23 APR 2004 0 SUBSYNCHRONOUS RELUCTA.\ CE ELECTRI CAL MACHI NE The present

I nvention relates to a new reluctance electric machine and, nore
particularly, to a rotating or |inear subsynchronous reluctance n%éfﬁpﬁewm
As is known by those of skill in the art, one of the best known and 5 nost
enpl oyed types of reluctance electrical machines is the swtched

rel uctance notor, which presents, as a |imting aspect to the use thereof,
t he exi stence of torque and speed oscillations, as well as the difficulty
of inposing high variation rates in the electric current. O her drawbacks
of this switched reluctance notor relates to the fact 10 that the circuits
enpl oyed for controlling and feeding themare very conplex and expensive,
specially in respect of high-power machines. As an alternative to solve

t he ove ment 3Gk S, P nt | ' 9 0-9,

publ ?‘Ss)hed on 1%%5%&%&%9?& mlo&igg%%@éﬁ&g& ﬁl‘atéﬁ?ﬁ; chi ne" has
been proposedThetiebentrigvestash Foladed &) 8Gid QQLC%@@@]&IS@%EU?E? of a rotor
and a stator. Said stator was provided with a core conprised of magnetic
pl ates and pravddadorenipanticayyi Ui narotagivghoprlpjeact sulsyndwamdsst he rot or.
Said stator als0 coen‘giai FTEd a plurality of grooves capable of receiving a
mul ti - phase W'ﬁ%‘?ﬂ@, Y H’ew ndi ng being conprised of a plurality of coils
20 honpgeneougk ¥is HHoAUBH ithéket Hesial afnOMheSarfBEMELT ¢heBEGM hitlwn Afda

suppl ementation, said rotor was fornmed by a core of magnetic plates
provided wi t hmioghenpledied ) pesedtielyptojcecd éatgjeal onackds et isahgtsaitobed Thus, upon

energi zi ng of _sai.d coil b .hal anced nul ti phase vol tage, a
9 9 re?ucumce mo 0r,yu%xcql presents, as a mnansng aspectgto 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
10 that the circuits employed for controlling and feeding them are very
complex and expensive, specially in respect of high-power machines.
As an alternative to solve the above mentioned drawbacks, the patent
application PI3400880-9, 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 provided with 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 receiving 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
provided with longitudinal teeth projecting towards the stator. Thus,

upon energizing of said coils by a balanced multiphase voltage, a




1 2 3 APR 1004 rotating field was generated, which caused a relatiy
novenment 25 between rotor and stator. However, and even though sdkgAPR2%4
machi ne was capabl e of overcom ng the drawbacks of the prior art, there is
still the fact that the electrical machine described on patent application
P1: 9400880-9 has the particular drawback of a | ow power factor, and in
sone cases may 30 increase the cost of the drive system It is an object
of the present invention to provide a reluctance electrical nmachine

provi ding high torque at | ow speeds, advantageously replacing the swtched
rel uctance, conventional electrical machines. 35 It is an object of the
present invention to provide a reluctance electrical machi ne presenting

hi gh torques at | ow speeds, advantageously replacing in ternms of cost and
mai nt enance the conventional nechani cal reduction machines that nmultiply

the torque and decr e the speed.. 9 0 Lt is an object of the present
i nvention to B?'&@"i“&eggﬁr &Yasc BEifEatedg Egicrl“i &Larse EhT‘Jﬁ%“\eI'uJPO‘éFI"? a large

controd of thgefidedt iR 208 statr que thereof, without the need of a conplex
and expensive power and control circuit. Another object of the present
i nvention i s Howeaven, gied evaneihoaihrnoeh nadiee vas capabiaofiiovercohang by reason

of its constructive features, does not present scif_lla ions in the
resul ting torHlF’ed'é?ﬁEP%b%BH?he prior art, thereis still the fact that the electrical

machine described on patent application PI 9400880-9 has the
particular drawback of a low power factor, and in some cases may

20 increase the cost of the drive system.

It is an object of the present invention to provide a reluctance
electrical machine providing high torque at low speeds,
advantageously replacing the switched reluctance, conventional
electrical machines.

35 It is an object of the present invention to provide a reluctance
electrical machine presenting high torques at Jow speeds,
advantageously replacing in terms of cost and maintenance the
conventional mechanical reduction machines that multiply the torque
and decrease the speed.

40 It is an object of the present invention to provide 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 invention is to provide a reluctance

electrical machine that, by reason of its constructive features, does not

159
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present oscillations in the resulting torque and speed.

Another object of the present invention is to provide an improvement



Anot her obj ect of the present invention is to provide an inprovenent 2 2 3
APR 2004 on the reluctance el ectrical nmachine as per the above descgiiokRR 7004
patent application Pt 9400880-9, having characteristics of a high power

50 factor. These and ot her objects and advantages of the present invention
are achieved by a sub-synchronous reluctance el ectrical machine conprised
of a stator provided with a core conposed of magnetically uncoupled or
weakly coupl ed sectors of ferromagnetic plates having 55 | ongitudinal teeth
arranged on the face thereof facing the rotor and provided with grooves to
house a winding, the latter being conprised 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 60 with a core conprised of

erromanet © Bl SLSRuBBARBLPAU SRS 5P Mol RRRST JgER 2 ono

its face turné&d € nunperf of teeth on

the rotor is &%?ﬁﬁﬁ%ﬂ Ipt 9iddsen Nt Hak PP chiracteviiiey off a iggh powert he stator.
The machine is further provided with a device for nonitoring and 65

I dent$9yi ng tﬁéﬂpelative_ppsition between the stator and rotor teeth in
oree 50, L O ahIaTh D T LB B 0 PRI
proper feedi ngcRfevéde b3t & ObulQHlchroddiRr eRYu@RI Ndlegrichle faxhiem possi bl e
torque. comprised of a stator provided with a core composed of magnetically
uncoupled or weakly coupled sectors of ferromagnetic plates having
55 longitudinal teeth arranged on the face thereof facing the rotor and
provided 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
60 with a core comprised of ferromagnetic plates having longitudinal
teeth arranged uniformly zlong 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 provided with a device for monitoring and
! 65 identifving the relative position between the stator and rotor teeth in
order to allow the identification of the region of Jargest 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.

70 The present invention has constructive characteristics similar to those

of the machine described on patent application P19400880-9, however




7 0 The present invention has constructive characteristics simlar 13 ARRoHR
of the machi ne described on patent application P19400880-9, however 3 13
APR 2004 it is fundanentally different therefromin the following itens: -
The stator core is conprised of nmagnetically uncoupled or weakly coupled
sectors, contrary to the machi ne described on the docunent 75 PI9400880-9,
whi ch enpl oys integral magnetic plates; and - The coils are individually
fed with currents controlled and nonitored by devices identifying the

rel ative position between the stator and rotor teeth, whereas on the
docunent PI 9400880-9 the coils are nultiphase and are energi zed by

bal anced mul ti phase voltages. 80 - These differences all ow the machi ne
subject matter of the present invention to possess a high power factor,

whi ch means t hat during t he operation t hereof the machi ne absorbs | ow
currents. Accotdi e f the S nyention to provide
a sub- synchroHdﬁg%Pé?Wé?gﬂéé?§F8§#I% gﬁhﬁﬂdﬂﬂﬁsqiﬁ‘PHe PSS conprising 85
at | east one rotge $1910FR@refis LEMPARBIREhERhRE f EHduple@VdrdReaiivt h a
plurality of uniformy distributéd teeth and at 1east a stator provided on
the surface theounléd fsedtorgyy emitcarydpahe wnadhine desoitedpinuthd dequragnt t eet h,

al so | formy . plLus wi Id windin bei ng selectively
f ed bu'P% curreﬁﬁ@gagﬁgsoﬁh‘% e"aﬁlg ﬁ@f {z‘?]' ’é‘ﬁs?etbangz‘fsataBB 90 is fornmed by
a series of nagmgkicead hvemaﬁq&mlﬁdréar“Mﬁ%lﬁ}yenQpéa@Jtﬁﬂued%eﬁtrﬁéﬁt&ied
ferromagnetic plates, each sector conprising at |east one wnding, the at

| east one wi ndbngﬂeoiceeaxdhns‘écng)rthlaaxyeimg et pesiomebetween the stator and
rotor teeth, whereas on the document PI9400880-9 the coils are
multiphase and are energized by balanced multiphase voltages.
g0 - These differences zllow the machine subject matter of the present
invention 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 invention to provide a
sub-synchronous reluctance electrical machine of the type comprising
85 at Jeast one rotor formed of ferromagnetic plates and provided with a
plurality of uniformlv distributed teeth and at least a stator provided
on the surface thereof facing said rotor with a second plurality of
teeth, also uniformly arranged, plus windings, said windings being
i selectively fed by a current power source, and the at least one stator
g0 is formed by a series of magnetically uncoupled or weakly coupled
sectors of ferromagnetic plates, each sector comprising at least one
winding, the at least one winding of each sector having the power
thereof controlled by a monitoring device, and the number of teeth on
the stator being different from the number of teeth on the rotor.

§5 The scope of the present invention will be best understood in the light




t hereof controlled by a nonitoring device, and the nunber of teeth on the
stator being different fromthe nunber of teeth on the rotor. 95 The_scope
ABFAPR 2004

of the present invention will be best understood in the light a 2 3
2004 of the follow ng description, made with reference to the appended
drawi ngs, shown for illustrative purposes only and not as |limtation of
the scope of the invention, wherein: - Figure 1 is a perspective viewin

partial section of a 100 sub-synchronous reluctance rotating notor nade
according to the inventive concept defined for the sub-synchronous
el ectrical machine wth one winding on the stator, said stator being

external to the rotor; - Figure 2 is a section view of the notor shown on
Figure 1; 105 - Figure 2a is an enlarged detailed view of the section of
the notor on Figure 2; - Figure 2b is a viewsimlar to Figure 2a, but

with the rotor digspla 0'%3n°135§%,5?}p‘;1,{0§m lﬁ,‘?g R\i-i[hc@ef%?eﬁc?eg)shﬁetlgﬁ%ér@%h;

Figure 3 is a perspective®vi ar sectron o -synchr onous

rel uctance rot grawiagfDiywn danfliuealative flipodieoBPME natresHiigltagod, but with
the stator internal to the rotor; - Figure 4 is a section view of the notor

shown on Fi gur ef ghe scope frideiinveptipohenberieln: perspective representation of a
sub- synchr onous trl:‘leé]xurﬁt nce |inear_noptor nade accoggg gs%&ioﬁaheof 115 '
e reluc

i nventive concep i ned"f of Pﬁ?pgﬂﬁ)‘;esyﬁ]é?ﬁ'ro ibu® ance

100 sub-synchronous reluctance rotating motor made according to the
inventive concept defined for the sub-synchronous electrical machine
with one winding on the stator, said stator being external to the
rotor;
- Figure 2 is a section view 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 view similar to Figure 2a, but with the rotor displaced
1/6th from the pitch of the stator teeth;
- Figure 3 is a perspective view in partial section of a

110 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 view 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

i1s inventive concept defined for the sub-synchronous reluctance
electrical machine.
- Figure 6 is a longitudinal section view of the motor shown on Figure

=H

- Figure 7 is a perspective view of a sub-synchronous reluctance disc




el ectrical machine. - Figure 6 is a |ongitudinal section view of the notor
shown on Figure 5: - Figure 7 is a perspective view of a sub-synchronous
reluctance disc 5 2 3 APR 2004 120 notor nmade according to the inven%%v&Rzm‘
concept defined for the sub-synchronous reluctance electrical nmachiheg. ™ -
Figure $ is a cross-section view of the notor on Figure 7; - Figure 9 is a
perspective, partial section view of a notor wwth two stators and two

(i nner and outer) sub-synchronous reluctance wi ndings 125 nmade according

to the inventive concept defined for the sub-synchronous electrical

machine; - Figure 10 is an elevation view of the shaft end of any of the
notors illustrated above, to which is coupled a device for nonitoring and
identifying the relative position between the rotor and stator teeth; and
130 - Figures 11-11c illustrate in a schematic manner the novenent of a

| i near %)tor of _the %l\ége shom$1 on Figure 5. In accordance with the above
fi gured°t he réP?}(?fa €etELIYINBalC RACHIVRBUYR (ancepl c8nedi farembe on is
conceptual’y 08ubRohcHbnBus tghllanct MIRLAI Iadcilbh @ core comprised of
magneti cal |y uncoupl ed or 135 weakly couple Ferromagnetlc pl ate sectors 11

havi ng_ | ongi t udikighre 8 detatcrassasecdogedieanct fie fata sh@ignt 1;ur ned towards
i,ded with grooves 2 for housing one or nore w ndi ngs

Es.heTLgtsgr W-Zﬂdfiﬁg’gg%%%‘és BAfFTRSEYE0 PRI et tYevpiof comogorsuithduadi ng t he
stators and two (inner and outer) sub-synchronous reluctance windings
125 made according to the inventive concept defined for the
sub-synchronous electrical machine;
- Figure 10 is an elevation view of the shaft end of any of the motors
Hlustrated above, to which is coupled a device for monitoring angd
identifying the relative position between the rotor and stator teeth; and
120 - Figures 11-11c illustrate in a schematic manner the movement of a
linear motor of the type shown on Figure 5.
In accordance with the above figures, the reluctance electrical
machine of the present invention 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
provided with grooves 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
140 whenever this winding is energized.
As an integral part of the sub-synchronous reluctance electrical
machine is said rotor 20 which is in turn provided with a core of

ferromagnetic plates naving longitudinal teeth 21 uniformly arranged




magnetic material of stator 10, in order to generate a nmagnetic fleld %
whenever this winding is energized. As an integral part of the PR 2004
sub-synchronous reluctance electrical machine is said rotor 20 mhlch is in
turn provided with a core of ferronmagnetic plates naving | ongitudinal
teeth 21 uniformy arranged 6 2 3 APR 2444 along the face thereof turned
towards the stator 10, said teeth 21 145 being in a nunber different from
t he nunber of teeth 1 of stator 10. More specifically, Figures 1-2 shown a
sub-synchronous rotating notor the shell of which fixedly houses a stator
10 within which is arranged a rotor 20 supported by shaft 5. As shown, the
stator 10 is fornmed by a plurality of magnetically 1is o uncoupled or
weakly coupl ed sectors 11, and is forned of ferronagnetic plates, the
surface facing the rotor 20 being provided mﬁth a plurality of teeth 1. In

addition, said es of oove I n which
are arranged th%]%vmg’ &Efﬁggégeﬁeﬁ?guéwﬁf%w ﬁ%‘r‘?ﬁ ?d?elyoﬁ formed of
ferromagnetic pb@hgsnankﬁﬁbéxsd.mpéﬂ:Ckﬁslmv\ﬂhfemxﬁntpérle%étm Qf staff0.21 on the
surface thereof facing the stator 10, the nunber of teeth 21 of rotor 20

bei ng di f f er entMorerspecifiealhynbSgus i éetshodknod sibatyochkMouFi puetsg 3- 4
onl y i n t hat.  HEOSPPEnES 4 hiPRRGNY Rt et purtedy 1l T 5
whereas the rotgiraddd Sratol 20N pbPrel R dRIFOK. shel | 3. Figures 5-6
illustrate in a very schematic nanner a T'inear notor
As shown, the stator 1¢ 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
with a plurality of teeth 1. In addition, said stator is provided with a
series of grooves 2 within which are arranged the windings 6.
In a supplementary manner, rotor 20, formed of ferromagnetic plates,
155 is provided 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
160 by shaft 5, whereas the rotor 20 is attached to the motor shell 3.
Figures 5-6 illustrate in a very schematic manner a linear motor
wherein the stator 10 and the rotor 20 face each other by means of
respective teeth 1 and 21. The stator 10 in accordance with the
invention 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-svnchronous disc motor, wherein rotor 20 is attached to the motor




wherein the stator 10 and the rotor 20 face each other by neans of
respective teeth 1 and 21. The stator 10 in accordance with the 1invention
is formed o uncoupl ed or weakly coupl ed sectors, and the 165 w ndi ng% PR 2004
are housed wthin each sector. Figures 7-8 in turn illustrate also in
schemati c manner a sub-synchronous disc notor, wherein rotor 20 is
attached to the notor 7 2 3 APR 2004 shaft S and faces the stator 10 by
means of the respective teeth 21 and 1. The stator 10 is fornmed of a
plurality of uncoupled sectors 11, in 170 this case illustrated by only two
sectors 11, each provided with grooves to receive the w ndings 6. Said

w ndings are maintained wthin each of the sectors 11 of stator 10,
specifically inside the respective grooves 2. Finally, Figure 9 illustrate
a sub- synchronous reluctance notor of two 175 stators 10, 10' and two

wi ndi ngs 6, 6 S afh&endrfa@sabcmnmemmbu médms of hhe aedpectivet iceth of ahhe present

i nventi on. sai d tor is formed of a first, external
stator 10 att cﬁﬁ l"”g ﬁél‘%lr%"m%f}g% RluraBy i uncoppledrsegoradd adgmed t o
shaft 150 i N akNQUEe MBGNALIted SN Gnt royised wi eries Of
internal 180 teeth 1 which Face ;bns%?tlt\‘cegs %@‘Jtﬁjt]@rn Cijlt Be(f‘né':éil H r ot or

Said rotor 20BHogvesr @clor@deamtmenamqangmﬁr efiidwhindings e¢endainedihes Of teeth

21' which face serlhes OE—; th 1'. of the second stator 10'. In this
case, the staiord b ph1 5r5§°‘r0f"§<e’c5ll Ah FUAG el &, hepeckingBr t insidesebe ors 11,

11'  cooper at iregpécfivargrapeu! &1 position, as are cooperating the respectlve

Finally, Figure 9 illustrate a sub-synchronous reluctance motor of two
175 stators 10, 10" and two windings 6, 6', made in accordance with the
characteristics of the present invention.
More particularly, said motor is formed of a first, external stator 10
attached to shell 3, which surrounds a rotor 20 attached to shaft S, in
a known manner. Said stator 10 is provided with a series of internal
180 teeth 1 which face a series of external teeth 21 of rotor 20. Said rotor
20 is provided internally thereof with a second series of teeth 21'
which face a series of teeth 1' of the second smtor'-IO‘. In this case,
the stators 10, 10’ are fixed and have the respective sectors 11, 11'
cooperating in an angular position, as are cooperating the respective
185 windings 6, 6'.
The machine is further provided with a monitoring device 4 for
relative identification of the teeth of rotor 20 and the teeth of stator
10, as shown on Figure 10. Such device, of a2 known type, can be for

example a resolver or an encoder, and is capable of determining the

igo relative position between the teeth 1 of stator 10 and teeth 21 of rotor
24,




185 windings 6, 61 . The machine is further provided\Mtrla.antci%g@R2%4
device 4 for relative identification of the teeth of rotor 20 and

teeth of stator 10, as shown on Figure 10. Such device, of a known type,
can be for exanple a resolver or an encoder, and is capable of determ ning
the 190 relative position between the teeth 1 of stator 10 and teeth 21 of
rotor 20. 8 2 3 APR 2004 Alternatively, this nonitoring device 4 can be
conprised, for exanple, of a position detector based on Hall effect,
properly attached to the stator. 155 For a better understanding of the

I nventive concept now clained, the operation of the sub-synchronous

rel uctance electrical machine will be described in a nore detail ed manner,
taking as reference the linear. sub-synchronous notor shown on Figure 5.
By neans of the nonitoring device 4 for identification of the relative 200

position of tegttardatplel st ahar : d egt .2 r @t.or - 1 he ndition
i ndi cated on Figure 11° tegtgh r%%]mﬁlgé‘é ei g]g:ince)%f :%tse icgég{llsﬁ]’edﬁgnd t he
coils 6a and 6¥xampecnls ghsition deteatori Isased e Hlberffdct C pfépirly dtSachleday's

mai nt ai ned at t%0l réaasg%et ic degrees fromthe region of highest perneability,
t her eby causi ng 5‘ | Br'acerrent of teeth 21 of rotor 20, 205 until they

Whoreinthe SUator teot pe) @ SRrRNEeY B8 P AHLR, et Robbiimed?Mhe ! o
operation of the sub-synchronous reluctance electrical machine will be
described in a more detailed manner, taking as reference the linear
sub-synchronous motor shown on Figure 3.

By means of the monitoring device 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 1a and 21a aligned) is identified and the
coils 6a and 6b are energized, thatis, 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 24,

205 until they reach an equilibrium position shown on Figure 22a. In this
condition, wherein the stator teeth le can be seen gn alignment with
rotor teeth 21e, the coil 6a is de-energized and the subsequent coil 6¢
is energized, jointly with coil 6b, thereby causing a new displacement
of rotor teeth 21 towards the position shown on Figure 11b. In the

210 same sequence, coil 6b is de-energized, 2and coils 6c and 6d are
energized, thereby obtaining a displacement of rotor 20 towards the
position shown on Figure 11c, where teeth 1] is seen aligned with
teeth 21), and so on and so forth.

Accordingly, by successively repeating in a controlled manner the

215 operation of energizing and de-energizing the coils, a controlled




rotor teeth 2l1e, the coil 6a is de-energized and the subsequent coil 6¢c is
energi zed, jointly with coil 6b, thereby causing a new di spl acenent of
rotor teeth 21 towards the position shown on Figure Jib. In the 2102§qﬁm2mm
sequence, coil 6b is de-energized, and coils 6¢c and 6d are energize

t her eby obtaining a displacenent of rotor 20 towards the position shown on
Figure 11c, where teeth 11 is seen aligned with teeth 211, and so on and
so forth. Accordingly, by successively repeating in a controlled manner the
225 operation of energizing and de-energizing the coils, a controlled 9 2 3
APR 2004 novenent of rotor 20 is obtained. As shown on Figure 11, when the
w ndi ngs 6a and 6b of stator 10 are energized, the region of highest
perneability between stator 10 and rotor 20 tends to stay in alignnent
with the field, so that the latter 220 drags with it said region of highest

per meabi | i ty, t@\ﬁ\r&%tc&%lwm heobl-Shéf 1 ve displacement between rotor 20

and stat or I1e the wnding I's successively energi zed and

de- ener gi zed tAweshosenoe Figuref 1 lInovissmeniesyindings efa 4ral 6 oPQatordi 5apd or 10

t akes place, so that, upon conpletion of 360 electrical degrees of field
di spl acerrent epgrgizade trcfg")?oo(/\l‘lgheﬁai?@"’f‘ﬁ"ai’\'/léé skeiveen ylatop 10 ety of

st at or In '"rfor P Mndshal stk o TiShfheh® MALPCRE QI O ufliaRe 100 11 the

opp05|te “direction, an operati e four ‘quadrants can be obtai ned,
that i320 an a@iregse“ahuom:drregmal«)fri@i hest queemeabilipe oletebwnenhsing eid her of

the machine's directjons of rotation (claockw se or counterclockw se).
relative displacement between rotor 20 and stator 10.
While the winding is successively energized and de-energized, the
sequence of movements between rotor 20 and stator 10 takes place, so
that, upon completion of 360 electrical degrees of field displacement,
225 the rotor 20 will have traversed only two teeth of stator 10.
In the event that the field is placed out of phase by 90§ in the opposite
direction, an operation in the four quadrantscan 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 achievement 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 illustrated 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 illustrated), thatis, in a more specific manner, the speed




230 The proper conbination of the nunber of teeth 1 of stator 10 with the
number of teeth 21 of rotor 20 allows the achi evenent of torque and 3 APR 2004
determ nati on of the synchronous speed of the sub-synchronous reluctance
el ectrical machine. As already said, the nunber of teeth of rotor 20
shoul d differ fromthe nunber of teeth 1 of stator 10. By way 235 of
exanpl e, the practical construction illustrated 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 nunmber of teeth of said rotor 20 and a function of the
triggering frequency of the power source (not illustrated), that is, in a
nore specific manner, the speed 10 2 3 APR 2004 24 0 of rotor 20 is
directly proportional to the triggering speed of the power source and

i nversely proportional to the nunber of teeth 21 of rotor 20. Accordingly,

it capabe condlfugiqertivals Birebd PropRefiosd! RCileottigletinsheperanbeihef teeth 21
of rotor 20 it is easy to obtain any rated rotation or speed, wth the

variation of tifevescisurcesand e essaly eropertinns! ta duyusimoherfafrtetidr2lapf owi ng t he
achi evenment any,r tjon ar eed fromzerp to the rated yalue. Even
t hough sone cd%%?r(rl‘{fgt’kfgr%ﬂgg‘ﬁsf%? be ﬁ%"c&ﬁ%"?%@ﬂ?'&nﬁ)ﬂ’é‘)peéfegﬁctulgincaI machi ne
have been desgi fhRth@nBer bt Ushk atiesk rbior 2001136l BO (&BEARI ARArdtbRt t he

inventive concept can be applied to any type of 250 configuration or enploy
any type of pdftationoor speddorwithahgiviagiatigneol tfe pawerosourge smitchingt i cul ar,

sai d poyer so xr-é:qeue('ngfr) tfuirihlelﬁsatlfo%tigg )thséhgclf]lig'epnae\ﬂ a%sy Potation or speed,
from zero to the rated value.
Even though some constructive models for the sub-synchronous
electrical machine have been described and illustrated, it should be
emphasized that the inventive concept can be applied to any type of
250 configuration or employ any type of power source for the winding 6
of stator 10.
In particular, 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 win.dings 6 of sectors
255 11, according to the relative position between stator 10 and rotor 20.
In respect of the monitoring device 4, in addition to the preferred
types described above, 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,
260 either directly or through an interface.
On the other band, the internal position adopted for the winding 6 can
also be modified, such as, for example, by arranging the winding or

windings 6 around the teeth 1 of stator 10. Another alternative is
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feature thereof the possibility of being directly or indirectly controlled
by the nonitoring device 4, thereby to feed the w ndings 6 of sectors 255
11, according to the relative position between stator 10 and rotor 2ZDAPR 1004
respect of the nonitoring device 4, in addition to the preferred types
descri bed above, use could be nade of any device capable of accurately
determ ning the relative position between stator 10 and rotor 20, and that
may control a power source for the windings 6, 260 either directly or
through an interface. On the other hand, the internal position adopted for
the wwnding 6 can also be nodified, such as, for exanple, by arranging the
wi nding or wndings 6 around the teeth i of stator 10. Another alternative
is 11 2 3 APR 2004 arranging the winding 6 around each of the sectors 11,
thereby 265 conpletely surrounding each said sector, 11.. 1n_.addjtion, each
sector nmay corfiffREN{y f"l‘l‘%\‘ﬁnﬁn@ %OHB nifcg, OEéEﬁ e S eblar REEW by a

[ eSpeckisve POVRLSENIC Surrdndih ARE 2P 4eclivlinl fn GhaidERd dadh sdotod
sub-synchronous re uc’t ance el ectrical notor conprising at |east one rotor
formed of ferrmangoetprisephatreshandmeavinting 4,i exh feduseglairgielyobyuai form y
distributed teeth and at |east one stator including a second plurality of
uni formy di steFRRFUNE ROBRTSBNSai d stator, said first plurality differing
in nunber fromsaid second plurality, wherein said stator conprises a
plurality of sectors forned of ferromagnetic plates wherein said plates
formng a sector are spaced from
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and non-touching the plates of the other sectors, each sector conprising at
| east one winding, and further conprising a nonitoring device for tracking
the relative position of said rotor with respect to said at |east

stator, said nonitoring device for sequentially energizing, via a Z:SWFBRW

power S8 clhitnddls: direction opposite to the direction of novenent of
said rotor, sald wndings in contiguous said sectors so as to sequentially

mai nt ai n,enerqi zed t adj acent said sectors. 2. _Th ' cor dance
mth ol ot R A ainkRro e i Mar ke el R R iie SURAT ohdraRGC0

Wi ndi ngs famRd' I TRRShdghelc)plads a3l §R86hd A ¥l Faldy 6PMSfornsly dkiBuiFdteath dnd at
accordance with claim1l, wherein said nopnitoring device is a Hall-effect
det ect or least ongatopinchyding g seropd Pl wpifammy distibuted gl prosaid Satorgsaithiiist or i ng

devi ce i g1,@liPdifelis i naMberSRMPARS se@hd pfirdl®S Wh¥RIn: sard statd? GorlPHised a pilrality
accordance wth claim 1, wherein said notor is a sub-synchronous

r el uct aneEseptsrsfomryd afdrrepmageetic plages pbersin spid plages dorminecsefiPt e $hagsdiom  wher ei n

sai d not @fg hch-Buckity (BY HERS SMISther s&YAHS, leBIMGEetdr DBMPFisi APt Mast ofie wilihgTBiOr i n
accordance with claim1, wherein said notor is a sub- a}yﬁgchr onous rel uctance

di sc not Srthexcompsisinggmanitpringdexige toa radkingjtharetapys ppsition ghatddpier with gespst or
conpri seg, @ld 4t &astonk Wato?, lsalt %&itoﬂﬁ@%&ﬁk@foi%&nﬁﬁl@t Hergings tin d cadrerh B@Sdr t WO

stators conprises at |east one w nding. . .
source, in the direction opposite to the direction of movement of said rotor, said windings in

contiguous said sectors so as to sequentially maintain energized two adjacent said sectors.

) 2. The motor in accordance with claim 1, wherein each said sector includes a groove, and

said windings are respectively arranged in said groove.

3. The motor in accordance with claim 1, wherein said monitoring device is a Hall-effect
detector.
4, The motor in accordance with claim 3, wherein said monitoring device is alternately an

encoder and a resolver.

5. The motor in accordance with claim 1, wherein said motor is a sub-synchronous

reluctance rotating motor.

) 6. The motor in accordance with claim 1, wherein said motor is a sub-synchronous

reluctance linear motor.

7. The motor in accordance with claim 1, wherein said motor is a sub-synchronous

reluctance disc motor.

8. The motor in accordance with claim 1, wherein said motor comprises at least two stators

wherein each sector of said at least two stators comprises at least one winding.




