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| MPRAVENBINTS | N SW TCHED RELUCTANCE MOTORS Thi s igvention relates to a
switched reluctance notor conprising a stato iﬁﬂini }—StatoF T LA
havi ng stat.or wi ndings for energising the stator poles; v
defining rotor poles, nmovenent of the rotor being 5 ' _____;____“
stator poles according to the energiébtion of th —w ndi ngs.
formof switched electric reluctance notor is proposed in patent US
5043618. The E[‘i‘sorirﬂ}e%%i&?drfaﬂa{:gét RALENG, 1R ped H]aélﬁc‘!\eaﬂeéeﬁo%%[r pol e
group, and stg or and rotor pole arcs _of about § ferr . An exanple Is
il lustrated | compgaFdng @ shateraviefining giator | PPLSsr ARG hiayindhtic
torque curve, gphikeh iWErdErgeededy OBhéR@is PhgUehde\«tadRd fy1éde HRHOR W th
i ' s, 15 s a_function of the
angl e [err] oF°F8Fafittidid HET R HoLe8ic PLFRARE 28 gﬂ%rﬁE?@Fi S 1Dt
doubl y sal i entjngauencetior yandtltain btatakcupalesg oracasiireyl. Posi thhee

%hgoéggF% a&ggﬁgﬁg forward, clockw se,

direction
in Figure 2 in normal operation. At | ow speed the winding carries

current througheytnt B¢ taigenel bhecerabereiubehabboRok®r' lis proposed
in pateht US 5043618. The motor disclosed in that patent
1o has two poles per pole group, and stator and rotor pole
arcs of about 30°. An example is illustrated in Figure 1
of the drawings. Figure 2 illustrates the static torque
curve, which is derived from the torque developed by the
motor with a constant excitation current in the windings, -
15 as a function of the angle 8 of rotation of the rotor.
Such curves are characteristic of doubly salient pole
motors and can be calculated or measured.

Positive torque is assumed to drive the motor in the
20 forward, clockwise, direction so that the angle of

rotation 6 is increasing positively in Figure 2 in normal

operation. At low speed the winding carries current

throughout the range of- the angle of rotation 6

corresponding to the positive torque, from 8 = -45° to O
25 = 0°%

It will be appreciated with reference to Figure 2 that
the motor will only start from rest in the forward
direction if the rotor is in a position corresponding to
30 a region of positive torque. On the other hand, if the
coil is switched across a d.c. voltage supply when the
rotor is in a region corresponding to negative torque,
the resulting current in the winding will cause the motor
to move in the reverse direction. It will be further
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corresponding to the positive torque, from[err] = -45[err] to [err] 25

= Oferr]. It will be appreciated with reference to Figure 2 that the notor
will only start fromrest in the forward direction if the rotor is in a
position corresponding to 30 a regiomp of positive torque. On the other
hand, if the coil is switched across a d.c. voltage supply when the rotor
IS in aregion corresponding to negative torque, the resulting current in
the wi ndi ng V&ﬂ)ﬂ:’ré@ﬂﬁeeahehm&t ®hdre raz@ tmotﬂsesieyense idi eachi dorque t

|1 be furth »
WIorqueecyglre % <hfi Eﬁa%r eg‘r »i e%é}’%g% eve %gcel%Wﬂ%%ﬁ' CH"'.]% '_rbo[egférij o

[err] = -45[eamd Bn Fi g 21.n FAgueeor2 anglk sbtpar rangle] @f 18 car r@sponds
to a stable cg ?ﬁf&éganagcﬂﬂsg ééaéf@ é&ﬁ@itiénﬁoecaué‘é SPF agedl Adwyp tily s
position in erther direction

current I n the winding, the
torque Sl | ratspiacedle frsmprtRBS t R@SP-ﬁilPPallfbé’r%r‘%ﬁ aireqtigg. otHd® hand,

posi tion [erréurreﬂé[Qﬁbbl%%rHﬁﬁHgﬂgswi@dﬂﬂgynﬁhabterﬁuﬂ1Hﬂﬂ1 restore
the rotor to the initial position. on the other hand,
position 6 = -45° corresponds to an unstable position
because displacement of the rotor from the position in
10 either direction will cause the rotor to move away from
the initial position.

The rotor 1 in Figure 1 is in a stable position of zero
torque in relation to the stator 2. Thus, in this

15 position, the motor will fail to start when current is
fed to the windings.

In the motor of Figure 3 the rotor is in the unstable
position of zero torque with the inter-pole axes of the
20 rotor 1 aligned with the axes of the stator poles.

Thus, there are regions in the rotor cycle in which the

above synchronous motor will not start and regions in

which there will be uncertainty as to at least the
25 initial direction of rotation of the rotor. '

The present invention is characterised in that at least
one stator or rotor pole has a magnetisable member
attached to it in a position such that it influences.the

30 rest position of the rotor, when the coils are not
energised, to maintain the rotor in a non-zero starting-
torque position relative to the stator.




because di spl acement of the rotor fromthe positionin 10 ei t her

cdirectlon wi |l cause the rotor to nove away fromthe initial position. The
rotor 1 in Figure 1 is in a stable position of zero torque in relation to
t he stator 2. Thus, in this 15 posixion, the notor will fail to

*start when current is fed to the windings. In the notor of Figure 3 the
rotor is in the unstable position of zero torque with the inter-pole axes
of the 20 TMorlrm’%nﬁngmquVaddse fres thet eelsiahle selatinthuef

there are regiopubPahbe ﬁBEQEsC ﬁ]lde mmdiwrﬁp ﬁ’gfi’é‘&@IQ”QHstﬁgt or

wll not start and regions . in ere w il be uncertainty as to at
| east the 25 MOtQERFt &FCHﬁPESU%ﬂ1Qﬁ $0£3618n o RRFHANYIL W?@n%FeQEnt

invention is qﬁw:gmter m39d be hbdedattd e@Rb MMirtcht aé@d‘:hOIthl’a(tt Gfhé¥9! enbas a
hed to it .i.n a 0S| such that, |nf nces

The'50 B reotORst: ¥ AE diethe 100 2ifiRies A et dn bneckbatPEaq,
to maintain theinding andaprowidéng therei tg- nbbrqueepesvélﬁalcehahlbe to

' the stator. other applied load, the rotor poles will be positioned in
relation to the statof'poles to ensure rotation when
current.is'supplied to the stator winding. The magnet or
10 magnets are placed at the side of the stator pole or
]- poles in the space between the poles of a pole group and

i facing the rotor pole across the air gap between them.

Preferably, the magnetisable member is mounted anqularly

15 to one side of its host pole. The member may be mounted
in a recess in the host pole or on a side face of the
host pole.

The particular advantage of this invention in relation to
20 the type of motor described in US 5043618 is that the

magnetisable member can be located on the side of a host

pole not otherwise occupied by any active material of the

motor. Thus, the member can be mounted in a region of

substantially no working flux and the operation' of the
25 motor is substantially unaffected.

A motor according to the invention may have the same
number of poles as that described in US 5043618, but the
pole face of one or more of the stator poles is
30 effectively extended circumferentially by a p'ermanent
magnet preferably of the same polarity as that produced
in the pole by excitation current in the windings. 1In
effect, in the absence of a current, a rotor pole or
poles will usually come to rest facing the magnet or




3 The invention provides for the reliable starting of reluctance notors and
. 1s particularly applicable to the notors described in US 5043618. A

per manent nagnet or magnets nay be added to the notor such that when the 5
rotor is at rest, in the absence of currenf in the stator w nding and

= providing there is not excessive friction or other applied | cad, the rotor
poles will be positioned. in relation to the stator poles to ensure rotation:

when current ifagHBekl.edocealsi®nzialprend eitdlr ma\e deeto OFed® with a
magnets are pl aced at Ehe si de of the statorrFoIe'or poles in the space

between the potBESETPRIBS A%t Buffanth® adiot®t hE2F RS Th6 magrets t hkMair
gap between t heithBretasebhypulbe cagpentsihl eheewbading wbLDtesusaothar |l y

in the host pof 2-0F doiee B8 ARNE poPREaRo R R BT, | dheoscess

advant age of thpiepavenlFfors nwoeldt iusuald.yObe thehecagpe tbiismoimitial
described in UgoY@ddhits iks ithihe Hormanddsale SRR GAD dife | B8l erh on
the side of a host pole not otherw se occupie y any active nmaterral of
the of the rotor and any connected load will cause the rotor
to move past the aligned pole position and thereafter
normal switching of the currents under the control of a
10 conventional rotor position sensor will proceed in the

well known manner.

If the initial movement is in the reverse direction, the
rotor pole will move past the aligned position and

15 current switching under the influence of the rotor
position sensor will cause the rotor to reverse its
direction of rotation and proceed in the well known
manner. In order to ensure starting from any of the
possible initial positions, it is simply necessary

20 initially to override the position sensor for a short
time when the initial rotor position corresponds to a
normally unexcited state. This can easily be
implemented, for example, by a logic OR function to which
the input signals of the output of the position'sensor

25 and a timed pulse initiated by the switch-on command are
applied.

The present invention can be put into practice in various )
ways, some of which will now be described by way of
30 example with reference to the accompanying drawings in
which:
Figure 4 is a cross-section of a first embodiment of
the invention;
Figure 5 is a torque curve for the magnet of the

_______—’—r——’_—_—‘_—



nmotor. Thus, the nmenmber can be nounted in a region of substantially no

« wor-king flux and the operation of the 25 notor is substantially
unaffected. A notor according to the invention may have the sane nunber of
pol es as that described in US 5043618, by the pole face of one or nore of

~ the stator poles is 30 effectively extended circunferentially by a
permanent magnet preferably of the same polarity as that produced in the
pol e by excitahventionr ¢nttha ehBowinen8usf Filgureffagct, in the absence of

a current, a rotor e or. poles w cone to rest facing the
magnet or 4 mag ng‘?greogca?’ﬁ o?\a?msfﬁﬁef%t’%f‘ RGP TSHNT ot P e EiIHiTen 4
“inter-polar aklshotheheotoroposatmng shaéfhednet . In either case a pul se

current in the mnn [ 1 e the ah t or e ve t | i nent
with the stator &gr&% 7" f s WG 532% I%fcg:l% ?gﬂf?%tg’ itial
nmovemem is i?ﬂ“‘?%“h%#‘ IOfOﬂAﬂréIn'elﬁn§é;Pn@n, the inertia of the rotor and
any connected load will cause the rotor ' -

Referring to Figure 4, a switched reluctance motor
comprises a rotor 10 which is mounted to rotate inside a
stator 12. The motor is of the doubly salient type. The
10 rotor has four equiangularly spaced rotor poles 14.
\ Similarly, the stator has four equiangularly spaced
‘.5 stator poles 16 and 16’. The clearance between the faces
of the poles on the rotor and the stator as the rotor
rotates defines an air gap. The stator poles are excited
15 by a pair of windings 18 to create a pair of adjacent
north poles N and a pair of adjacent south poles §
according to the motor construction disclosed in US
5043618.

20 . One pair of 6pposed stator poles 16 each has a permanent
| magnet 20,22 mounted on its exposed side opposite that
side adjacent its pole winding. The magnet has an
orientation which is the same as its host stator pole 16,
as seen at the pole face, and effectively forms an
25 extension of the pole face. The longitudinal or axial
extent of the magnet may be the same as that for the
stator itself or be a proportion of it. In the latter
case the magnet may be located toward one axial end of
the stator or in a region part way along it.
30 | | |
Figure 5 shows the static torque curve due to each of the
permanent magnets 20,22 as a function of the angle of
rotation 8 of the rotor 10. It will be observed that the
magnets produce a positive torque in the region around




to nove past the aligned pole position and thereafter nornal swi tching of

: the currents under the control of a 10 conventional rotor position
sensor will proceed in the well known nanner. If the initial rmovement is in
‘the reverse direction, the rotor pole willgnove past the aligned position

= and -15 current switching under the 1influence of the rotor _
position sensor will cause the rotor to reverse its direction of rotation

and proceed inthbeumﬁﬁaﬁmeWbﬁanﬁatque_b@gﬂﬂﬁahf&feﬂﬁérgtﬁtaggmﬂ}ddéﬂn
any of the posgjble i.nitial positions, .it i.s Si, , hecessar _
‘nitially to od8FyPadiensSpshrEea & Hen al_qg GRS 7o Al AT She ti al
rotor positionmegnegsp@msivae aannegat:iye troacpiel eth Sha]'E Eegion atro'[ivi\ihc'@ .
can easily beyi e for .a..] ogi.C upction,o i C
the i nput si gngpg"g% the o%tert?t %<$§§%n€ g’(‘)’s#l_tﬁ%%rﬁ sgh.sé%g?Ssea%ﬁna:o&'%%q
pul se i ntti at eBubyet ABes kot dheo sugmendn@xaidadpisn eich Fiigume esent i nvention

can be put into practice in various ways, sone of which will now be

[ 0] exanple with reference to the acconpanyi ng
gfz\(lz\ﬂr Inggdi Eym\,\?gﬁg;ess shows the motor of Figure 4 with tr:TtIl)e >;/:'otor

angularly displaced such that two of the inter-polar axes
of the rotor poles are aligned with the axially opposed
10 permanent magnets 20, 22. Figures 4 and 6 show
respectively the motor of the present invention with its
rotor in the stable and unstable positioné of zero torque
derived from the permanent magnets as illustrated in the
curve of Figure 5.

1S
It will be understood that rotor position sensing means
connects the d.c. voltage to the supply over the regions
of positive torque of Figure 2 (e.g. 8 = -45° to 8 = 09).
20 In the absence of current, if the rotor is initially

stationary at what would have been a stable position of
zero torque in Fig.2 (e.g. 6 = 0°), the negative torque
produced by the magnets will cause it to move in the
reverse direction to the stable zero torque posifion of
25 Figure 5 (e.g. 8 = -22%°). If the rotor is initially
stationary at an unstable position of zero torque in
Figure 2 (e.g. 8 = -90°, the positive torque produced by
the magnet will cause it to move in the forward direction
to the stable zero torque position in Figure 5 (e.g. 6 =
30 22%9). |

While previously if the motor of Figure 1 was switched on
with the rotor at rest in any zero torque position for
the excitation currents it would fail to start, the

-



Figure 4 is a cross-section of a first enbodi ment of the invention; Figure

: 5 i.s a torque curve for the nagnet of the 5 invention in the enbodi nent
-of Figure 4, Figure 6 is a cross-section according to Figure 4 with the
srotor position shifted; Figures 7 to 11 aye scrap-sections of further 5

= .embodi ments of the invention. Referring to Figure 4, a switched rel uctance

not or conprises a rotor 10 which is mounted to rotate inside a stator 12.

‘The notor is magnbesdeubéydaab|Ehe pyhe. fdbes 1OFf therpﬁégeﬂtﬁinééhﬁlon

: | arl d;Lo 1 t.at or

equi angul ar | yPESSSRECHE ML 1t any Gk Ehoe PRSATIRRE pornsrd ne
faces of the ibEI w4ldnstRaty cnémtmatlt“ﬂe{ swel br fuemt heppsn.dmormtsaic&'s aef i nes
an air gap. Tge=stainr pRIGUY eoFXEhEe(iajl%e posit &, & Q‘[l ipdiggs. 18 to

‘create g pair oé adjacent north poles N and a“palir of adja ent “sou poles
S

More generally, by the same reasoning, the rotor will not
remain at rest at any angle other than the stable and
unstable zero torque positions of Figure 5 in the absence

10 of any load the magnets themselves are unable to
overcome. In the unlikely event that the motor is at
rest in an unstable zero torque position (e.g. 8 = -67%°),

a short pulse of excitation of the winding will impart

negative torque to the rotor and cause it to move in the
15 reverse directioh to a stable zero torque position e.g. -

22%°, or to a regibn in which the excitation under the

control of the rotor position sensing means imparts

sufficient pbsitive torque to cause it to reverse its

direction of rotation to  -the forward direction so that
20 normal forward runﬁing is established.

As stated above, the motor of Figures 4 and 6 is designed
to run in a clockwise direction. If, on the other hand,
it is desired that the motor start and run in the anti-
25 . clockwise direction, this can be achieved by
repositioning the magnets 20,22 on the exposed sides of
the adjacent poles 16’ of like polarity. This will tend
to shift the rotor at rest to a non-zero torque position
in which the rotor poles are displaced to the opposite
30 side of an adjacent stator pole.

-In practice motors designed according to the invention
usually develop much greater torques at full current than
are developed by the magnets, i.e. the ratio of peak.




according to the notor construction disclosed in US 5043618. 20 One
pair of opposed stator poles 16 each has a pernmanent magnet 20,22 nounted
on.its exposed side opposite that side adjacent its pole w nding. The

- magnet has an orientation which is the sane as its host stator pole 16, as
"~ seen at the pole face, and effectively forfs an 25 extension of the
pote face. The longitudinal or axial extent of the nagnet may be the sane
as that for the stator, itself or roportion of it... In the latter
case the mgneCoRERGEN EIEEAY JuaPd 5 FHS IRFRLY Frentsm a
Fegi on part maﬁhannmhetrexatEvgumaﬁimﬂmmﬂppémturetioftmbqu&espeutih&eto

Corr) Cof the r Savath, EPORLER-S Clndls TshURRRESA ' I AR Telhe. AR "

positive torqushape hefr égraonst@rtdlmd‘-orql@etﬁemﬁst@olﬁlqw@gne‘cqa@npda tion

of the skaticC (QJfi4®1lled and designed by the length of the magnets in
the lohgitudinal direction parallel to the axis of the
motor, the type of permanent magnet material used and by
their radial extent. Only one magnet need be used.
However, while any realistic number may be used the use
10 of two is preferred.

The motors are used in applicetions in which the friction
forces and static load forces are significantly lower
than the maximum torques produced by the permanent
15 magnets. A fan drive is a typical example cf an
application to which the motor is well suited.

It will be appreciated in relation to US 5043618 that the
region of back of core 24 between poles of a pole group

20 in the modified form carries flux due to the permanent
magnets because they are positioned asymmetrically with
respect to this part of the magnetic structure. This
flux is relatively small and the benefits of reduced
lamination material may still be exploited. 1In fact, the

25 invention is still applicable even when the back of core
regions 24 are removed altogether because the flux of the
magnets 20 and 22, after crossing the air gap, returns to
the stator through the stator poles 16 and 16’.

30 An important feature of the invention is its simplicity
and ease of manufacture. A attractive feature in this
respect is that the magnets can be assembled in an
unmagnetised state, the magnet being magnetised after
assembly by the passage of currents through the stator

IR e



curve due to current excitation in Figure 2 and that the magnets produce a

- negative torque in the region around the stable zero torque position of the

wstator torque 5 curve due to the current excitation in Figure 2. Figure

6 shows the notor of Figure 4 with the rotor angularly displaced such that

- two of the inter-polar axes of the rotor p%l es are aligned with the axially
opposed 10 per manent magnets Figures 4 and 6 show

I h h
Ctabl o and unstaBPATSs: HbRETBE ii?%yt?ﬁ T dane ot il dhindy
nmagnet s as il | oelanst euf | ant hexdddeeyofwiFiding: Bay 1bel used | imeplader stfbod
that rotor POSLELGRMRSISHIGHERANS SANEREL Scdde ¢he nd é@gﬁ%ﬁeo%% ply

over the regi ons pOSItI etor ue 0O gure €. Jd. err err to
[err] = O[ err] peego not be PREMANSBKAE sRINetised. The hexedtatips of

nitially stat lcmarm(ag?ﬁembwuindmbaﬁenﬁ@erb@ ghablke thesidowrof 2erq
torque in Fig.2 4 0 err%£¢ the pegative torq roduced b the

magnets will c&9 8 eVRFEED |r38t|8Hx%3§F%¥ stPAINEF
t or que positlomp@frabae sm?g]gur'eoSe(celge ther membex?[ts riyge the tﬂta:dn)t or

Is initially out of an undesirable position only for starting and then
to de-energise the member while the motor is running or
10 not in use.

Figure 7 shows a stator pole magnet 28 mounted in a

recess 30 in the pole 32 itself. The pole face is

arcuate, but the surface of the starting magnet facing

15 the rotor pole path is flat. In Figure 8 a magnet 34 is

again mounted on the side of the host stator pole 16.

Howevér, the surface of the magnet facing the rotor pole

path is arcuate, having the same radius of arc as the

_ stator pole face and defining the same air gap as the

20 host stator pole face with respect to the rotor pole

face. The arcuate face on the starting magnet allows it

to maintain its optimum closeness to the periphery of the

rotor pole path. Because of this the starting force

exerted by the magnet is greater over a wider arc than

25 ‘for a magnet of equal strength but with a flat facing
surface. )

Figure 9 illustrates a magnet 36 in a recess 38 in the
stator pole 32. The magnet is angularly spaced from the
30 pole face by a non-magnetic spacing piece 40. An example
of a spacing piece would be some glue to hold the magnet
in place causing the spacing, or an adhesive pad having
the same function.
-




stationary at an unstable position'of zero torque in Figure 2 (e.g. [err] = n
_-90[err]) the positive torque produced by the magnet will cause it to nove

= 4in the formard direction to the stable zero torque position in Fi-gure 5

J—

a}(e g. [err] =30 22[err]). Wile previously if the nmotor of Figure 1
1, fwas smntched on with the rotor at rest ingny zero torque position for the

iexcitation currents it would fail to start, the 7 magnets extendi ng

"the pole faces of the present invention prevent it settling in any of these

posi tions. |ndeedpidiirad hb %tanﬁé?rﬂ)@ﬁth@u'ﬁwowtledf rl:Q{Hfhd)Oﬁht aQuate as
[err] = -22[err] because of the 05|t|ve tomgﬁe in this regi on.

More general | ¥ %}qmen?érr@aﬁéﬁdﬁ n§r° e PiRse notTtl‘%rmE?]@ta‘f Adst at

- any angl e ot heixtidiats Hetwaieabtheledgess bablth ez expdsaid] $d e Bt iadiacdnt

‘Figure 5 in the ahsenc are
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the cover plate presents a smooth c1rcu1ar surface to the
rotating rotor when such plates are fitted. between all
adjacent poles. This is aerodynamically advantageous and
serves to reduce the wind noise and windage losses in the
motor. Because the plate 44 is non-magnetic it is

10 magnetically indistingquishable from the air gap in terms
of its reluctance to the flow of flux. '

In Figure 11 a magnet 46 is shown on a stator 48 in which
a winding 50 embraces a single pole 52 as described in US
15 5043618. The magnet 46 is mounted in a recess 54 in the
host stator pole similar to the arrangement in Figure 7.

It will be apprediated that one or more magnets according
to the invention can be fitted to a motor. Where there

20 are more than two poles in a group of poles a selection
or all of the poles . in the group may be fitted with a
magnet, e.g. two starting magnets can be fitted on two
poles in a group of three. Differing arrangements of
magnet can also be used on the same motor.

25
The méénetisable nember may equally well be attached to
a rotor pole. However, because the rotor is rotating at
speed careful consideration must be given to balancing it
and to attaching it securely to the host rotor pole.

30

It will also be appreciated that the motor according to
the invention can be run as a generator.




rest in an unstable zero torque bosition (e.g. [err] = -67[err]), a short
pul se of excitation of the winding will inpart néggélxgﬂlgiggg,Ln_Lhe rotor -
and cause it to nove in the 15 reverse directd a stable zero -

torque position e.g. - 22[err], or to a region in wh '“ﬂﬂLon
. under the control of the rotor position ¥ensing rrei “m WEi ent
positive torque to cause it to reverse its directi ongofc ioh to the

m

ot ami
forward direction so that 20 normal forward running is established. As
stated above S¥M8bt or of Figures 4 and 6 is designed to run in a
cl ockwi se direction. If, on the other hand, it is desired that the notor

start and run,in the antj cl ockwi se direction this can be

- 2
achi eved byt epo t?%ﬁﬁ?ﬂf?hﬁe%%@ﬁ%?geZﬁ?E%rdﬁoTﬂﬁlﬁﬁﬁgséd si des of the
adj acent pol es 16'aofthike pEfaning Shatow [poliesndand $laivfing hstatoer at

rest tg a noﬂifﬁggnéofgyﬁ%ﬁgﬁéiéP i@h&“éf@t&PegéféQ[ QH?ES are di spl aced
to the “opposite side of "an adjacent stator pole. I'n practice notors
desi gned accor di ng? t¥P%de debming retenl Pylery droyenet of chher robegues at

full current ghangasariauatenedpythde skageet polds CactBeaialy af tReak
energisation of the stator windings;
characterised in that a magnetisable member is
10 attached to at least one stator or rotor polé, acting as
i a host pole, in a position such that it influences the
‘ rest position of the rotor, when the winding is not
energised, to maintain the rotor in a non-zero starting-
torque poéition relative to the stator.
15
2. A motor as claimed in claim 1 in which the
magnetisable member is a pérmanent magnet or an
electromagnet. '

20 3. A motor as claimed in claim 1 or 2 in which the
magnetisable member is mounted angularly to one side of
its host pole.

4. A motor as claimed in claim 3 in which the stator
25 poles of like magnetic orientation are grouped together
and the magnetic orientation of adjacent groups is
different, at least one group of stator poles of like
orientation having at least one magnetisable member for
influencing the rotor.
30
5. A motor as claimed in any of claims 1 to 4 in which
the magnetisable member is mounted in a recess in the
pole face.
P S T —
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8 torque in Figures 2 and 5 is usually considerably greater than the

; relative maxi num departures of the respective curves from zero torque
i ndi cat ed. The magni tude and shape of the static torque curve of the

magnet can be 5 controll ed and designed by the Ilength of the nagnets in

* the longitudinal direction parallel tot axis of the notor, the type of
per manent nmagnet material used and by their radial extent. Only one

magnet need be used.. However, while any realistic nunber nay be used the

\t,J\;_e ﬁo ot of t.wo h?nﬂ&t@freﬁrszélaﬁfi&drﬁtmgﬁ?}ar@f USESling nppdf:ixaihlomihn
ich the fricgtion forces static load forces are_significant wer
than t ho. rmx i ARERGES SakR MAFESF (6 BaPEeS, §R 1a s 8 1EAT of LRET
fan drive ishastypodal. exanple of an application to which the notor .is
well suited. It will be appreciated in relation to US 5043618 that the

regi on of back of core 24 between poles of a pole group 20 _in the
modi fi e8 for m7car r Red®otarx agucliapingte perannedf @bayHBsslbkeadsént Waychre

positioned asypetthqal#ycd IdF the magnetisable member is flat or

arcuate with respect to the axis of rotation of the
rotor.

10 8. A motor as claimed in any of claims 1 to 7 in which
a non-magnetic cover platé spans the angularly extending
gaps between the poles of the stator to present 'a
substantially smooth circular section surface to the
rotor.

15
9. A motor as claimed in any of claims 1 to 8 in which
the polarity of the magnet is orientated to be the same
as that at its host pole when energised.
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respect to this part of the magnetic structure. This flux is relatively

: small and the benefits of reduced lam nation material may still be
exploited. In fact, the 25 invention is still appr;“""~_—auﬂu-w ----- 1 e
back of core regions 24 are renoved al to%et her becausd tiie SHEBT\MSBE@\

. magnets 20 and 22, after crossing the ai rtdap, return{ to t REPLAGEBr |

t hrough the stator poles 16 and 16'. 30 An | nport & re of (he
invention is its sinplicity and ease of nanufacture. A attractive feature
inthis respect 1is that the nagnets can be assenbled in an unnagneti sed
state, the nmadBSTRASTNg magneti sed after assenbly by the passage of
currents through the stator 9 windings. Alternatively, electromagnets
magneti sable b means of an aUX|I|ary wi ndi ng nay be used in place of

per manent maghdEROVEMENTS, I SR g 2 TOR8 need not be
permanegt | y magneti sed. The ex0|tat|on of 5 the magnet i sabl e nmenber

may be under the cxntr f a mtor control circuit having an auxiliary
pr ogr am itched reluctance motor has groups of adjacent

poles of the same polarity. A starting magnet is fitted
to one side of one or more of the poles in one or more of
the groups. The polarity of the magnet can be the same
10 as that if its host pole. The starting magnet influences
the rest position of the rotor when it is.not be driven
so that the rotor will not be in an orientation such that
it will not start when the stator poles are energised.

15
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operable sinply to excite the menber to urge the rotor out of an
s undesirable position only for starting and then to de-energise the nenber

- while the notor is running or 10 not. in use. Figure 7 shows a stator
pol e magnet 28 nounted in a recess 30 in the pole 32 itself. The pol e
“ face is arcuate, but the surface of the starting magnet facing 15 t he

. rotor pole path is flat. 1In Figure 8 g{ net 34 is again nounted on the .
side of the host stator pole 16. Howeve the surface of the nagnet facing
the rotor pole path is arcuate, having the sane radius of arc as the stator
pol e face and defining the sane air gap as the 20 host stator pole face

with respect to the rotor pole face. The arcuate face on the starting
magnet allows it to maintain its optinmum cl oseness to the periphery of the
rotor pole path. Because of this the starting force exerted by the magnet
is greater over a.wmider arc than 25 for.a magnet of equal strength but
wth a flat fac/ng surfg f illustrates a magnet 36 in a recess 38
in the stator pole 32. angul arl ¥ spaced fromthe 30 pol e
face by a non/magngbg An ekanpl e

PRIOR. ART
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of a spacing piece woiul-d be sone glue to hold the magnet in place causing

s the spacing, or an adhesive pad having the sane function. 10 In Figure
. 10 a magnet 42 is | ocated behind an arcuate secti on non-nagnetic cover '
_plate 44. The plate 44 extends ‘between the edges on the exposed side of
» adj acent stator poles 16. Together with the arcuate pole faces 5 the
cover plate presents a snooth circul ar Z;? ce to the rotating rotor when
such plates are fitted between all adjac®gtypoles. This is aerodynanmically
advant ageous and serves to reduce the wn oi se and wi ndage | osses in the
nmot or . Because the plate 44 is non-magnetic it is 10 magnetical ly

i ndi stingui shable fromthe air gap in terns of its reluctance to the flow
of flux. In Figure 11 a magnet 46 is shown on a stator 48 in which a

wi ndi ng 50 enbraces a single pole 52 as described in US 15 5043618.

The magnet 46 is nounted in a recess 54 in the host stator pole simlar to

t he arrangenent }?/Flgure .
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It will be appreciated that one or nore magnets according to the invention
can be fitted to a notor. Were there 20 are nore than two poles in a
group of poles a selection or all of the poles in the group nay be fitted
with a magnet, e.g. ‘two starting nagnets can be fitted on two poles in a -

. group of three. Differing arrangenengs)jof magnet can al so be used on the
" same nmotor. 25 The nmagneti sabl e nenbe equally well be attached to a
rotor pole. However, because the rotor [slrotating at speed careful

consi deration nust be given to balancing it and to attaching it securely to
the host rotor pole. 30 It will also be appreciated that the notor

according to the invention can be run as a generator. CLAI V5. 1. A
swi tched rsgldictance notor conprising a stator defining stator poles and
having sta&-of 5 wi ndi ng for energising the stator poles; and

£ [-90 /\.22.5 0o -
lr__/ | \V 6
-67.5 -45 (degrees)
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a rotor defining rotor .poles, novenent of the r ot or being influenced by the * ’
stator poles according to the energisation of the stator w ndings; .wa
characterised in that a nagnetlsable menber is 10 attached to at |east
‘one stator or rotor pole, acting as a host" pole, in a position such that.it
i nfl uences the rest position of the rotgr, when the W nding is not”
energised, to maintain the rotor in a ngf ero starting- torque position
relative to the.stator. 15 2. A nmotorl fas claimed in claim 1 in
which the magnetisable nenber is a permanent nmagnet or an

. el ectromagnet. 20 3. A motor as clained in claiml or 2 in which the
magnet i sabl e nmenber is nounted angularly to one side of its host pole. 4.

A nmotor as clained in claim3 in which the stator 25 pol es of I|ike
magnetic orientation are gr qd the magnetic orientation of
adj acent groups is different, atedeast one ghoup of stator poles of like
orientation having at |eas28or R enber for influencing the
rotor.
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30 5. A notor as clained in any of clains 1 to 4 i i he
ymagnetisabl e menber is nounted in a recess in the | e face. A
notor as clained in any of clains 1 to 4 in which tthe magneti sabl e nenber

'i's mounted on a side face of the host polg3 5 " A notor as clained
in any of claims 1 to 6 in which the end face of t L sabl e nenber is
flat or arcuate with respect to the axis of rotation of the rotor. 10~ 8.
A nmotor as clained in any of. claims 1 to 7 in which a. non-nmagnetic cover

pl ate spans tABSZRa@Tarly extendi ng gaps between the poles of the stator to
present a substantially snooth circular section surface to the rotor. 15 9.

A notor as clainmed in any of clains 1 to 8 in which

IMPROVEMENTS IN SWITCHED RELUCTANCE MOTORS

A switched reluctance motor has groups of adjacent
poles of the Same polarity. a starting magﬁét is fitted
to one side of one or more of the poles in one Oor more of
the groups. The polarity of the magnet can be the same

;0 as that if its host pole. The starting magnet influences
the rest position of the rotor when iﬁ is .not be driven
?o that the rotor will not be in an orientgtion such tha£
1t will not start when the stator poles are energised.

5
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the pdlarity of the magnet is orientated to be the sane as that.at its host
pol e *when ener gi sed. : ' o

- 1

IMPROVEMENTS'IN'SHIICHED RELUCTANCE MOTORS

This invention relates to a switched reluctance motor
comprising a stator defining stator poles and having
stetor windings for energising the stator polés; and a
rotor defining rotor poles, movement'ot the rotor being
S Lnfluenced by the stator poles according to the
| energlsatlon of the stator windings. | ' |

A form of switched electric reluctance motor is proposed
in patent US 5043618. The motor disclosed in that patent

10 g has two poles per pole group, and stator and rotor pole
arcs of about 30°. An example is illustrated in Figure 1
of the drawings. PFigure 2 illustrates the'stetic torque
curve, which is derived from the torque developed by the
motor with a constant.excitation current in the w1nd1ngs,

.15 as a,functlon of the angle 0 of rotation of the rotor.
Such curves .are characteristic'of'dbubly salient pole
motors and can be calculated or measured.

_'Positive torque is assumed to drive_the motor in the

- 20 forward, clockwise, direction so _thét “the angle' of

rotation 8 is increasing positively in Figure 2 in normal

operation. At low speed the winding carries  current

throughout the range of the angle of rotation 6

. corresponding to the positive'torque, from 8 = -45° to O
25 =0

It w111 be apprecxated w1th reference to Figure 2 that
the motor will only start from rest in the forward
direction if the rotor is in a position correspondlng to
30 a region of positive torque. On the other hand, if the
coil is switched acroés a d.c. vdltage supply when the
rotor is 'in a region corresponding to negative torque,
‘the resulting current in the winding will cause the motor
to move in the reverse direction. It will be further



