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rel at’es generally to variable 5 rel uctance notors, and nore
particularly, is directed to a singl e-phase vari abl e rel uctance notor
t hat _ enpl oys per manent magnets to enlePe that the rotor always cones
torest in a preferred starting position, thereby enabling reliable
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construct and thdMAS : &) \X : - @NDg controller.
TEe Si n]gl e- phase vari abl e reI uct ance drive Is therefore an attractive
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circuit inductanpsrmamnesit imagnets to ensure that the rotor always comes
to rest in a preferred sltarting position, thereby
enabling reliable starting of the motor. |
10 o Single-phase variable reluctance motors are well
known in the art. They are particularly simple to
construct and they can operate with a low-cost electronic
c_:bntroller_. The single-phase variable reluctance drive
is therefore an attractive choice for use in certain
15 cost-sensitive applications such as fans and pumps.
These brushless motors employ one or more exciting
w.ll.ndlngs and a magnetic circuit to produce mechanical
torque which is substantially proportional to the square
of the winding ampere-turns and to the angular rate of
20 change of the magnetic circuit inductance, which is a
~ function of the displacement of the rotor 'in the motor.
Typically, these motors employ a stator containing one or
‘more windings and a rotor mounted coaxially relative to
_ the' stator on bearings. Displacement of the rotor
25 relative to the stator produces a variation of the
reluctance of the magnetic circuit. |
The torque produced by a variable reluctance motor
is proportional to the product of the square of the
winding é_.‘mpere-turns and the angular rate of change of
30 inductance as a function of rotor displacement.
Accordingly, motor torque that is positive with respect
to some arbitrary reference éan only be developed when
winding ampere-turns are sustained during an interval in

which the inductance increases with rotor displaéement.
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vAduabhAce and to decrease or eliminate such ampere-turns
during intervals of decreasing inductance.

From the foregoing, it is apparent that the
application of the supply voltage to the winding must be
synchronized with the mechanical rotation of the rotor so
that the winding is supplied during intervals in which
the inductance increases with displacement and so that
the current is decreased or, preferably, eliminated
during the intervals in which the inductance is
dgcreasing- with rotor displacement. When a time-
invariant source of electrical energy, such as a direct
current source, is used, a controller is required to
produce synchronized pulsations of voltage or current.
The instants at which pulses are applied to and removed
from the winding(s) are determined by a rotor position
transducer (RPT) which sends data describing the rotor
pdsition to the controller.

- The single-phase variable reluctance motor, although
simple to construct, has several drawbacks.

Figure 1 shows a typical plot of starting torque
against angular rotor displacement for a known single-
phase variable reluctance'motor; It will be seen that
the machine only develops torque in, for example, the
positive direction between point 2 and point 4. To
rotate in the positive direction, it would preferably
only have c¢urrent supplied to its exciting coil(s) when
the rotor position is between points 2 and 4 and it
preferably would not have current supplied when the rotor



5 . reluctance notor, it is necessary to apply anpere-turns to the

‘not or - Wi ndi ng during intervals of increasing I nductance and to
decrease or elininate such anmpere-turns during intervals of
decreasi ng i nduct ance. From t he f§)r egoing, it is apparent that
the 10 application of the supply voltage®to the w ndi ng nust be
synchroni zed with the nechanical rotation of the rotor so that the
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devel ops torque in, for exanple, the 30, ., positive direction between point
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corresponds to any position in the regions defined by
15 points 1-2 and points 4-6.
o A solution to this problem has been to use small
pérmanent magnets to "park" the rotor in a position at
which it can generate adequate starting torque, e.g.
point 3 in Figure 1. Such a solution has been described,
20  e.g. in European Patent Application Nos. EP-A-163328 and
EP-A-601818. These disclose the use of one or more small
permanent magnets suitably affixed within the stator
structure at an appropriate angle for "parking" the rotor
in a position where sufficient torque is developed to
25 restart the motor. As described above, there is a
critical region in which the fotor must not stop if the
motor is to start again. The torque developed by the
magnetic field of the magnet in this critical region must
be sufficient to overcome the friction due to the
30 bearings or the rotor will stop in the critical area.
The motor will not start if this should occur.' The
parking magnets ensure that the rotor does not stop in
this critical region. '
One disadvantage with parking magnets as used in the



preferably woul d not have current supplied when the rotor

-3 _ position is between points 5 and 6. In the regions
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systems employing parking magnets, both the rotor and the
stator have four poles. In such 4/4 motors, a convenient
position can normally be found for the parking magnets so

10 that the position at which the rotor is brought to rest
is one from which the motor will develop good starting
torque when the motor is energized. In motors having two
stator poles and two rotor poles (2/2 motors) it is
difficult to identify a location where the magnets can be

15 affixed and still park the rotor in a preferred position.
Known techniques génerally' havé not allowed for the
céﬁvenient use of parking magnets in 2/2 motors. This is
disadvantageous in that a 2/2 pole combination is often
favoured for high speed operation.

20 : The present invention is directed to overcoming
these and other disadvantages of the prior art.

The present invention is defined in the accompanying
independent claims. Preferred features of the invention
are recited in the dependent claims.

25 The present invention is directed to a single-phase
variable reluctance motor including a stator having a

pair of projecting poles defining a principal axis and a

rotor mounted on a rotatable shaft co-axial with the
prlnC1pa1 axis of the stator. In one embodiment the

30 stator poles are inwardly projecting and terminate at a
| central bore. In that embodiment, the rotor is rotatably
disposed within the central bore. The stator poles are
arranged generally diametrically opposed to one another.

The rotor is mounted to a shaft and has a pair of poles



“which it can generate adequate starting torque, e.g. point 3 in

“Figure 1. Such a solution has been described, 20 e.g. in European
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the rotor causing it to rotate. One or a pair of
permanept. magnets are inserted into the winding(s)
forming the energizihg coil{(s) to park the rotor in a

10 preferred starting position when the motor is turned off.
If a pair of magnets is used, the magnets are disposed
diametrically opposed from one another.

In one embodiment of the present invention, a pair
of slot wedges are provided to separate the energizing

15 coils from the central bore. The slot wedges are
iqserted into notches formed in the stator poles that
retain the slot wedges in the correct position around the
central bore. The slot wedges have cut-out portions into
which the permanent magnets are inserted. The wedges

20 hold the magnets in the correct position with respect to
the central bore and thereby enable them to impart a
stronger magnetic force on the rotor poles by decreasing
the separation between the parking magnets and the rotor

poles. When the motor is turned off, the only force
25 acting on the rotor poles is the magnetic force imparted
by the permanent magnets. This force aligns the rotor

in a preselected position at which the motor will develop
adequate starting torque when it is re-energized.

The fdregoing and other features of the present

30 invention will be best appreciated with reference to the

detailed description of an example of the invention,

which follows, when read in conjunction with the
accompanying drawings, wherein: |

FIG. 1 shows an exemplary plot of starting torque



physi cal space and require additional manufacturing steps to properly
posi tion the parking magnets. Moreover, the use of parking magnets
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FIG. 6 is a diagram of a pair of slot wedges used in
15 the embodiment of the single-phase variable reluctance
motor shown in FIG. 5. '

- Referring initially to FIG. 2, a prior art single-
phase variable reluctance motor is shown generally by
reference numeral 10. For the sake of illustration, the

20 simplest form of motor having two stator poles and two
rotor poles (i.e. a 2/2 motor) is shown.

The motor 10 comprises a stator 12 and a rotor 14.

The stator 12 has a pair of projecting poles 16 and 18

that define a principal stator axis extending outward

25 from Figure 2. In Figure 2, the poles are inwardly

extending and terminate at a central bore. The poles 16

and 18 are disposed 180 degrees with respect to each

other. The stator 12 and the rotor 14 are formed from

laminations of a ferromagnetic material. Energizing

30 coils 24 and 26 are wound around the poles 16 and 18,

respectively. In one embodiment, the energizing coils 24

‘and 26 are wound 220 turns around each pole 16 and 18,

although a different number of turns may be used. The

energizing coils 24 and 26, when energized, cause a



central bore. In that enbodinment, the rotor is rotatably di sposed

*within the central bore. The stator poles are arranged generally
diametrically opposed to one another. The rotor is nounted to a
shaft and has a pair of poles- _ 5
general |y diametrically opposed from each ot%er'. ‘The stator and
rotor are typically fornmed fromlam nati ons of : a ferromagnetic
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resen |nven I-on, sl ot medges are
provided to separate Mhmrertémegp@nﬂg 24 and 26 are energlzed typically by

applying a voltage to them from a power source (not
. shown), the poles 16 and 18 become "magnetized" and thus
10 form electro-magnetic poles; These magnetic poles
attract the poles 30 and 32 Qn the rotor 14 thereby
impartihg a torque on the rotor.
When the rotor 14 is in position A shown in FIG. 3A,
and the stator poles 16 and 18 are energized, a
15 substantial torque is imparted in the clockwise direction
on the rotor 14. The stator poles 16 and 18 remain
eﬁbrgized until the rotor 14 approaches the fully
aligned position, shown in FIG. 3B. In the fully aligned
position the torque imparted on the rotor 14 is 2zero.
20 During operation, at or around the instant that the rbtor
14 passes through this position, the stator poles 16 and
18 are de-energized thus causing the rotor 14 to freely
rotate. If the stator poles 16 and 18 were not de-
energized at or'near this point, a negative torque would
25 be applied to the rotor 14 thus attempting to reverse its
direction of rotation. As explained above, if the rotor
14 comes to rest in the fully aligned position when the
motor 10 is turned "off", it cannot be restarted by the
electromagnetic force generated by the "energized" stator
30 poles 16 and 18 alone. It remains stuck in this
position.
In position C (shown in FIG. 3C), the stator poles
16 and 18 remain de-energized thereby allowing the rotor
14 to freely rotate. The rotor 14 freely rotates in the



15 coils fromthe central bore. The sl ot wedges are I nserted
into notches forned in the stator poles that . retain the slot wedges
in the correct position around the central bore. The slot wedges

" have cut-out portions into whi ch the gernanent magnets are inserted.
The wedges 20 hol d the magnets in the corfect position wth respect to
the central bore and thereby enable themto inpart a st ronger
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of starti ”9 tc)rq"&eeaches position A. . The rotor 14 rotates @hrough 180
degrees as it rotates from position A, through positions
10 B, C, and D and back to position A, as shown in FIGs. 3A- .
D. | | |
The object of this invention is to overcome the
problem in the prior art devices of being unable to
restart the motor 10 when the rotor 14 stops in a
15 position at which it cannot develop adequate starting
t?rque in the desired direction. Two such positions are
generally illustrated in Figures 3B and 3D. The present
invention solves this problem by providing one or a pair
of permanent magnets which are disposed within the
20 energizing coil(s) 24 and 26, respectively. This
configuration ensures that the rotor 14 assumes a
position at rest from which a reliable restart of the
motor 10 can be ensured.
Referring now to FIG. 4, one embodiment of the
25 present invention is shown. In this embodiment, a pair
of permanent magnets 34 and 36 are inserted into the.
energizing coils 24 and 26, respectively. The magnets 34
and 36 are disposed about ‘the poles 16 and 18,
respectively, so that each magnet is generally disposed
30 180 degrees with respect to the other. This
configuration causes the rotor 12 to "park" at or near an
angle a from the completely aligned position when the
motor 10 is turned off. As illustrated, the ends of the
magnets that project into the central bore 20 may be
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and 18 ar godi spogadel3q ot Uk aes mihl t5e3Reahdl 3628BBuld be placed on the
opposite sides of the stator poles 16 and 18,
respectively. ‘As will also be appreciated by those of
ordinary skill in the art, the angle o can be varied
depending on where in the windings the magnets 34 and 36

15 are placed so long as a is less than 90°.

,‘ The windings of the energizing coils 24 and 26
aibund the poles 16 and 18, respectively, are defined by
an inner winding 38a and an outer winding 38b. The
magnets 34 and 36 are disposed between the inner windings

20 38a and the outer windings 38b. As .a person of ordiﬁary
skill in the art will appreciate, the inner windings 38a
and the outer windings 38b may each have any number of
turns of the energizing coils 24 and 26. In one example,
the inner windings 38a have 100 turns and the outer

25 windingé 38b have 120 turns.

An alternative embodiment (not shown) uses the voids
behind the magnets 34 and 36 for some of the turns of the
inner windings 38a and/or the turns of the outer windings
38b.

30 A yet further alternative embodiment of the present
invention is shown in FIG. 5. In this embodiment, a pair
of curve-shaped slot wedges 40 and 42 are provided to
separate the energizing coils 24 and 26 from the central
bore 20. Each'of the pair of durve-shaped slot wedges 40



other. The stator 12 and the rotor 14 are forned from | am nati ons

-of a ferromagnetic material. Energi zing 30 - coils 24 and 26 are wound
around the poles 16 and 18, respectively. In one enbodi nent, the
energi zing coils 24 - and 26 are wound,220 turns around each pole 16
and 18, al t hough a different numnber oP turns may be used. The
gnerg|2|ng coils 24 and 26, when energized, cause a
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higher magnetic force on the rotor poles 30 and 32 than
would otherwise be possible.
In Figgs, the cut out portions 44 are shown
10 generally symmetrical about the centre of the wedges 40
and 42. Embodiments are possible where the cut out
portions are positioned towards one end of the wedges, so
that the magnets act principally on one end of the rotor
14.
15 The magnets 34 and 36 are preferably selected so
t?at the magnetic force which they exert on the rotor
poles 30 and 32 is just sufficient to align the rotor 14
in the preferred starting position for a particular
application. This minimizes any parasitic losses
20 associated with the presence of the magnet when the rotor
is in motion and hence reduces any fall in the efficiency
of the motor. .
The stator 12 of the motor 10 shown in FIG. 4 is
preferably constructed as follows. First, the inner
25 windings 38a are created by winding a predetermined
number of turns of the energizing coils 24 and 26, for
example 100 turns, around the poles 16 and 18,
respectively. Next, a pair of dummy blocks (not shown)
are incorporated into the energizing coils 24 and 26 as
30 the outer windings 38b are formed. The outer windings
38b are formed by winding a predetermined number of turns
of the energizing coils 24 and 26, for example 120 turns,
around the dummy blocks and inner windings 38a formed
around the poles 16 and 18, respectively. Once the outer



I nparting a torque on the rotor. When the rotor 14 is in

“position A shown in FIG 3A and the stator poles 16 and 18 are
‘enerdized, a 15 substantial torque is inparted in the clockw se
direction on the rotor 14. The stahgy'poles 16 and 18 remain
energi zed until the rotor 14 approaches t fully al i gned
position, shown in FIG 3B.  In the fully aligned position the torque

mparted on the LghRinkd heK &2 E%Qmedt%ug%ﬁp@faﬁ %1&{1%@“9%{;%4 he

instant that the ro thi's position tor

pol es 16 and remoysdaﬁéddéh@nmagm@ Buan 36 re hhentinsented intel y
rot at;eh | f tpetabagapsp%etﬁ\ea6b§vn@hb8dmﬁ@ 'Bltodi%' The n} ; R Zﬁ? a&xdl Zr
near 'S p0|n Ve or (6] e rotor
Thos attemniing 28 Me¥okher GaQhAE 81 4te ZBnepnigrar BRir 804" Aol A8 ¥t
above, if Bhe rotohigh tempétatuwesepoxyegnuenorhslmnléy'm&tgmbdlpOSItunﬂ

when the - [RuRGiiQhs iy &ne&, Ohbgneth 3N B! €51 g%%%%g LT

electronagnetlc orce genera energlze
and 18 al one. the edmxgap %Qmekd im thies central perre 2f. because they|n

position C (showglagn cjﬂrféaé_c) thé heotbat %{ndjoiﬁ@erfere wi@ha'i@.slarét?é@iéh

de-energi zed there QW n he rotor 14 to freely rotate,
rotor 14 freely N@pggggqhgqﬁualt is preferable that they ‘are p031t10ned
10 as close as reasonably possible to the central bore 20.

This step can be facilitated if the side of the magnets
34 and 36 facing the central bore 20 is curve-shaped, as
shown in FIG. 4. The motor 10 can then be constructed as
is known in the art. '

15 - To construct the stator 12° of the alternate
embodiment shown in FIG. 5, the same steps should be
féllowed. The only additional step is to mount the slot
wedges 40 and 42 to the stator 12°. This is accomplished
by inserting the slot wedges 40 and 42 into the notches

20 46 formed in the poles 16° and 18°. 1In performing this
step, it is important to align the cut-out portions 44 in
the slot wedges 40 and 42 with the magnets 34 and 36, so
as to expose them to the central bore 20. The motor 10~
can then be constructed as is known in the art.

25 " While the present invention 1is susceptible to
various modifications and alternative forms, specific
embodiments'have been shown by way of example in the
drawings and description herein. Moreover, the present
invention is applicable to inverted motors where the

30 stator has radially outwardly projecting poles and is

: positioned'within the bore of an outer rotating rotor.
However, it should be understood that the invention is
not intended to be limited to the particular forms
disclosed. . Rather, the invention is intended to cover



8 cl ockwi se direction until it reaches position D (shown in

-Figure 3D), known as the m nimum i nductance position. The torque
inmpatted on the rotor 14-in this position is zero. At or around the
instant that the rotor 14 passes 5 t hr h position D, -the stator poles
16 and 18 are once again energi zed thereby inparting a torque to the
rotor whi ch increases to a high value once the rotor 14 again

reaches position &%f?ﬁ&fléﬁ OEah.eﬁat.LQh‘ElégQn@%lterna%%@eﬁaﬁﬁlhé
rotates from position rou positions C, and D an

position A as:ﬂ%ﬁhiﬂrﬁh#GﬁPlBPF Pand scppe °f the 1nveﬂﬁ¥Qﬂn%§tg%£1?ﬁ s
invention is t 0 YRy & NFppdieded clapm@blemin the prior art devices of

bei ng unable to restart the notor 10 when the rotor 14 stops in a 15
position at which it cannot devel op adequate starting torque in the
desired direction. Two such positions are generally illustrated in
Fi gures 3B and 3D. The present i nvention solves this problem by
provi ding one or a pair of permanent magnets whi ch are di sposed
within the 20 energizing coil(s) 24 and 26, respectively. Thi s
configuration ensures that the rotor 14 assunmes a position at rest

fromwhich a reliable restart of the notor 10 can be ensured.
Referring now to FIG 4, one enbodi nent of the



25 present invention i's shown. In this enbodinment, a pair

ot
B a6, T oape mﬂm\\gﬂum s O Dng e THRESH FEE

about the poles respectively, sp t haREE’ Bragnet| i s
general l'y di sposed 30 180 degrees wit k3 respect to the other.

Thi s configuration causes the rotor 12 to "park"” at or near an

angle [err] fro onpletely aligned position when the notor 10
Is turned off. trated, the ends of the magnets that project

into the central bore 20 may be

manuf act ur ed, hi ne h
nmag g or r{ﬁlos{?hé% aV@a§15ﬁg%\rtseoxfeluct né\é’rx:ﬁéﬁﬁs, may

correspondlng to fhat of t rnat ] vel t
be flat. compyheanghe not or 10 is turned on and the stator poles 5

16 and 18.g are energi gedrathe GRIFAMINY & pHiAE 3BoBEE arrangdd ! 4B66€0a
toward the stator goles 16 and 18, thereby initiating a cl ockw se

rotation of the FPHREPT18X18/S wi| | be appreciated by those of ordinary
skill in the art, if a rotor arranged to rotate about the axis;

at least one energising coil wound around at least
one of the stator poles; and
10 : at least a first magnet positioned within the coil
| so as to locate the rotor in a preferred starting
position when the coil is not enefgised.

2. A motor as claimed in claim 1 in which the stator
15 poles project radially inwardly, partially defining a
c?ntral bore between them.

3. A motor as claimed in claim 2, further comprising a
first slot wedge interposed between the central bore and
20 the coil adjacent the magnet.

4. A motor as claimed in claim 3 in which the slot

wedge defines an aperture in registry with the position

of the magnet, such that the magnet is exposed to the
25 central bore.

5. A motor as claimed in claim 4 in which the pair of
stator poles have notches engaged by the slot wedge for
securing the slot wedge in position.
30 | |

6. A motor as claimed in any of claims 1 to 5,
comprising first and second energising coils each
arranged to excite a réspectiVe one of the stator poles
and a second magnet, the first and second magnets being

heet Has Been Replaced
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it is desired-to have rotation-in the counter-clockw se 10 di rectl on,
-t he magnets 34 pl aced on the 0RDoS-t-e—si-tes t he
stator poles 16 w ﬂil hji' espectively. As will ATHIS SHE%TpHAﬁcﬁE&Ned by
t hose of: n the art, the angle E?gE%REPLASEDed
dependi ng on where in the wi ndi ngs the nagnkts 34 and are placed
so long as a is less than 90. The w ndi ngs of the energi Zi ng
coils 24 and 26 around the, oI es,16 respectivel

Gofined by - - resperRALRIY, bt Sasean i shey Rarsy sahd “bépend
magnets 34 and 3Goile.di sposed between the inner w ndings 20 38a and
the outer w ndings 38b. As a person of ordinary skill in the art

wi |l appreciate, the inner w ndi n%s.38a _ .and the outer w ndings 38b
may each have an'S'/ nurdemobpr as claiwedsinfclatmederfirthgr coPnpraingda26.

I n one exajp ond éf@:l@@&éemrf&%é@%mnl%et BeREraldpbbe Quger
W nd| ngs %% ?n

25 ave 120 tuTn An alternative enbodi ment

(not shown) usestltlﬁeci?bﬂ-d§dlacent bR MAIPRE - -magnets 34 and 36 for sone of
the turns of the i nner wi ndings 38a and/or the turns of the outer
w ndi ngs 38b further a

. 30 t t ti
t he present 8. ngeﬁf"ﬁﬁ’ﬁ P& §ﬁ8§ﬁeflnlﬁl @y59ktﬁ£$§?‘|§vgn§8 n‘éﬂtWﬁ?ACéai r
of curve-shaped shetphedgesin@ingdceiiprisepray iidmert @inding adgpeeatethée
energi zi coil s %)%Egnd 1@0591&}1%&36355:@& w1nd1n80raen<?0 iF2GRieh {Pfe

pair of curve- sh3 Wedges
permanent magnet is pos1tloned between the inner and

outer windings.
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10 and 42 has a cut-out portion 44, as shown in FIG 6. The

- sl ot wedges 40 and 42 are retained in notches 46 forned in the stator
pol es 16' and 18', as shown in FIG 5. The cut - ouf">pg ONS A% il ]
aligned with the magnets 34 and 5- 36, so that the fEQ
positioned close to the central bore 28 thereby efab ) - 5
to exert hi gher magnetic force on the rotor poles 30 and 32 than
woul d ot herwi se he possible. In Fig.6, the cut out portions 44
are shown 10 é@ﬁ&ﬁé@ﬂ& symmetrical about the centre of the wedges 40
and 42. Enbodi ments are possi bl e where the cut out portions are

positioned tomarggégﬁngﬁﬂgﬁi_#g ‘ g s_act
principally on o ~oF= y q:‘geém‘ : M&P&i

36 are preferabl MAGNETS EMBEDDED WITHIDGR PHASEAWINDING or ce which t hey
exert on the rotor poles 30 and 32 is just sufficient to align the
rotor 14 in the preferred starting position for a particular

appl i cati on. This @& ni fingle-phgseparvasiighie | osebycbance aIwdmt eds
Wi th the presencqigiclidiedmondle Wik HAc10HeS a statorShh¥ifB! hOPadRdof

hence reduces any fall in the effic¢ienc
' _ %rgﬁecting poles 5e€9n¥ng a principal axis and a rotor

_ - mounted on a rotatable shaft co-axial with the principal
10 " axis of the stator. The stator may have inwardly
extending poles that terminate in a central bore and the

rotor may be rotatably dispoéed in the central bore. 1In

such an embodiment, the stator poles are arranged

generally diametrically opposed to one -another. The
15 rotor is mounted on a shaft and has a pair of poles
g?nerally diametrically opposed from each other. The

stator and rotor'may be formed from laminations of a
ferromagnetic material. Energizing coils are wound
_ around one or more of the stator poles. When energized,
20 - the energizing coil(s) impart a _torqué on the rotor
causing it to rotate. One or more permanent magnets are
inserted into the  winding(s) forming the energizing
coil(s) to park the rotor in a preferred starting
position when the motor is turned off. A pair of slot
- 25 wedges is also provided to separate the energizing coils
' from the central bore. The slot wedges are inserted into
notches formed in the stator poles to retain the slot
wedges in the central bore. The slot wedges have cut-out
portions which are aligned with the permanent magnets to

30 expose them to the central bore.

This Sheet Has Been Replaced

Tl

nd



of the notor. i.1he stator 12 of the notor 10 shown in FIG 4 is
‘preferably constructed as foll ows. First, the inner 25 w ndi ngs 38a
are Treated by wi nding a predeterm ned nunber of turns of the -

. energizing coils 24 and 26, for exanpl e 100 turns, around the poles
16 and 18, respectively. Next, aqpgir of dummy bl ocks (not shown)
are incorporated into the energizing coils 24 and 26 as 30 the outer

wi ndi ngs 38b are forned. The outer w ndings 38b are formed by

wi ndi ng a predeterm ned nunber of turns of the energizing coils 24
and 26, for exanple 120 turns, around the dummy bl ocks and i nner

wi ndi ngs 38a forned around the poles 16 and 18, respectively. Once
t he outer _ wi ndi ngs 38b are forned, the pair of dummy

bl ocks may be renoved and the magnets 34 and 36 are then inserted
into the gaps fornmed by the dummy bl ocks. The nmagnets 34 and 36
may be secured to the energized coils 24 and 26 with 5 a high
tenperature epoxy glue or simlar material. It is '

TORQUE

/__, ROTOR
ANGLE

-h..- -aa
m-- ---
(op]

FIG. 1
(Prior Art)
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undesirable for the nagggts 34 and 36 to protrude into . the air-gap
.formed in the central bdfe 20 because they may coritact the rotor and
intetfere with its rotation. Nevertheless, it is preferable that they
are positioned 10 as close as reasonably possible to the central bore
20. This step can be facilitated if the side of the nmagnets

34 and 36 facing the central bore 20 is gygve-shaped, as shown in
FIG 4. The notor 10 can then be constructed as is known in the art.
15 To construct the stator 12' of the alternate

enbodi nrent shown in FIG 5, the sane steps should be foll owed. The
only additional step is to nount the slot wedges 40 and 42 to the
stator 12'. This is acconplished by inserting the slot wedges 40 and
42 into the notches 20 46 forned in the poles 16 and 18 . In performng
this step, it is inportant to align the cut-out portions 44 in

the sl ot wedges 40 and 42 with the magnets 34 and 36{0so as to
expose themto the central bore 20. The notor 10 can then be
constructed as is known in the art. 25 Wl e the present
invention is susceptible to various nodifications and alternative
fornms, specific eyodi mrents have been shown by way of exanple in the
drawi ngs and descri ption hersisr egdver >t he present invention is
applicable to inverted nojor e S has radially
outwardly projecting p s/a oA tyoped within the bore of an
outer rotating rotor. Y, i 0 bA\under st ood that the
invention is q ot/ d Aqg | } pamfdcular forns
di scl osed. her /'t He qan [ : .

20
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>
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FIG. 2
(Prior Art)



12 all nDdifications,quuivalents and alternatives falling within the
‘gpirit and scope of the 1 nvention as defined by the appended cl ai ns.
1

VHATI S CLAIMED | S

not or,

~

FIG. 3A
(Prior Art)

A

singl e- phase vari abl e rel uctance

3/6

FIG. 3B
(Prior Art)

'i%

KX XD

%

FIG. 3D
(PriorArt)



conprising:. 5 Qé-stator having a pair of projecgting poles defining

“a principal stator axis; a rotor coupled to a rotatable shaft
co-akial wth . the principal axis of the stator; a first
ener.gi zing coil wound around one of the pair 10 of stator poles formng
a fi:rst w nding; a second engr%izing coil wound around the
ot her of the pair of stator poIes-( rmng a second w nding; and
a first permanent magnet positioned outside the one stator pole and
enbedded within the first one of -said 15 w ndings so as to |locate the
rotor in a preferred position when said first and second coils are
not ener gi sed. 2. The singl e-phase variable reluctance
notor as 20 defined in claim1, further conprising a second permnmanent
magnet positioned within the second one of said w ndings formed by
the second energizing coil, said firgt and second per ent magnets
being dianetrically opposed one anot her. 25 . The
si ngl e-phase variable _@luctance tor 16 defirfed in claim2,
wherein the stator s are inwardl projecting and term nate at a
central bore, wherernh the T re outwardly projecting, and
wherein the 30N rotor | o2 t¥o It h'n cental bore. '

38a _ 24

%
34 ~ I':'I %
38b / Eii\ I.s.é:“'ul ,s:ll
I‘I:I‘ ‘:-- < \ 20
&Y \\\
30 i
% 14
; 32
oy %
& 38b
26
36
12 1 |
18 38a

FIG. 4



4. A oethod of startjng a single-phase variable | rel uctance
-notor defined by a stator having a pair of projecting pol es defining
a prtncipal stator axis; an energi zi ng coil wound around
one ¥of said stator poles; and a rotor having a pair of projecting
pol es forned of ferromagnetic natgréals, said rotor being nounted to
a shaft co-axial with the principa( axis of the stator, 5 sai d
met hod conprising the steps of: positioning the rotor in a
preferred starting position when the energizing coil is not

energi sed, said positioning step being perforned by the attraction
of the poles of the rotor to at | east one permanent magnet 10
positioned outside said one of stator poles and enbedded wi thin the
energi zing coil; and eneggi zi ng the energi zing C?OI.

— 16° r~

o 46
. 46
38a . . 24
34 \ X :

38b- AN NS5
: :y HH&

‘\ - 20

7R NS ‘
P . 14

40 39
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&/ 38b

26
- 36
12°

46 18 46 38a

FIG. 5



5. A pethod of starting a single-phase variable ii’ rel uctance

‘mot or defined by a stator having a pair of i nwardly projecting poles
terMnating at a central bore, energi zing coils wound around the
pai £ of stator poles, . and a rotor having a pair of outwardly
proj.ecting pol es ' formed of a ferromagnetic material, said rotor
"being 20 rotatably nmounted to a shaft6/Bn the central bore, said

met hod conprising the steps of: positioning the rotor in a
preferred starting position when the energi zing coils are not

ener gi zed, said positioning step being perforned by the attraction 25
of the poles of the rotor by at | east one permanent magnet:
positioned outside said stator poles and enbedded in at |east one
energizing coil; and energizing the coil. 6. A single-phase
vari abl e rel uctance notor, 30 conpri si ng: a stator
having a pair of projecting poles defining a principal stator axis;
a rotor coupled to a rotatable shaft co-axial with t he princi pal

axis of the stator;




. - an energi zing coil wound around one of the stator poles forming a

phase wi ndi ng; and a pernmanent nagnet positi @@QLA Emﬂ the»rf

one gtator: .

di

i pol e and enbedded within said phase w

f'Iocate the rotor in a preferred- posi tion mhgn sai d enersd@#%ﬂ%§0|l

L isinot energlsed 7. The  single- Rase vari ablle di
i-m)tor as - - defined in claim6; wherein the stator polles are | nwar ty
:”10 prOJectlnngmﬂAcgrn1nate at a centrel bore mherelnLthe_ “nﬁif[gngg
* poles are outwardly projecting, and wherein. the - rotor bT BEStd
“within the central bore. 8. A slngle phase ~ variable

reluctance - ot SINGLE-

dﬂ;t'n ﬁgwg a _pair
of projecting pQMféNgfé':' v eﬁgﬂﬁugﬂz
stator poles are v

' ' i o a rotatable shaft co-axial with 20
bore; 5 a rotor coupled t wn 2o

the: principal axis. ofy t he el e rotor fyn
outwgrdly BrOJect|n rotor 0 e§, er el XL qéiWQﬁ%ﬂCQs pesiori ongd

within the. cent r&isekpeedandrhe motomhmeltmdésl&a S$tEd s A 1104 04 B4 Erf QF TR
of Ian1natlon5($r03ect1ng poles. deflnlng a principal axis and a rotor
o . mounted on a rotatable shaft co- -axial with the principal
10 : axis of ‘the stator. The stator may have inwardly
' extendlng poles that terminate in a central bore and the
rotor may ‘be rotatably dlsposed in the central bore. 1In
such an embodiment, the stator poles are arranged
generally dlametrlcally opposed to one another. The
15 - rotor is mounted on a shaft and has a pair of poles
generally dlametrlcally opposed from each other. The
stator and rotor may be formed from laminations of a
: ferromagnetlc materlal Energizing coils are wound
around one or more of the stator poles. When energized,
20 the energlz1ng coil(s) impart a torque on the rotor
causing 1t to rotate. One or more permanent magnets are
inserted 1nto the winding(s) formlng the -energizing
coil (s) to park the rotor in a preferred starting
pOSltlon when the motor is turned off. A palr of slot
.25 "wedges is also prov1ded to sSeparate the energlzlng coils
; from the central bore. The slot wedges are 1nserted into
notches formed in the stator ‘poles to retain the slot
wedges in ‘the central bore. The slot wedges have cut-out
portions which are allgned with the. permanent magnets to
30 . expose them to the central bore._
' Figure 4 '




a ferromagnetic material; 25 a first energizing coil wound around
one of the pair of stator poles formng a fi rﬁmm 'i

a second energi zing coil wound around tq% ot her of m MﬂﬁHﬂ" ’

stator poles formng a second w ndi ng; | r’st tpermamen

posi tioned outside the one 30 of the pair of stator pol es and enbedded
wthin the first one of said windings so as to locate the rotor in a

preferred posit yaRTWen cgAhED 1S and second coils are not

ener gi sed; and a second pernmanent magnet positioned within the

second one

of said windings forned by the second energi zi ng

coil, said firsg, andAsec%BﬁéW Mgagiable réﬁiagax%fﬁethbeak'

opposed to one anot her

rel uct ance
5

10

15

20

25

30

si ngl e-phase vari a
nnFBWPrlSlng conpri si ng:

a stator having a pair of projecting poles defining
a principal stator axis;

a rotor coupled to a rotatable shaft co-axial with
the principal axis of the stator;

a first energizing coil wound around one of the pair
of stator poles forming a first winding;

a second energizing coil wound around the other of
the pair of stator poles forming a second winding; and

a first permanent magnet positioned outside the one
stator pole and embedded within the first one of said
windings so. as to locate the rotor in a preferred
position when said first and second coils are not
energised.

2. The ' single-phase variable reluctance motor as
defined in claim 1, further comprising a second permanent
magnet positioned within the second one of said windings
formed by the second energizing coil, said first and
second permanent magnets being diametrically opposed to
one another.

3. The single-phase variable reluctance motor as
defined in claim 2, wherein the stator poles are inwardly
projecting and terminate at a central bore, wherein the
rotor poles are outwardly projecting, and wherein the
rotor is positioned within the cental bore.

4. A method of starting a single-phase variable
reluctance motor defined by a stator having a pair of
projecting poles defining a principal stator axis; an

| REPLAGEMENT SHEET
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<

a stator having a pair of projecting poles defining a princi pal

stator; a rotor coupledtoarotatable X|al W th
the principal axis of the stator axis. m Humng COI|
wound around one of the pair of stHtor pol es wi ndi ng;

a second energi zing coil wound around the other of the palr of
stator poles formng a second w ndi ng; 15 a first permanent magnet

t d t he f st | d dded
B thinthe rirscietdfeflE coir wihollGRRda Ung' 85 Rahd) Balet HOFEHS",
preferred posit |ami eherosar dhévisg anpase'coﬁdpcmjl@talng poles rfoirmed of
ener gi sed; and net?lcfseﬁgﬁ'%rgﬁiga %'Qrid”axgﬂze&r H?éir&%%ﬁﬂn%&h't% tye

roma
second one of sal dr (ﬂngs or e 'z ng coll,

said first and %fd geranhaht Vﬂ%e‘the principalngxdisanet r th&l I%Faﬁmbsed

to one angther; gaid method ﬁ?'\:lﬁ’é dpdigF1 and second windings is
25 def i ned bysaan |“}1ener°vm |ng and an outer. wi ndi ng. 10. The

si ngl e- phase vari abl epmqmm fher rator in df prefenred aighaxting
wherein the fi riiogi%rlraaﬁweﬁr&g{@tene%glzmg SBSP oS thdte ey il ngrq and

out er w ndi ngs of t.he 3 first w ndin and t e second ermanent net

s Gl sposed - PORIAAGRING 1A S Rei g BesLpER Fi FHS TFCTAL Lot L

wi ndi ng. poles of the rotor to at least one permanent magnet
10 positioned outside said one of stator poles and embedded

within the energizing coil; and
energizing the energizing coil.

5. A method of starting a single-phase variable

15 reluctance motor defined by a stator having a pair of

inwardly project.ing poles terminating at a central bore,

energizing coils wound around the pair of stator poles,

and a rotor having a pair of outwardly projecting poles

formed of a ferromagnetic material, said rotor being

20 rotatably mounted to a shaft in the central bore, said
method comprising the steps of:

positioning the rotor in a preferred starting

position when the energizing coils are not energized,

said positioning step being performed by the attraction

25 of the poles of the rotor by at least one permanent

magnet positioned outside said stator poles and embedded

in at least one energizing coil; and energizing the coil.

6. A single-phase variable reluctance motor,
30 comprising: ,
a stator having a pair of projecting poles defining
a principal stator axis; o
a rotor coupled to a rotatable shaft co-axial with
the principal axis of the stator;

REPLACEMENT SHEET
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11. A single-phase vari abl e rel uctance not or, conpri si ng:
a stator having a pair of projecting poles definin ﬂnumﬁum
stator axis; 5 a rotor coupled ,H) a rotatat‘mmm | with

the principal axis of the stator. a flrst*en@rg1 2|ng Scoi | wound

around one of the pair of stator poles formng a first w nding;
a second energi zing coil wound around the other of 10. the pair of stator
poles formng a 56‘00% Véﬁ@f@ﬂz:.ng coil woun@ fdrcundesh@nstt tHRIator

posi ti oned out si :ithe one, the, pajr of stator poles and enbedded
within the firsPoles fopming %aﬁ’%ﬁ%ﬁn‘ﬂ’r WNGH 3 (o | ocate the rotor in a

preferred position weeperwahdrts &tag&m: posadofied! sufseddothe o¥é statox

ener gi sed,; %a segon nt ma et 05|t|Qn d within the
second one of sE°H& &é“cqetﬁ%%ﬁ 1’1@ & fase ' wi Bgi ANg2Eoite
said firss and Jecat pehﬁanrotom‘agjmt S preferliredngpdsﬁmizbhl owhery oFiesed

Lgrgne anot her; e%%qrgz.&ing coil iasfﬁééte elazogt:.se ge di sposed in the central

7. The single-phase variable reluctance motor as
defined in claim 6, wherein the stator poles are inwardly

10 projecting and terminate at a central bore, wherein the
rotor poles are outwardly projecting, and wherein the
rotor is positioned within the central bore.

8. A sihgle ~-phase variable reluctance motor,
15 . comprising:
a stator having a pair of projecting poles defining
a principal stator axis, wherein the stator poles are
inwardly projecting and terminate at a central bore;
a rotor coupled to a rotatable shaft co-axial with
20 the principal axis of the stator, the rotor defining a
plurality of outwardly projecting rotor poles, wherein
the rotor is positioned within the central bore, and
wherein the stator and rotor are formed of laminations of
a ferromagnetic material;
25 ' a first energizing coil wound around one of the pair
6f stator poles forming a first winding;
a second energizing coil wound around the other of
the pair of stator poles forming a second winding; -
a first permanent magnet positioned outside the one
30 of the pair of stator poles and embedded within the first
one of said windings so as to locate the rotor in a
preferred position when said first and second coils are
not energised; and
a second permanent magnet positioned within the
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adjacent to the first permanent nagnet that separates the first-

di spo.se;j in t.he I:re(rz{nr ;lhebg(ragt ;Sj! aggaf’ t gnd 5 second Jmm“"m’mmgm}mgnet

ener gi zi ng coi

1

that separates the second 25 energi zithg coil from*thé céentrals bore.
12. The single-phase variable reluctance notor as defined in
claim 11, wherein each of the first and second sl ot medges has a
cut-out port i on Lbabnas ohbo"6 “ellaOrinathds FOERESPRY! Nohe 2Chacein
per manent nmagnet ere per manent gn S to the

central bore.

305|ng

energlzmg coil, 18aidhbixsth gind ptecend perhirent| nRyBELS

motor as H@iﬁgeélaﬁee&%mi} oﬁﬁsééant&hsngaaﬁoeﬁeft ator pol es has
not ches for securing the first and second sl ot wedges In t he correct
positions with respect to the central bore. 5 14. A singl e-phase

variable srelucgancen nMpiQigle-phase variable  reluctance  motor,

10

15

20

25

30

comprising:

a stator having a pair of projecting poles defining
a principal stator;

a rotor coupled to a rotatable shaft co-axial with
the principal axis of the stator axis.

a first energizing coil wound around one of the pair
of stator poles forming a first winding;

a second energizing coil wound around the other of
the pair of stator poles forming a second winding;

a first permanent magnet positioned outside the one
of the pair of stator poles and embedded within the first
one of said windings so as to locate the rotor in a
preferred position when said first and second coils are
not energised; and

a second permanent magnet positioned within the
second one of said windings formed by the second
energizing coil, said first and second permanent magnets
being diametrically opposed to one another;

wherein each of the first and second windings is
defined by an inner winding and an outer winding.

10. The single-phase variable reluctance motor as
defined in claim 9, wherein the first permanent magnet is
disposed between the inner and outer windings of the
first winding and the second permanent magnet is disposed
between the inner and outer windings of the second

winding.
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~conpri si ng: a stator having a pair of projectinfﬁﬁiles defining

20P;i<ingi IO\(’/iv: tf]t ator axj[ fle é?l nci pal ax?s‘:%E O'[ hg(m“mml““‘mm \?bl e Snal
a

_ defining a
plurality of rotor poles; irst ererdi ztng"coi | wound around

one of the pair of stator poles formng a first w nding; 15
a second energi zing coil wound around the other of the pair of

stator poles fofyingpa sgiq{%qé/mgﬂggg; apdriabl 1Tvetddddad Pem nt
magnet pos!tipneglougs[de t e one ofl?heepmlyiﬁ stat or polggagﬁd
enbedded w t hi ”CPRRY1S1BY: one of said windings so as to |ocate the

rotor in a 20 prgf gta€8rPREVEh§NaVPaNrseEdpto] bt 2ng potesddedihingr e
not energi sed; L wherein the stator poles are inwardly projecting
and t er iR nBYENGiPALlCBRAFQE B¥LE; wherein the rotor poles are

out war dl y5 proj ecti nga Bdovhectipledad G afottglke tshaerl @6-axiali wikh t he
central bore. vari abl e rel uct ance

motor, cBhﬁrPgiﬂégpalAAXiglg%lg5g2%§$5Prhaving a pair of projecting
PO 3, SELL D 30,y 8 Bimet e stmgoo Sy ennd o snecorun DM o
an energi zi ng c9 Isgﬁgﬂﬁ 8?25ﬁ2%8%gi89 thﬁg gf%?ﬂﬁiﬂ@k angegffgrﬁiz;agor.
phase wi ndi ng wherei a skeoplasmexigidiimg coil wound around the other of
10 the pair of stator poles forming a second winding;
a first permanent magnet positioned outside the one
of the pair of stator poles and embedded within the first
one of said windings so as to locate the rotor in a
preferred position when said first and second coils are
15 - not energised;
a second permanent magnet positioned within the
second one of said windings formed by the second
 energizing coil, said first and second permanent magnets
being diametrically opposed to one another; and
20 a first slot wedge disposed in the central bore
adjacent to the first permanent magnet that separates the
first energizing coil from the central bore, and a second
slot wedge disposed in the central bore adjacent to the
second permanent magnet that separates the second

25 energizing coil from the central bore.

12. The single-phase variable reluctance motor as
defined in claim 11, wherein each of the first and second
slot wedges has a cut-out portion that is aligned with
30 its corresponding adjacent permanent wmagnet thereby
exposing the permanent magnets to the central bore.
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(s defined by an inner wnding and an outer mﬁnd|1ﬂ7 a
per manent magnet positioned wi thin said phase /” !H ﬂﬂ'ﬁ o locate
the rotor in a preferred position when said énefgie ﬂw i s not

energi sed, wherein the 5 per manent nﬁ%net I s positioned out’si de of the
stat or _ pol es between the inner w nding and the outer w nding.
16. The S|ngle phase variable reluctance notor as defined in claim

15, further n?5|5|@%éafé{§§}$;§ﬂagg va?@gﬂgﬁd'§99ﬁséa eethﬁogggtrgs

bore adj acent 0 th erein sald slot wedge
separates the definecedgi glagmcdil Wh@#ﬁﬂﬁetbéh9$h¥ Yoratator P°1e$rﬁaSThe

singl e-phase vapjpl I LRE IHY Phed ikt anfifidetemhd ta
wherein said sl ot QJ}% thas a cut l[Ht} olut poart I on that %llsg aH@db%S v%nnt h
t he per manent nﬁ@ﬁeporrect positions with respect to the centralr%ore

5
14. A single-phase variable reluctance motor,
comprising: _
a stator having a pair of projecting poles defining
a principal stator axis;

10 a rotor coupled to a rotatable shaft co-axial with
the principal axis of the stator, the rotor defining a
plurality of rotor poles;

a first energizing coil wound around one of the pair
of stator poles forming a first winding;

15 a second energizing coil wound around the other of
the pair of stator poles forming a second winding; and

a first permanent magnet positioned outside the one
of the pair of stator poles and embedded within the first
one of said windings so as to locate the rotor in a

20 . preferred position when said first and second coils are

not energised;

wherein the stator poles are inwardly projecting and
terminate at a central bore, wherein the rotor poles are
outwardly projecting, and wherein the rotor is positioned

25 within the central bore.

15. A single-phase variable reluctance motor,
comprising:

a stator having a pair of projecting poles defining

30 a principal stator axis;

a rotor coupled to a rotatable shaft co-axial with
the principal axis of the stator.

an energizing coil wound around one of the stator
poles forming a phase winding wherein the phase winding
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thereby exposing the pernanent magnet to the central - bore:
18. The single-phase variable reluctance flned I n

claim 16, wherein the pair of stator polgs has '. ill lﬂ“\ securing
Lhe sl ot wedge in the correct p03|t|on Wi centra
ore. 25

is defined by an inner winding and an outer winding; and

a permanent magnet positioned within said phase

winding so as to locate the rotor in a preferred position

when said energization coil is not energised, wherein the

5 permanent magnet is positioned outside of the stator
poles between the inner winding.and the outer winding.

16. The single-phase variable reluctance motor as
defined in claim 15, further comprising a first slot

10 wedge disposed in the central bore adjacent to the
permanent magnet, wherein said slot wedge separates the
energizing coil from the central bore.

17. The single-phase variable reluctance motor as
15 defined in claim 16, wherein said slot wedge has a cut-
out portion that is aligned with the permanent magnet
‘thereby exposing the permanent magnet to the central

bore.

20 18. The single-phase variable reluctance motor as
defined in claim 16, wherein the pair of stator poles has
notches for securing the slot wedge in the correct
position with respect to the central bore.

25
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