in comparison With a motor according to the 
aforesaid SWedish Patent Application 8802972-3 (=WO 
90/02437), the motor illustrated in FIG. 3 lacks tWo ferro 
magnetic reluctance poles and four permanent-magnetic 
poles on the stator 1. It Will be realiZed immediately from the 
FIG. 3 illustration that this results in still greater space 8 for 
accommodating the magnetiZing or Working Windings, 
Which are not shoWn in FIG. 3. 

When a motor constructed in accordance With FIG. 3 is 
compared With a motor constructed in accordance With FIG. 
2 and it is assumed that the surfaces of the reluctance poles 
4, 7 Which face the air gap are of the same siZe in both cases 
and that the magnetiZing or Working Windings develop 
magnetomotive force of equal magnitudes in both 
directions, a motor constructed in accordance With FIG. 3 
Will generate a torque Which is 1.5 times greater than the 
torque generated by a motor Which is constructed in accor 
dance With FIG. 2. 
At the same time, the motor constructed in accordance 

With FIG. 3 requires a 50% higher current supply frequency 
at the same speed. The motor illustrated in FIG. 3 can 
therefore be equated With a motor according to FIG. 2 that 
is provided With a mechanical speed transmission having a 
transmission ratio of 3:2. 
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A motor constructed in accordance With FIG. 3 may be 

advantageous in the case of relatively loW-speed applica 
tions in Which the increase in current supply frequency 
required by the FIG. 3 embodiment in comparison With the 
FIG. 2 embodiment can be accepted, both With respect to the 
iron losses in the motor and in the sWitch frequency in the 
electronic supply circuit of the motor. 

In the case of motors provided With a rectangular stator 
core, for example in accordance With FIG. 2 or FIG. 3, the 
magnetiZing Windings may be given the form of coil Wind 
ings instead of bundle or skein Windings. These coil Wind 
ings may be arranged around those sides (legs) of the stator 
core 1 Which connect the tWo diametrically opposed pole 
groups 3, 4. In the case of very small motors, these coil 
Windings may be mounted on circuit boards, optionally 
together With the electronic supply circuit, so as to obtain a 
?at electronic motor. 

The stator core 1 of small motors may also be con?gured 
With solely one side (leg) connecting the tWo diametrically 
opposed pole groups 3, 4, so that the stator core 1 Will have 
a generally C-shaped cross-section. Of course, the one 
remaining side (the leg) of the stator 1 and also the portions 
of the core Which support the poles 3, 4 must be given a 
larger cross-sectional area for the magnetic ?ux than in the 
case of the embodiments according to FIGS. 2 and 3. In a 
motor of this kind, it is suf?cient to provide one single 
magnetiZing Winding in the form of a coil Winding arranged 
around the single side (leg) of the stator core 1. 
An extreme, conceivable variant of the type of motor 

illustrated in FIG. 3 is one in Which the number of rotor 
reluctance poles 7 is many times greater than the number of 
stator poles 3, 4. In a motor of this kind, the stator may 
suitably have the form of a so-called short stator Which 
extends over only a small part of the rotor circumference, i.e. 
does not surround the rotor. 

FIG. 4 illustrates schematically and in partial end vieW an 
exemplifying embodiment of such a motor. In this case, it is 
necessary for the short stator 9 to include at least tWo pole 
groups, each including at least tWo ferromagnetic reluctance 
poles 4 and at least one permanent-magnetic pole 3. In this 
embodiment, the magnetiZing or Working Winding 5 is a coil 
Winding Which embraces that part of the stator core 9 Which 
connects the tWo pole groups. 

Several such short stators may be arranged to coact With 
one and the same rotor, for example tWo short stators may 
be mounted in diametrically opposed relationship. Extreme 
variants of a short- stator motor include a linear motor or a 

motor Whose rotor is comprised of only one arcuate segment 
along Whose circumference the reluctance poles that have 
outWardly projecting noses are placed. 
As before mentioned, the principle of the present inven 

tion lies in the reduction of the number of permanent 
magnetic poles and optionally also the number of ferromag 
netic reluctance poles on the motor-part that is provided With 
the magnetiZing or Working Winding, so that the number of 
poles of this kind Will be smaller than the number of 
reluctance poles provided With a projecting nose and 
mounted on the other motor part. 

This principle can also be applied to types of motors that 
have an axial-radial magnetic ?ux path, i.e. a motor of the 
kind illustrated in FIGS. 5—7 of the aforementioned SWedish 
Patent Application 8802972-3 (=WO 90/02437). This 
enables, in principle, the number of permanent-magnetic 
poles to be reduced equally in each of the tWo axially spaced, 
cylindrical air gaps. HoWever, a permanent-magnetic pole 
must be present at each air gap. 
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The reduction in the number of permanent-magnetic poles 
also results, however, in a reduction in the torque generated 
by the motor, as before mentioned, Which in this case can be 
compensated for by axially extending the magnetizing 
Winding, Which has the form of a coil Winding. 
A reduction in the number of permanent-magnetic poles 

loWers the manufacturing costs of the motor. As before 
mentioned, it is possible With this type of motor to reduce the 
number of ferromagnetic reluctance poles on the stator, so 
that there Will be feWer stator reluctance poles than those 
rotor reluctance poles that have an outWardly projecting 
nose. 

HoWever, since a reduction in the number of ferromag 
netic stator reluctance poles in this motor construction Will 
not increase the space available for the magnetiZing Winding 
on the stator, there is normally no reason to reduce the 
ferromagnetic stator reluctance poles to a number Which is 
smaller than the number of rotor reluctance poles. 

In the case of a motor having an axial-radial magnetic ?ux 
path, it is also conceivable to form one of the tWo axially 
spaced, cylindrical air gaps Without providing any poles at 
all on either the rotor or the stator, ie with mutually facing, 
smooth surfaces on the rotor core and the stator core, the 
smooth air gap being dimensioned in a manner to offer 
relatively small reluctance to the passage of the magnetic 
?ux that is determined by the con?guration of the magnetic 
poles on the stator and the rotor at the second air gap. 

Such an embodiment With only one air gap that is pro 
vided With poles and a smooth air gap is possible both in a 
motor construction according to the present invention and 
With a motor construction according to the aforesaid SWed 
ish Patent Application 8802972-3 (=WO 90/02437), i.e. 
irrespective of Whether the number of permanent-magnetic 
poles and ferromagnetic reluctance poles on one motor part 
is the same as or smaller than the number of reluctance poles 
on the other motor part Which are provided With noses. 

A further development of the present invention is based 
on the realiZation that the reluctance poles on one motor part 
Which are provided With noses can be replaced With simi 
larly con?gured permanent-magnetic poles. This Would be 
particularly advantageous in the case of very small motors, 
because When the dimensions of a motor decrease, the 
magnetomotive force that can be developed by the Working 
Winding at permitted Winding temperatures also decreases. 

For example, if the motor diameter Were to be halved, 
only about 35% of the earlier magnetomotive force Would be 
available, because the air gap betWeen rotor and stator 
cannot be reduced to a corresponding extent, for mechanical 
reasons. This fact restricts the use of the reluctance principle 
in very small motors. Consequently, the use of permanent 
magnetic poles is preferred in very small motors, particu 
larly since the cost of permanent-magnetic poles is loW as a 
result of the small amount of permanent-magnetic material 
consumed. 

FIGS. 5 and 6 illustrate schematically, and by Way of 
example, a motor according to the invention constructed in 
the aforesaid manner. FIG. 5 is an end vieW of the motor and 
FIG. 6 is a developed vieW of the construction and arrange 
ment of the permanent-magnetic poles mounted on the rotor. 

The construction of the stator 1 With its ferromagnetic 
reluctance poles 4 and permanent-magnetic poles 3 and 
magnetiZing or Working Windings 5A, 5B corresponds to the 
construction of the motors earlier described With reference 
to FIGS. 2 and 3. HoWever, in the case of the embodiments 
illustrated in FIGS. 5, 6, the magnetiZing Windings 5A, 5B 
are intended to generate a magnetic ?ux Which coincides 
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With the polarity of the permanent-magnetic poles 3, 
Whereas in the case of the earlier described embodiments 
With reluctance poles provided on the rotor, the converse 
condition is applied to advantages. 
As before mentioned, in the case of the motor construc 

tion illustrated in FIGS. 5, 6, the rotor reluctance poles 
provided With noses have been replaced With permanent 
magnetic poles con?gured and arranged in the manner best 
seen from FIG. 6. This means, in principle, that each 
reluctance pole that is provided With a nose, together With 
the pole gap betWeen it and the next-folloWing reluctance 
pole, has been replaced With a pair of permanent-magnetic 
poles 10 of mutually opposite polarities and con?gured With 
projecting parts or noses 10A in the desired direction of 
rotation. 
The narroWer Width of each such permanent-magnetic 

pole 10 corresponds generally With the Width of the ferro 
magnetic reluctance poles 4 and the permanent-magnetic 
poles 3 of the stator, Whereas the greater Width of the 
permanent-magnetic poles 10 corresponds With the pole 
pitch of the poles 3, 4 on the stator 1 and, consequently, also 
With the pole pitch of the permanent-magnetic poles 10 on 
the rotor. 

The motor illustrated in FIGS. 5, 6 operates in the 
folloWing manner. When no current passes through the stator 
Windings 5A, 5B, the rotor 2 Will position itself in a position 
in Which the stator permanent-magnetic poles 3 Will attract 
rotor permanent-magnetic poles 10 of opposite polarity. The 
attracted rotor permanent-magnetic poles 10 Will then take a 
position With maximum overlap With the stator permanent 
magnetic poles 3. 
When current is passed through the stator Windings 5A, 

5B, the stator reluctance poles 4 Will attract the rotor 
permanent-magnetic poles 10 of opposite polarity, the pro 
jecting noses 10A of these poles 10 being located adjacent 
the stator reluctance poles concerned. Provided that the 
pulling force exerted by the reluctance poles 4 is greater than 
the retaining force exerted on the rotor 2 by the permanent 
magnetic poles 3 of the stator, the rotor Will move through 
one pole pitch in the direction of the projecting noses 10A 
of the permanent-magnetic poles 10 of the rotor 10. 
When the attracted poles 10 on the rotor have reached 

approximately maximum overload With the stator reluctance 
poles 4, the current to the stator Windings 5A, 5B is sWitched 
off by the magnetiZing system, not shoWn. In this opera 
tional state of the motor, the permanent-magnetic poles 3 of 
the stator are overlapped by those permanent-magnetic poles 
10 on the rotor 2 Which repel the permanent-magnetic poles 
3 on the stator. Those rotor poles 10 Which have opposite 
polarity and the projecting noses 10A of Which are located 
adjacent the permanent-magnetic poles 3 of the stator 1 are 
then attracted by these poles and Will move through one pole 
pitch in the direction of the outWardly projecting noses 10A 
of the motor poles 10. 

It Will be noted that the permanent-magnetic poles 10 on 
the rotor need not be separated physically, and that they can 
be provided, advantageously, by magnetiZing a ring of 
permanent-magnetic material around the periphery of the 
ferromagnetic core of the rotor. This technique is knoWn per 
se. 

The principle that has been applied in the construction of 
the motor illustrated in FIGS. 5, 6, namely the principle of 
replacing rotor reluctance poles that have projecting noses 
With permanent-magnets that have projecting noses, may 
also be applied to the type of motor described in the SWedish 
Patent Application 8802972-3 (=WO 90/02437). 
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In the case of an electric motor stator provided With a 
Working Winding, efforts are always made to achieve the 
best possible balance betWeen that part of the total cross 
sectional area of the stator Which is occupied by ferromag 
netic material for conducting the magnetic ?uX and the 
remainder of the cross-sectional area available for accom 
modating the Working Winding. This is so, because it is the 
product of the change in the magnetic ?uX, on the one hand, 
and the magnetomotive force of the Working Winding caused 
by rotor movement, on the other hand, that is proportional to 
the motor torque and Which should therefore be maXimiZed. 

In the case of the motor according to the present 
invention, or a Motor constructed in accordance With SWed 
ish Patent Application 8802972-3, Which have a magnetic 
circuit constructed from parallel, sheet metal stampings, the 
aforesaid maXimiZation provides a best interval for pole ?uX 
magnitude Which corresponds, in general, With a value of the 
magnetic ?uX density in the overlap area betWeen the 
coacting poles Which is beloW the value at Which magnetic 
saturation occurs in the magnetic steel sheets. 

To ensure that the torque developed by the motor Will be 
as uniform as possible, it is endeavoured to change the pole 
?uX essentially in proportion to the change in the overlap 
area betWeen the mutually coacting stator and rotor poles. 
This requires that the change in ?uX Will not be limited by 
magnetic saturation in any other part of the magnetic circuit, 
ie that the magnetic ?uX density in the overlap area 
betWeen the mutually coacting poles can be kept at a 
generally constant level. 

For a given value of the magnetomotive force Which acts 
over the overlap area betWeen stator poles and rotor poles, 
this can be achieved either by selecting a sufficiently large 
air gap betWeen rotor and stator poles or by giving the stator 
pole surfaces and/or the rotor pole surfaces a nature such as 
to restrict ?uX density by magnetic saturation in these 
surfaces. This latter method is preferred, primarily because 
the torque developed is greater than that developed With the 
?rst mentioned method. 

The simplest method of achieving magnetic saturation of 
the pole surface layers is to thin-out the plate pack in the 
vicinity of the pole surface, for instance by terminating 
every second or third plate a feW millimeters from the pole 
surface, While continuing With the remaining plates right up 
to said pole surface. This method of construction can be used 
advantageously With the ferromagnetic reluctance poles on 
the rotor and/or the stator of a motor constructed in accor 
dance With the present invention or a motor constructed in 
accordance With the earlier mentioned SWedish patent appli 
cation. 

I claim: 
1. An electric motor comprising a ?rst motor part and a 

second motor part (1, 2) Which are rotatable relative to one 
another and each of Which has a ferromagnetic core and 
Which are separated by an air gap (6) lying betWeen the 
ferromagnetic cores, Wherein the ferromagnetic core of said 
?rst motor part (1) has provided on the surface thereof Which 
faces the air gap (6) a plurality of salient magnetic poles 
Which are disposed sequentially and in spaced relationship 
in the direction of rotation, and of Which some are ferro 
magnetic (4) and some are permanent-magnetic (3) and all 
of Which are magnetically connected to a magnetiZing 
Winding (5A, 5B) for simultaneous magnetiZation of both 
the ferromagnetic (4) and permanent-magnetic (3) poles, 
Wherein the ferromagnetic core of the said other motor part 
(2) is provided on the surface thereof facing the air gap (6) 
and opposite the magnetic poles (3, 4) on the core of the ?rst 
part (1) With a roW of salient ferromagnetic reluctance poles 
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(7) Which [extend] are arranged in a row extending in said 
direction of rotation and Which have a constant pole pitch 
and are spaced-apart equidistantly, Wherein each such reluc 
tance pole (7) [over a portion thereof has a Width in the 
direction of rotation Which corresponds essentially to half 
said pole pitch and over the remaining portion thereof is 
smaller such that each reluctance pole (7) has a part] 
comprises a first portion and a second portion (7B) Which 
projects in a predetermined direction common to all reluc 
tance poles (7), Wherein the ferromagnetic and permanent 
magnetic poles (3, 4) on the core of the ?rst motor part (1) 
have a Width in the direction of rotation Which corresponds 
essentially to the Width of the [narroW part] ?rst portion of 
the reluctance poles (7) and are so positioned that during 
relative rotation of the tWo motor parts (1, 2), all ferromag 
netic poles (4) Will be located simultaneously opposite their 
respective reluctance poles (7), on the second motor part (2) 
and, similarly, such that all permanent-magnetic poles (3) 
Will be simultaneously located opposite their respective 
reluctance poles (7), and Wherein the number of permanent 
magnetic poles (3) is smaller than the number of reluctance 
poles (7) on the core of the second motor part (2), such that 
no permanent-magnetic poles (3) are present in some of 
those positions Which Would be occupied by such 
permanent-magnetic poles if a number of permanent 
magnetic poles (3) equal to the number of reluctance poles 
(7) of the core of the second motor part (2) Were distributed 
uniformly. 

2. A motor according to claim 1, Wherein the number of 
ferromagnetic poles (4) on the core of the ?rst motor part (1) 
is smaller than the number of reluctance poles (7) on the core 
of the second motor part (2), such that no ferromagnetic 
poles (4) are present on the core of the ?rst motor part (1) 
at a number of those positions in Which such ferromagnetic 
poles Would be present With uniform distribution of a 
number of ferromagnetic poles (4) equal to the number of 
reluctance poles (7) present on the core of the second motor 
part 

3. A motor according to claim 1, Wherein those spaces on 
the core of the ?rst part (1) in Which no permanent-magnetic 
and/or ferromagnetic poles (3, 4) are present are used to 
accommodate the magnetiZing Winding (5A,5B). 

4. A motor according to claim 1 having a cylindrical air 
gap (6), Wherein the ?rst motor part (1) forms a stator Which 
lies outside the air gap (6) and the second motor part forms 
a rotor (2) Which lies inWardly of the air gap (6), Wherein 
stator core (1) is provided With an even number of magnetic 
pole groups; in that each such pole group includes at least 
tWo ferromagnetic poles (4) having a pole pitch Which 
corresponds to the pole pitch of the reluctance poles (7) on 
the rotor core (2), at least tWo such pole groups additionally 
including at least one ferromagnetic pole (3) placed in the 
gap betWeen tWo ferromagnetic poles (4) of the respective 
pole group; and in that the tWo permanent-magnetic poles 
(3) have mutually opposed polarities relative to the air gap 
(6) and each pole group is so magnetically connected to he 
magnetiZing Windings (5A, 5B) that all of the poles (3, 4) in 
the pole group are magnetiZed in mutually the same direc 
tion but in opposite directions relative to adjacent pole 
groups. 

5. A motor according to claim 4, Wherein the stator core 
(1) has a generally rectangular cross-section and carries on 
each of tWo opposing sides a pole group Which includes at 
least tWo ferromagnetic poles (4) and at least one 
permanent-magnetic pole (3) placed in the gap therebe 
tWeen. 

6. Amotor according to claim 5, Wherein the magnetiZing 
Winding is comprised of coil Windings arranged around both 
other sides of the stator core 
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7. A motor according to claim 4, wherein the stator core 
(1) has a generally C-shaped cross-section and carries on 
each of its tWo opposing legs a pole group Which includes at 
least tWo ferromagnetic poles (4) and at least one 
permanent-magnetic pole (3) placed in the gap therebe 
tWeen; and in that the magnetiZing Winding is comprised of 
a coil Winding arranged around the centre part of the stator 
core connecting the tWo legs of the stator core 

8. A motor according to claim 2 having a cylindrically 
curved air gap, Wherein the ?rst motor part forms a stator 
Which lies outside the air gap and the second motor part 
forms a rotor Which lies inWardly of the air gap, Wherein the 
stator core (9) eXtends along only a limited part of the length 
of the air gap as seen in the direction of relative rotation and 
is provided With at least tWo groups of magnetic poles each 
including tWo ferromagnetic poles (4) and a permanent 
magnetic pole (3) placed in the gap therebetWeen; in that the 
permanent-magnets (3) in the tWo pole groups have mutu 
ally opposite polarities in relation to the air gap; and that the 
magnetiZing Winding (5) is comprised of a coil Winding 
arranged around that part of the stator core (9) Which 
magnetically connects the tWo pole groups. 

9. A motor according to claim 8, Wherein the motor 
includes a plurality of stator cores (9) of the aforesaid 
construction arranged in different positions along the rotor 
core 

10. A motor according to claim 1, Wherein the ferromag 
netic cores of the tWo motor parts are separated by tWo 
cylindrical, coaXial and aXially spaced air gaps; in that the 
cores of the tWo motor parts are provided With ferromagnetic 
and permanent-magnetic poles and reluctance poles respec 
tively in the aforesaid manner at at least one air gap; and in 
that the magnetizing Winding is comprised of a coil Winding 
arranged, When seen axially, betWeen said tWo air gaps. 

11. Amotor according to claim 1, Wherein the cores of the 
tWo motor parts are also provided With ferromagnetic and 
permanent-magnetic poles and reluctance poles respectively 
in the aforesaid manner at the second air gap; and in that the 
permanent-magnetic poles have oppositely directed polari 
ties at the tWo air gaps. 

12. A motor according to claim 11, Wherein the cores of 
the tWo motor parts have smooth surfaces on Which no poles 
are present at the second air gap. 

13. A motor according to claim 1, Wherein the reluctance 
poles on the core of the second motor part (2) are replaced 
With permanent-magnetic poles (10) in a manner such that 
instead of each reluctance pole, there are tWo permanent 
magnetic poles (10) Which are located adjacent one another 
in the direction of a rotation and Which have mutually 
opposite polarities; in that each such permanent-magnetic 
pole (1) has [a Width in the direction of rotation Which over 
a portion of the pole is equal to half the pole pitch and over 
the remainder of the pole is narroWer so that each 
permanent-magnetic pole (10) has a part (10A)] a ?rst 
portion and a second portion (1 0A) each of Which [projects] 
project in a direction common to all poles; and in the 
permanent-magnetic poles (3) on the core of the ?rst motor 
part (1) are intended to be magnetiZed by the magnetiZing 
Winding (5A, 5B) in a direction Which coincides With its 
permanent-magnetic polarity. 

14. Amotor according to claim 2, Wherein those spaces on 
the core of the ?rst part (1) in Which no permanent-magnetic 
and/or ferromagnetic poles (3, 4) are present are used to 
accommodate the magnetiZing Winding (5A,5B). 

15. Amotor according to claim 14 having a cylindrical air 
gap (6), Wherein the ?rst motor part (1) forms a stator Which 
lies outside the air gap (6) and the second motor part forms 
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a rotor (2) Which lies inWardly of the air gap (6), Wherein the 
stator core (1) is provided With an even number of magnetic 
pole groups; in that each such pole group includes at least 
tWo ferromagnetic poles (4) having a pole pitch Which 
corresponds to the pole pitch of the reluctance poles (7) on 
the rotor core (2), at least tWo such Dole groups additionally 
including at least one ferromagnetic pole (3) placed in the 
gap betWeen tWo ferromagnetic poles (4) of the respective 
pole group; and in that the tWo permanent-magnetic poles 
(3) have mutually opposed polarities relative to the air gap 
(6) and each pole group is so magnetically connected to the 
magnetiZing Windings (5A, 5B) that all of the poles (3, 4) in 
the pole group are magnetiZed in mutually the same direc 
tion but in opposite directions relative to adjacent pole 
groups. 

16. Amotor according to claim 15, Wherein the stator core 
(1) has a generally rectangular cross-section and carries on 
each of tWo opposing sides a pole group Which includes at 
least tWo ferromagnetic poles (4) and at least one 
permanent-magnetic pole (3) placed in the gap there 
betWeen. 

17. A motor according to claim 16, Wherein the magne 
tiZing Winding is comprised of coil Windings arranged 
around both other sides of the stator core 

18. A motor according to claim 2, Wherein the ferromag 
netic cores of the tWo motor parts are separated by tWo 
cylindrical, coaXial and aXially spaced air gaps; in that the 
cores of the tWo motor parts are provided With ferromagnetic 
and permanent-magnetic poles and reluctance poles respec 
tively in the aforesaid manner at at least one air gap; and in 
that the magnetiZing Winding is comprised of a coil Winding 
arranged, When seen axially, betWeen said tWo air gaps. 

19. A motor according to claim 18, Wherein the reluctance 
poles on the core of the second motor part (2) are replaced 
With permanent-magnetic poles (10) in a manner such that 
instead of each reluctance pole, there are tWo permanent 
magnetic poles (10) Which are located adjacent one another 
in the direction of a rotation and Which have mutually 
opposite polarities; in that each such permanent-magnetic 
pole (10) has [a Width in the direction of rotation Which over 
a portion of the pole is equal to half the pole pitch and over 
the remainder of the pole narroWer so that each permanent 
magnetic pole (10) has part (10A)] a ?rst portion and a 
second portion (10A) each of Which [projects] project in a 
direction common to all poles; and in that the permanent 
magnetic poles (3) on the core of the ?rst motor part (1) are 
intended to be magnetiZed by the magnetiZing Winding (5A, 
5B) in a direction Which coincides With its permanent 
magnetic polarity. 

20. A motor according to claim 16, Wherein the reluctance 
poles on the core of the second motor part (2) are replaced 
With permanent-magnetic poles (10) in a manner such that 
instead of each reluctance pole, there are tWo permanent 
magnetic poles (10) Which are located adjacent one another 
in the direction of a rotation and Which have mutually 
opposite polarities; in that each such permanent-magnetic 
pole (10) has a [Width in the direction of rotation Which over 
a portion of the pole is equal to half the pole pitch and over 
the remainder of the pole is narroWer so that each 
permanent-magnetic pole (10) has a part (10A)] a ?rst 
portion and a second portion (1 0A) each of Which [projects] 
project in a direction common to all poles; and in that the 
permanent-magnetic poles (3) on the core of the ?rst motor 
part (1) are intended to be magnetiZed by the magnetiZing 
Winding (5A, 5B) in a direction Which coincides With its 
permanent-magnetic polarity. 

* * * * * 


