
1                 EP 0 343 845 B1                      2 Description
of primary poles being opposite in adjacent groups, and in that a portion
of the primary core between This invention relates to electric reluctance
ma-  adjacent primary poles in a group is relatively nes comprising a
primary, having a primary core    radially. thinner than that between
adjacent groups defining primary poles with pole faces; a secondary    5
of primary poles. having secondary poles with pole faces; and a coil  .
The terms primary and secondary are used to or set of coils.
denote the relatively moving parts of the machine. US-A-3047755 discloses a
synchronous reluc-      Clearly, the poles associated with the coil or
coils tance motor having a laminated rotor defining rotor  could be the
rotor or stator of the machine. poles which coact with corresponding pole
faces   10    In this way the flux through the core between defined in the
stator. The stator. Is described as  the groups of stator poles is
increased by an having windings in the slots between stator poles.  amount
related to the number of stator poles in a These are indicated as following
the conventional    group. Also, the flux in the stator core between
pattern of magnetising the poles to alternately op-  poles within a group
Is substantially reduced to- posite polarities.
15.  ward the centre of the group. Hence that portion of Figure 1 of the
drawings illustrates a known     the stator core between the stator poles
in a group construction of single-phase salient pole switched   is now less
dependent on considerations of the reluctance machine which can be operated
as ei-      amount of flux in it as It no longer has to serve as a ther an
electric motor or generator. However, for    path for all the flux between
dissimilar groups of the sake of convenience the term motor will be. . ,20
poles. Thus, the thickness of the stator core in this ed throughout this
specification though it is to be  region can be reduced and even shaped and
re- understood that the invention is equally applicable   moulded with less
regard to the flux in it. The main to electric generators.
remaning criterion lies in providing sufficient me- The switched reluctance
motor of Figure 1        chanical, strength for the stator core. However, a
comprises a stator core 1 and a rotor 2 which are   25  slight increase in
thickness of the material of the both formed with four salient poles 3 and
4, re-    stator. core will probably be required between the spectively.
The stator core is made up of numerous   dissimilar groups due to the
Increased flux in that metal lateral laminations in a stack. Each salient
region. stator pole 3 carries an exciting coil 5. The coils 5   Preferably,
.each group of adjacent stator poles are wound such that North (N) and
South (S) poles   30  is embraced by a single coil. Thus, the amount of are
created alternately around the stator- As. illus-  material e.g. copper,
needed for the windings in a trated by the broken lines 6, each
sector.of.the     given: machine will be reduced. assembled laminations .of
the core 1 carries half  -Preferably, the thinner portion of the stator
core the flux created in one of the associated adjacent   defines a flat
outer face of the core. stator poles.                     . .           35
Preferably, the core is made up of a plurality of In this kind of motor the
laminations are usually  laterally . extending laminations. In this case
when stamped from a blank of strip metal. As the general  the flat outer
faces are formed of the thinner por- outer shape of each lamination will be
circular there  tions of the core the laminations can be stamped will be a
significant amount of material left between  from a. strip so as to use.
less material to form the ampings of laminations which can only be cast  40
laminations and have less waste material left over aside as scrap metal.
Although this scrap can, -of   from  the stampings. In this latter regard
if the course, be recycled, it is clearly desirable to utilise  .  thinner
or. flat portions are stamped adjacent one the strip with as little waste
as possible.        another in a line from a strip, the overall length of
Furthermore, each pole carries its own copper    the strip used can also be
reduced as well as winding. This construction requires a considerable  45
leaving less scrap.. amount of copper which will add both to the weight
The invention also extends to a machine as and cost of the motor.
described above connected to run as a motor and It is an object of the
present invention to pro-  the. same machine connected to run as a gener-
vide an electric machine which optimises the. use    ator. of the core
material and the copper windings in  50    The present invention can be put
into practice order to reduce the cost of manufacture.             In
several.ways,. some of which will now be de- The present invention is
characterised in that   scribed by way of.example with reference to the the
or each coil is connected and/or is located with  accompanying-drawings in
which: respect to the primary poles so as to define groups    Figure. 2 is
a cross section through an electric of adjacent primary poles, the magnetic
polarity. of  55  relictance motor constructed according to the the pole
faces in each group .of primary poles with  present invention; and respect
to the coil or coils being the same and the    Figure. 3;. is a cross
section through a further said magnetic polarity of the pole faces of
groups     electric reluctance motor according to the 2    



3                 EP 0 343 845 B1                      4 present invention.
shape would be specifically designed for the par- Figure 2 illustrates a
switched salient pole    ticular purpose. to single-phase reluctance motor
comprising a stator       However, because the amount of flux In the 10 10
within which is mounted a rotor 12. .A core 13 of  portions 26 is virtually
doubled, It is necessary to the stator is made up of a stack of lateral
metal   5   increase their thickness over that required in an laminations
which also define four angularly equi-  equivalent conventionally wound
motor. However, distant stator poles 14. A copper coil 16 is wound
overall the absence of four coil sides and of the around each of the stator
poles 14. The. coils, are  need to carry flux between poles of like
polarity excited simultaneously.            -                 leads to a
significant reduction in the dimensions of The rotor 12 comprises a
ferromagnetic:steel   10  each lamination. member defining four angularly
equidistant rotor        As' mentioned above the laminations for an poles
18.                                            electric motor. are stamped
from a strip of metal. It will be apparent that this construction of    By
forming this embodiment of the present inven- switched reluctance motor is,
in many 'respects,    tion with flat sides due to the absence of flux In
similar to that in Figure 1. However, in the electric  is  roughly half the
core, each lamination can be motor of Figure 2 each of the coils 16 Is
connected  stamped with considerably less waste material in so  that  the
stator  pole  sequence  is           between It and an adjacent stamping
than would be North/North/South/South (NNSS) around the core      the case
in a conventional circular stamping. Thus 13. By reconnecting the coils 16
in this way, the   the amount, and therefore cost, of steel strip re- flux
path is limited to that in the back of the core  .2o  quired for a given
number of laminations is consid- 13 linking adjacent dissimilar groups of
pole pairs  erably reduced. (NN and SS), as indicated by the broken lines
20.       The effect of constructing each coil to embrace Thus, for a given
excitation current in the windings,  a, pair of adjacent poles means that
four lengths of the amount of flux in this reduced path is doubled.  coil
running the length of a conventional salient Because of this the
essentially redundant connect-  25   pole, electric motor are eliminated
with little or no ing portions between the similar poles is of much
diminution in performance. This leads to a con- reduced lateral thickness.
It follows that four of the  sequent reduction in the amount of copper
required lengths of coil 16 extending axially within. the stator  for, the
windings as a whole to roughly half that 10 are redundant as they play no
part in producing   which runs along the length of the motor in addition
the flux in the path between the dissimilar poles   3o  to a slighty
increased amount at the end of each pairs (NN an SS) that is used to turn
the rotor. 12.  winding. Such. an overall reduction in the amount of Figure
3 illustrates a modified switched-doubly  copper,used in the windings will
lead to a drop in salient pole reluctance motor with one. phase wind-  the
,winding. resistance, as well as a cheaper and ing for a stack of
laminations which exploit the     lighter core. above sequence of
orientations of stator. poles. In  35  The.performance of the motor can be
further this embodiment a stator core 22, again comprising   improved by
adjusting the proportions of the cop- a series of lateral laminations of
metal in a stack,  per and iron core sections to take account of the
defines four equally angularly spaced stator poles   new winding. strategy.
For instance, if the two coils 24. Pairs of stator poles 24 are each
connected by   now used each have the same number of turns as a relatively
thick portion 26 of the core 22. Adjacent  40  each of the original four
coils connected in series stator poles 24 in each similar pair are joined,
by a  in an equivalent known reluctance motor, the EMF flat relatively
thinner portion 28 of the core 22.   per coil will be doubled in the
present embodiment Copper coils 30 in the core 22 are each wound in a   as
each coil now embraces two stator poles. Ne- loop to embrace one of the
pairs of adjacent similar  glecting,. for the moment, the end windings, the
stator poles 24 joined by the corresponding thick   45  removal of the four
redundant coil sides will halve portion 26.                          the
resistance of the winding and hence the copper As discussed above, by
changing the windings     loss and weight of the copper used. However, the
to energise the stator poles 24 in an NNSS, se-      amount of copper
required for the end windings will quence there is no longer any flux in
the.sectors of  need to be somewhat greater than in the previously the core
22 between similar poles 24' Thus,. the   so  know  equivalent motor to
embrace both poles. thickness of the portions 28 is no longer dictated
Clearly, the benefit from  the reduction in the by the flux. Hence,
their-shape and size is reduced  amount. of copper and the improved
efficiency will to that needed to maintain the overall mechanical
increased with.an increasing length to width ratio of strength of the core
22. This. allows the, thinner  the motor. portions to be formed with flat
outside .edges.. In ,  55   .It will be apparent to those skilled in the
art that other circumstances, the portion 28 could be         Figures 2 and
3 represent only two applications of formed to accommodate an adjacent
component in      the present invention which serve to Illustrate the a
particularly confined space. In this, case the     benefits .of. the new
motor construction. Clearly 3    



5                 EP 0 343 845B1 there are many possible variations in the
detailed    than that between adjacent groups of primary design of the
motor lamination according to the       poles. basic principles embodied in
Figure 3. For exam- pole arcs, air gap diameter relative to overall  2. A
machine as claimed in claim 1, wherein each dimensions, coil layouts and
the relative thickness   5  of the said groups of adjacent primary poles is
of various parts of the lamination can be changed     embraced by a coil.
in particular designs. However, all will benefit from a reduced copper
content and a reduction in the   3  A machine as claimed in claim 1 or 2,
wherein amount of lamination material required.               the primary
core is angularly continuous with Furthermore, the invention could also be
ap-  10  respect to the axis of rotation of the secondary plied to motors
with increased numbers of poles.     relative to the primary. For example,
the invention could be utilised in an 8/8 pole motor in which 2 coils
embrace 4 poles or,  4. A machine as claimed in claim 1 or 2, wherein
alternatively, in which 4 coils each embrace 2        the thinner portion
of the primary core at least poles.
15      partially defines a substantially flat outer face Although it is
more usual for the excited mem-    of the core. ber to be the stator, it
is, of course, possible for the rotor to be the excited member instead.
S. A machine as claimed in any of the preceding As well as switched
reluctance motors, the        claims wherein the primary is a stator (10)
and invention is also applicable to some forms of step-   20  the secondary
is a rotor (12). ng motor and synchronous reluctance motor which have
salient poles on both stator and rotor.  6. A machine as claimed in any of
the preceding While the invention has been described in relation    claims
wherein the core is made up of a plural- to a single phase motor, in which
the number of     ity of laminations extending laterally with re- rotor and
stator poles is usually the same, the   25  spect to the axis of rotation
of the secondary inventton Is equally applicable to combinations of
relative to the primary. rotor and stator poles in single and mult-phase
applications, for example, incorporating multiple  7. A, machine as claimed
in any of claims 1 to 5, stacks of laminations incorporated in a single
motor  wherein the current supplied to the coils is such as a stepping
motor. In this case, many   30     switched. combinations of rotor and
stator poles are possible. In an alternative embodiment the thinner por-  8
A machine as claimed in any of the preceding tions are dispensed with
entirely.. The remaining     claims when connected as a motor. portions of
the core maintaining the flux path are mounted in a supporting frame or
housing which  35  9. A machine as claimed in any of claims 1 to 7, may or
may not be a constituent part of the motor.    when connected as a
generator. The single-phase machine described can each be used as a single
Item or as. one stack of a    Patentansproche multiphase machine. 40  1.
Elektrische Rotations-Reluktanzmaschine mit ~Claims
elnemn Primlrteil (10), der einen PrlmArkern (13) aufweist, welcher
PrimArpole (14) mit Pol- 1. A rotary electric reluctance machine compris-
schuhfl~chen definiert, ing a primary (10), having a primary core (13)
einem  Sekunddrteil (12) mit Sekunddrpolen defining primary poles (14) with
pole faces; a   45  (18) mit Polschuhflachen, secondary (12) having
secondary poles (18)        und einer Spule (16) oder einem Satz von with
pole faces; and a coil (16) or set of coils;  Spulen, cparacterised in that
the or each coil is con-    daturch gekennzeichnet, daB die Spule nected
and/or is located with respect to the      oder jede Spule mit den
Primbrpolen verbun- primary poles so as to define groups of adja-  50  den.
und/oder bezlglich dieser so angeordnet cent primary poles, the magnetic
.polarity of     istsind, daB Gruppen nebeneinanderliegender the pole faces
in each group of primary poles     Prim~rpole definiert werden, wobei die
magne- with respect to the coil or coils being the same  tische Polarit~t
der PoIschuhfichen in jeder and the said magnetic polarity of the pole
Gruppe. von Primbrpolen bezUglich der Spule- faces of groups of primary
poles being op-  55    (n6 dieselbe ist und die magnetische Polarltlt
posite in adjacent groups, and in that a portion  der Polschuhfl~chen von
PrimArpolgruppen in of the primary core between adjacent primary
nebeneinanderliegenden Gruppen entgegenge- poles in a group is relatively
radially thinner   setzt ist, und daB ein Bereich des Primlrkerns    (err) 



5            EP 0 343 845 B1 (err) there are many possible variations in
the detailed     than that between adjacent groups of primary design of the
motor lamination, according to the        poles. basicprinciples embodied
in Figure 3. For exam-. .a, pole arcs, air gap diameter relative to overall
2. A machine as claimed in claim 1, wherein each dimensions, coil layouts
and the relative thickness   5  of the said groups of adjacent primary
poles is of various parts of the lamination can be changed       embraced
by a coil. in particular designs. However, all will benefit from a reduced
copper content and a reduction in the     3  A machine as claimed in claim
1 or 2, wherein amount of lamination material required.                 the
primary core is angularly continuous with Furthermore, the invention could
also be ap-  10    respect to the axis of rotation of the secondary plied
to motors with increased numbers of poles.        relative to the primary.
For example, the invention could be utillsed in an 8/8 pole motor in which
2 coils embrace 4 poles or,  4. A machine as claimed in claim 1 or 2,
wherein alternatively, in which 4 coils each embrace 2          the thinner
portion of the primary core at least poles.
15       partially defines a substantially flat outer face Although it is
more usual for the excited mem-      of the core. ber to be the stator, it
is, of course, possible for the rotor to be the excited member instead.
5. A machine as claimed in any of the preceding As well as switched
reluctance motors, the          claims wherein the primary Is a stator (10)
and invention is also applicable to some forms of step-   20,   the
secondary is a rotor (12). ng motor and synchronous reluctance motor which
have salient poles on both stator and rotor.  6. A machine as claimed in
any of the preceding While the invention has been described in relation
claims wherein the core is made up of a plural- to a single phase motor, in
which the number of         ity of laminations extending laterally with re-
rotor and stator poles is usually the same, the   25    spect to the axis
of rotation of the secondary invention is equally applicable to
combinations of      relative to the primary. rotor and stator poles in
single and multi-phase applications, for example, incorporating multiple
7. A machine as claimed in any of claims 1 to 5, stacks of laminations
incorporated in a single motor    wherein the current supplied to the coils
is such as a stepping motor. In this case, many   30       switched.
combinations of rotor and stator poles are possible. In an alternative
embodiment the thinner por-    8  A machine as claimed in any of the
preceding tions are dispensed with entirely. The remaining        clairms
when connected as a motor. portions of the core maintaining the flux path
are mounted in a supporting frame or housing which   35  9. A machine as
claimed in any of claims 1 to 7, may or may not be a constituent part of
the motor.      when connected as a generator. The single-phase machine
described can each be used as a single item or as one stack of a
PatentansprUche multiphase machine. 40  1. Elektrische
Rotations-Reluktanzmaschine mit Claims
einem  Primarteil (10), der einen Primarkern (13) aufweist, welcher
Primarpole (14) mit Pol- l. A rotary electric reluctance machine compris-
schuhflAchen definiert, ing a primary (10), having a primary core (13)
einem  SekundArteil (12) mit Sekundfirpolen defining primary poles (14)
with pole faces; a   45  (18) mit Polschuhflchen, secondary (12) having
secondary poles (18)          und einer Spule (16) oder einem  Satz von
with pole faces; and a coil (16) or set of coils;   Spulen, c!?aracterised
in that the or each coil is con-     dadurch gekennzelchnet, daB die Spule
nected and/or is located with respect to the        oder jede Spule mit den
Primqrpolen verbun- primary poles so as to define groups of adja-  so   den
und/oder beztlglich dieser so angeordnet cent primary poles, the magnetic
polarity of        ist/sind, das Gruppen nebeneinanderliegender the pole
faces in each group of primary poles       Primdrpole definiert werden,
wobei die magne- with respect to the coil or coils being the same    tische
Polarit~t der Polschuhfldchen in jeder and the said magnetic polarity of
the pole          Gruppe von PrimArpolen bezOglich der Spule- faces of
groups of primary poles being op-  5s      (n) dieselbe ist und die
magnetische Polaritdt posite in adjacent groups, and in that a portion
der PolschuhflAchen von PrimArpolgruppen in of the primary core between
adjacent primary        nebeneinanderliegenden Gruppen entgegenge- poles in
a group is relatively radially thinner     setzt ist, und daB ein Bereich
des Primarkerns 4   
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ll II zwischen nebeneinanderliegenden Primarpolen        noyau primaire
situde entre les p8les primaires in einer Gruppe relativ radial dOnner ist
als der  adjacents d'un groupe est retativement plus zwischen
nebeneinanderliegenden  Gruppen          mince, dans le sens radial, quo
celle situde _i   )von Prlmarpolen.
entre les groupes adjacents de p8les primal- : :.    5       res. 2.
Maschine nach Anspruch 1, wobei jede der Gruppen nebeneinanderliegender
Primdrpole       2. Machine selon la revendication 1, dans laquel- von
elner Spulo umfa8t ist.                        le, dans chacun desdits
groupes de p8les pri- maires adjacents, sinscrit une bobine; 3. Maschine
nach Anspruch 1 odor 2; wobeil der  10 Primarkern winklig fortlaufend ist
in bezug auf  3. Machine soelon la revendication 1 ou 2, dans die
Rotationsachso des Sekundartells bezUg-        laquelle le noyau du
primalre prdsente des lich des Primarteils.
angsls dans" son extension autour de lPaxe de rotation du secondaire
relatif au primaire. 4. Maschine nach Anspruch 1 odor 2, wobei der  15
dUnnere Bereich des Primarkerns zumindest       4. tMachine selon la
revendication I ou 2, dans teliweise elne im wesentlichen flache Au~en-
laquelle la portion plus mince du noyau du seite des Kerns definiert.
primaire definit au mons partiellement une face exterieure ssnsiblement
plate du noyau. 5. Maschine nach elnem der vorhergehenden An-  20 sprUche.
wobsi der -Primfrteol ein Stator (10)  5. Machine selon lPune quelconque
des revendi- und der Sekunddrtell ein Rotor (12) ist.           cations
prdcddentes dens laquelle le prlmalre est un stator (10) et le secondalre
est un rotor 6. Maschine nach einem der vorhorgehenden An-          (12).
sprUche, wobei der Kem aus einer Anzahl von   25 ;;Lamellen besteht, die
sich seitlich In bezug auf  6. Machine solon l'une quelconque des revendi-
die Rotationsachse des Sekundgrteils bezlg-        cations preddentes dans
laquelle le noyau est ich des Primarteils erstrecken.
constitue d'une pluralit6 de t8le magnetiques setendant lateralement par
rapport & I'axe de 7. Maschine nach einem der AnsprUche 1 bis 5,  30
rotation du secondaire relatif au primaire. wobei der den Spulen zugef~hrte
Strom ge- schaltet wird.                                  7. Machine selon
l une quelconque des revendi- catlons. 1 a 5, dans laquelle le courant
fourni 8. Maschine nach elnem der vorhergehenden An-          aux bobines
ost commut6. spr(lche, als Motor geschaltet.            35 8. Machine selon
l'une quelconque des revendl- 9. Maschine nach einem der Anspr~che 1 bis 7,
cations precdentes, Iorsqu'elle est relide en als Generator geschaltet.
tant quo moteur. Revendlcatfons                                40  9.
Machine selon lune quelconque des revendi- cations 1 A 7. lorsqu'elle est
relide en tant que 1. Machine electrique tournante a rdluctance
generateur. comportant un primaire (10) presentant un noyau primalre (13)
definissant des p8les pri- maires (14) avec des faces polaires; un secon-
45 daire (12) prdsentant de p8les secondaires (18) avec des faces polaires;
et une bobine (16) ou un jou de bobines; machine caracteri- see par le fait
quo la bobine, ou chaque bobi- ne, est reliee etlou est situde par rapport
aux   60 p81es primaires de facon a d6finir des groupes de p8les primaires
adjacents  ja poIardte ma- gnetique des faces polaires dans chaque grou- pe
de p81es primaires par rapport a la bobine ou aux bobines dtant la m~me et
ladito polarnte  55 magndtique des faces polaires der groupes de p8les
primaires 6tant opposde dens les grou- pes adjacents, et par le fait qu'une
portion du 5    


