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SUBSYNCHRONOUS RELl'"CT A..""i'CE ELECTRICAL MACHIJ\"E 

The present invention relates to a new reluctance electric machine 

and, more particular1y, to a rotating or linear subsynchronous 

reluctance machine. 

As is known by those of skill in the art, one of the best known and 

s most employed t~·pes of reluctance electrical machines is the switched 

reluctance motor, which presents, as a limiting aspect to the use 

thereof, the existence of torque and speed oscillations, as well as the 

difficulty of imposing high variation rates in the electric current. 

Other drawbacks of this switched reluctance motor relates to the fact 

l O that the circuits employed for controlling and feeding them are very 

complex and expensive, specially in respect of high-power machines. 

As an alternatiYe to soh·e the above mentioned drawbacks, the patent 

application PI9400880-9, published on 10/24/95 and relating to 

"Reluctance electrical machine" has been proposed; which provided 

15 an electrical machine comprised of a rotor and a stator. Said stator 

was proYided ,,·ith a core comprised of magnetic plates and provided 

with longitudinal teeth projecting towards the rotor. Said stator also 

comprised a plurality of grooves capable of receh·ing a multi-phase 

winding, said winding being comprised of a plurality of coils 

20 homogeneously surrounding the stator's magnetic material. As a 

supplementation, said rotor was formed by a core of magnetic plates 

pro·vided with Jongitudinal teeth projecting towards the stator. Thus, 

upon energizing of said coils by a balanced multiphase ''oltage, a 
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rotating field was generated, which caused a relatiYe movement 

25 between rotor and stator. 

However, and eYen though such machine was capable of o,·ercoming 

the drawbacks of the prior art, there is still the fact that the electrical 

machine described on patent application Pl 9400880-9 has the 

particular drawback of a low power factor, and in some cases may 

30 increase the cost of the drh·e system. 

It is an object of the present inYention 10 provide a reluctance 

electrical machine providing high torque at low speeds, 

advantageously replacing the switched reluctance, com'entional 

electrical machines. 

35 It is an object of the present inYention to provide a reluctance 

electrical machine presenting high torques at low speeds, 

advantageously replacing in terms of cost and maintenance the 

conventional mechanical reduction machines that multiply tbe torque 

and decrease the speed. 

4 o It is an object of the present invention to proYide a reluctance 

electrical machine that allows a large control of the rotation and 

torque thereof, without the need of a complex and expensive power 

and control circuit. 

Another object of the present im·ention is to pro,ide a reluctance 

4 5 electrical machine that, by reason of its constructh•e features, does not 

present oscillations in the resulting torque and speed. 

Another object of the present inYention is to provide an improvement 
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on the reluctance electrical machine as per the aboYe described patent 

application PI 9400880-9, ha,ing characteristics of a high power 

so factor. 

These and other objects and ad,·antages of the present im·ention are 

achie,·ed by a sub-synchronous reluctance electrical machine 

comprised of a stator proYided with a core composed of magnetically 

uncoupled or weakly coupled sectors of ferromagnetic plates having 

ss longitudinal teeth arranged on the face thereof facing the rotor and 

pro'\-·ided with grooves to house a winding, the latter being comprised 

of a plurality of coils surrounding the ferromagnetic material, thereby 

creating a magnetic field when the winding thus defined is energized. 

Said rotor is an integral part of the machine and is in turn provided 

6 O with a core comprised of ferromagnetic plates ha,ing longitudinal 

teeth arranged uniformly along its face turned towards the stator. In 

addition, the number of teeth on the rotor is necessarily different from 

the number of teeth on the stator. 

The machine is further pro,ided with a device for monitoring and 

65 identifying the relath•e position between the stator and rotor teeth in 

order to allow the identification of the region of largest magnetic 

permeability between the rotor and the stator, in order to allow the 

proper feeding of the stator coils, thereby obtaining the maximum 

possible torque. 

7 O The present im·ention has constructive characteristics similar to those 

of the machine described on patent application PI9400880-9, howeYer 
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it is fundamentally different therefrom in the following items: 

- The stator core is comprised of magnetically uncoupled or weakly 

coupled sectors, contrary to the machine described on the document 

7 5 PI9400880-9, which employs integral magnetic plates; and 

- The coils are indhidually fed with currents controlled and monitored 

by deYices identifying the relath'e position between the stator and 

rotor teeth, whereas on the document PI9400880-9 the coils are 

multiphase and are energized by balanced multiphase voltages. 

8 o - These differences allow the machine subject matter of the present 

im'ention to possess a high power factor, which means that during the 

operation thereof the machine absorbs low currents. 

Accordingly, it is an object of the present im·ention to proYide a 

sub-synchronous reluctance electrical machine of the type comprising 

85 at least one rotor formed of ferromagnetic plates and provided with a 

plurality of uniformly distributed teeth and at least a stator proYided 

on the surface thereof facing said rotor with a second plurality of 

teeth, also unif onnJy arranged, plus windings, said windings being 

selecth·ely fed by a current power source, and the at least one stator 

9 o is formed by a series of magnetically uncoupled or weakly coupled 

sectors of ferromagnetic plates, each sector comprising at least one 

vlinding, the at least one winding of each sector having the power 

thereof controlled by a monitoring de,ice, and the number of teeth on 

the stator being different from the number of teeth on the rotor. 

95 The scope of the present im'ention will be best understood in the light 
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of the following description, made with reference to the appended 

drawings, shown for illustratiYe purposes only and not as limitation 

of the scope of the inYention, wherein: 

- Figure 1 is a perspecth"e view in partial section of a 

100 sub-synchronous reluctance rotating motor made according to the 

inventh'e concept defined for the sub-synchronous electrical machine 

with one \\inding on the stator, said stator being e:>.1ernal to the 

rotor; 

- Figure 2 is a section Yiew of the motor shown on Figure 1; 

105 - Figure 2a is an enlarged detailed view of the section of the motor on 

Figure 2; 

- Figure 2b is a 'iew similar to Figure 2a, but with the rotor displaced 

l/6th from the pitch of the stator teeth; 

- Figure 3 is a perspecth·e dew in partial section of a 

11 o sub-synchronous reluctance rotating motor identical to the one shown 

on Figure 1, but with the stator internal to the rotor; 

- Figure 4 is a section Yiew of the motor shown on Figure 3; 

- Figure 5 is a schematic, perspective representation of a 

sub-synchronous reluctance linear motor made according to the 

115 im·entiYe concept defined for the sub-synchronous reluctance 

electrical machine. 

- Figure 6 is a longitudinal section ''iew of the motor shown on Figure 

5· 
' 

- Figure 7 is a perspecth·e Yiew of a sub-synchronous reluctance disc 
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120 motor made according to the im'enth·e concept defined for the 

sub-synchronous reluctance electrical machine. 

- Figure 8 is a cross-section Yiew of the motor on Figure 7; 

- Figure 9 is a perspective, partial section view of a motor with two 

stators and two (inner and outer) sub-synchronous reluctance '"''in dings 

125 made according to the inventh-e concept defined for the 

sub-synchronous electrical machine; 

- Figure 10 is an eJe,·ation Yiew of the shaft end of any of the motors 

ilJustrated abo,·e, to which is coupled a de,ice for monitoring and 

identifying the relath•e position between the rotor and stator teeth; and 

130 - Figures 11-llc illustrate in a schematic manner the movement of a 

linear motor of the type sho,,n on Figure 5. 

In accordance with the aboYe figures, the reluctance electrical 

machine of the present im·ention is conceptually .defined by a stator 

10 provided with a core comprised of magnetically uncoupled or 

135 weakly coupled ferromagnetic plate sectors 11 having longitudinal 

teeth 1 arranged on the face thereof turned towards the rotor 20 and 

prodded with groo'\'es 2 for housing one or more windings 6. 

These windings 6 are comprised of a plurality of coils surrounding the 

magnetic material of stator 10, in order to generate a magnetic field 

14 o wheneYer this winding is energized. 

As an integral part of the sub-synchronous reluctance electrical 

machine is said rotor 20 which is in turn pro·vided with a core of 

ferromagnetic plates naving longitudinal teeth 21 uniformly arranged 
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along the face thereof turned towards the stator 10, said teeth 21 

145 being in a number different from the number of teeth 1 of stator IO. 

l\fore specifically, Figures 1-2 shown a sub-synchronous rotating 

motor the shell of which fixedly houses a stator 10 within which is 

arranged a rotor 20 supported by shaft 5. 

"As shown, the stator IO is formed by a plurality of magnetically 

150 uncoupled or ·weakly coupled sectors 11, and is formed of 

ferromagnetic plates, the surface facing the rotor 20 being provided 

''ith a plurality of teeth 1. In addition, said stator is pro,ided with a 

series of groo,'es 2 within which are arranged the windings 6. 

In a supplementary manner, rotor 20, formed off erromagnetic plates, 

155 is pro,ided with a plurality of teeth 21 on the surface thereof facing 

the stator 10, the number of teeth 21 of rotor 20 being different from 

the number of teeth 1 of stator 10. 

Figures 3-4 illustrate a motor similar to the one described above, 

differing therefrom only in that the stator 10 is internal and supported 

16 o by shaft 5, whereas the rotor 20 is attached to the motor shell 3. 

Figures 5-6 ilJustrate in a Yerv schematic manner a linear motor 

wherein the stator 10 and the rotor 20 face each other by means of 

respectiYe teeth 1 and 21. The stator 10 in accordance with the 

inYention is formed o uncoupled or weakly coupled sectors, and ·the 

165 windings 6 are housed within each sector. 

Figures 7-8 in turn illustrate also in a schematic manner a 

sub-synchronous disc motor, wherein rotor 20 is attached to the motor 
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shaft 5 and faces the stator 10 by means of the respective teeth 21 and 

l. The stator 10 is formed of a plurality of uncoupled sectors 11, in 

l 7 o this case illustrated by only two sectors 11, each provided with 

groo,'es to receh·e the windings 6. Said windings are maintained 

within each of the sectors 11 of stator 10, specifically inside the 

respecth•e grom·es 2. 

Finally, Figure 9 illustrate a sub-synchronous reluctance motor of two 

175 stators 10, 101 and two windings 6, 6', made in accordance with the 

characteristics of the present inYention. 

1\fore particularly, said motor is formed of a first, external stator 10 

attached to shell 3, which surrounds a rotor 20 attached to shaft 5, in 

a known manner. Said stator 10 is pro,ided with a series of internal 

18 o teeth 1 which face a series of e11ernal teeth 21 of rotor 20. Said rotor 

20 is pr°'ided internally thereof with a second series of teeth 211 

which face a series of teeth l 1 of the second stator 10'. In this case, 

the stators 10, 101 are fixed and have the respective sectors 11, 11' 

cooperating in an angular position, as are cooperating the respective 

185 ·windings 6, 61
• 

The machine is further prolided with a monitoring delice 4 for 

reJatfre identification of the teeth of rotor 20 and the teeth of stator 

10, as shown on Figure 10. Such device, of a known type, can be for 

example a resoh•er or an encoder, and is capable of determining the 

19 o relath•e position between the teeth 1 of stator 10 and teeth 21 of rotor 

20. 
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Alternath·eJy, this monitoring device 4 can be comprised, for 

example, of a position detector based on Hall effect, properly attached 

to the stator. 

19 s For a better understanding of the im·enth·e concept now claimed, the 

operation of the sub-synchronous reluctance electrical machine wiIJ be 

described in a more detailed manner, taking as reference the linear. 

sub-synchronous motor shown on Figure 5. 

By means of the monitoring de,ice 4 for identification of the relative 

200 position of teeth 1 of stator 10 and teeth 21 of rotor 20, the condition 

indicated on Figure 11 (teeth la and 21a aligned) is identified and the 

coils 6a and 6b are energized, that is, the magnetic field is always 

maintained at 90§ magnetic degrees from the region of highest 

permeability, thereby causing a displacement of teeth 21 of rotor 20, 

205 until they reach an equilibrium position shown on Figure 22a. In this 

condition, wherein the stator teeth le can be seen in alignment with 

rotor teeth 21e, the coil 6a is de-energized and the subsequent coil 6c 

is energized, jointly with coil 6b, thereby causing a new displacement 

of rotor teeth 21 towards the position shown on Figure llb. In the 

21 O same sequence, coil 6b is de-energized, and coils 6c and 6d are 

energized, thereby obtaining a displacement of rotor 20 towards the 

position shown on Figure Uc, where teeth 11 is seen aligned with 

teeth 211, and so on and so forth. 

Accordingly, by successively repe.ating in a controlled manner the 

215 operation of energizing and de-energizing the coils, a controlled 
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mo,•ement of rotor 20 is obtained. 

As shown on Figure 11, when the windings 6a and 6b of stator 10 are 

energized, the region of highest permeability between stator 10 and 

rotor 20 tends to stay in alignment with the field, so that the Jatter 

220 drags with it said region of highest permeability, thereby causing the 

relath•e displacement between rotor 20 and stator 10. 

'''bile the winding is successively energized and de-energized, the 

sequence of mo,·ements between rotor 20 and stator 10 takes place, so 

that, upon completion of 360 electrical degrees of field displacement, 

225 the rotor 20 will ha\'e tra,·ersed only two teeth of stator 10. 

In the e\'ent that the field is placed out of phase by 90§ in the opposite 

direction, an operation in the four quadrants can be obtained, that is, 

an acceleration or braking torque can be obtained in either of the 

machine's directions of rotation (clockwise or counterclockwise). 

230 The proper combination of the number of teeth 1 of stator 10 with the 

number of teeth 21 of rotor 20 allows the achie\'ement of torque and 

determination of the synchronous speed of the sub~synchronous 

reluctance electrical machine. As already said, the number of teeth of 

rotor 20 should differ from the number of teeth 1 of stator 10. By way 

235 of example, the practical construction ilJustrated on Figure 1 shows 

a stator with 144 teeth and a rotor with 146 teeth. 

The speed of rotor 20 is a function of the number of teeth of said 

rotor 20 and a function of the triggering frequency of the power 

source (not iliustrated), that is, in a more specific manner, the speed 
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24 o of rotor 20 is directly proportional to the triggering speed of the 

power source and inversely proportional to the number of teeth 21 of 

rotor 20. Accordingly, it can be concluded that with a proper selection 

of the number of teeth 21 of rotor 20 it is eaS)' to obtain any rated 

rotation or speed, with the ''ariation of the power source switching 

245 frequency further allowing the achievement any rotation or speed, 

from zero to the rated value. 

E\'en though some constructive models for the sub·syncbronous 

electrical machine ha\"e been described and illustrated, it should be 

emphasized that the inventh-e concept can be applied to any type of 

2 so configuration or employ any type of power source for the winding 6 

of stator 10. 

In par!kular, said power source (not illustrated) should have as a 

feature thereof the possibility of being directly or indirectly controlled 

by the monitoring device 4, thereby to feed the windings 6 of sectors 

255 11, according to the relati\'e position between stator 10 and rotor 20. 

In respect of the monitoring device 4, in addition to the pref erred 

types described aboYe, use could be made of any device capable of 

accurately determining the relative position between stator 10 and 

rotor 20, and that may control a power source for the windings 6, 

2 6 O either directly or through an interface. 

On the other hand, the internal position adopted for the "in ding 6 can 

also be modified, such as, for example, by arranging the winding or 

windings 6 around the teeth 1 of stator 10. Another alternath·e is 
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arranging the winding 6 around each of the sectors 11, thereby 

265 completely surrounding each said sector 11. In addition, each sector 

may comprise more than one winding 6, each fed separately by a 

respecti"e power source. 
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Claims 

1. Sub-synchronous Reluctance Electrical :Machine of the type 

comprising at least one rotor 20 formed of ferromagnetic plates and 

pr°''ided with a plurality of unifonnly distributed teeth 21, and at 

least one stator 10 pro,ided ~ith a second plurality of teeth 1 also 

5 uniformly distributed thereon, plus windings 6, said windings 6 being 

selectively fed by a current power source, characterized in that the at 

least one stator 10 is formed of a series of magnetically uncoupled or 

weakly uncoupled sectors 11 of ferromagnetic plates, each sector 11 

comprising at least one winding 6, the at least one winding 6 of each 

10 sector 11 having the power thereof controlled by a monitoring de,ice 

4, the number of teeth 1 of stator 10 being different from the number 

of teeth 21 of rotor 20. 

2. .Machine in accordance with claim 1, characterized in that 

each winding 6 is preferentially arranged in a grooYe 2 of sector 11 

15 of stator 10. 

3. :Machine in accordance with claim 1, characterized in that 

the current power source for windings 6 is controlled by a de'\'ice 4 

monitoring the relatiYe position between teeth 1 of stator 10 and teeth 

21 of rotor 20, said monitoring deYice 4 being a Hall-type detector. 

20 4. :Machine in accordance of claim 3, characterized in that said 

monitoring deYice is alternately an encoder or a resolYer. 

5. :Machine in accordance with claim 1, characterized in that it 

is a sub-synchronous reluctance rotating motor. 
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6. 1\fachine in accordance with claim 1, characterized in that it 

25 is a sub-synchronous reluctance linear motor. 

7. 1\fachine in accordance with claim 1, characterized in that it 

is a sub-synchronous reJuctance disc motor. 

8. Machine in accordance with claim 1, characterized in that it 

is a motor comprising two or more stators 10, 101 and two or more 

30 sub-synchronous reluctance "indings 6. 
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