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1 ' APﬁAhATUS AND VMETHOD FOR STARTI NG A SI NGLE- PHASE VARI ABLE

.RELUCTANCE MOTOR : The present invention relatesﬁgenerally to
variable 5 rel uctance notors, and nore particularly, is directed to

a S|ngle phase vari abl e rel uctance motor which enpl oys a mechani cal
starting mechanismto initiate positioning on rotation of the rotor
so that it devel ops sufficient torque-in the desired direction when
the stator coils are 10 activated thereby enabling reliable starting
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rotation of the rotor so that it develops sufficient
torque in the desired direction when the stator coils are

10 activated thereby enabling reliable starting of the
motor.

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

15 controller. The single-phase variable reluctance drive
| is therefore an attractive choice for use in certain
cost-sensitive applications such as fans and pumps.

These brushless motors employ one or more exciting
windings and a magnetic circuit to produce:Fechanical

20 torque which is substantially proportional to the square
of the winding ampere-turns and to the angular rate of
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

25 . more windings and a rotor mounted coaxially relative to
the stator on bearings. Displacement of -the rotor
relative to the stator produces a variation of the
reluctance of the magnetic circuit.

The torque produced by a variable reluctance motor

30 is proportional to the product of the square of the
winding ampere-turns and the angular rate of change of
inductance as a function of <rotor displacement.
Accordingly, motor torque that is positive with respect
to some arbitrary reference can only be deveioped when



function of the displacenent of the rotor in the notor. Typi cal |y,

t-hese motors enpl oy a stator containing one or 25 nore w ndi ngs and a
rotor nmounted coaxially relative to the stator on bearings.

Di spl acement of the rotor relative to the stator produces a
variation of the reél uctance of the magnetic circuit. The
torque produced by a variable reluctance notor 30 "is proportional to
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inductance and to decrease or eliminate such ampere-turns
10 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 winding is supplied during intervals in which the

15 inductance increases with displacement and so that the
¢current is decreased or, preferably, eliminated during
the intervals in which the inductance is decreasing with
rotor displacement. When a time-invariant source of
electrical energy, such as a direct current:?ource, is

20 used, a controller is required to produce synchronized
pulsations of voltage or currents. The instants at which
the pulses are applied to and removed from the winding(s)
are determined by a rotor position transducer (RPT) which
sends data describing the rotor position to the

25 controller.

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

Figure 1 shows a typical plot of starting torqgue
against angular rotor displacement for a known single-

30 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 current supplied to its exciting coil(s) when



10 _ during intervals of decreasing inductance. From t he
-foregbing, it is apparent that the application of the supply voltage
to the wi nding nust be synchroni zed with the mechanical rotation of
the rotor so that winding is supplied during intervals in which the
15 i nduct ance increases with di splacenmerg and so that the

current is decreased or, preferably, elimnated during the intervals
in which the inductance is decreasing with rotor di spl acenent.
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is generally not a problem for low-torque applications
such as fans, but is a problem for high-torque
applications such as conveyors on assembly lines. A more
significant drawback with single-~phase variable
15 reluctance motors that is clear from Figure 1 is that the
rotor may assume a position at rest at which little or no
torque is developed in the desired direction and hence
from which it is impossible to start the motor. This
corresponds to any position in the regions Qefined by

20 points 1-2 and points 4-6.
A solution to this problem has been to use small
permanent 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,
25 e.g. in European Patents Nos. 163328 and 601818. These
patents disclose the use of one or more small  permanent
magnets suitably positioned in the stator structure at an
appropriate angle for "parking" the rotor in a position
where sufficient torque is developed to restart the
30 motor. As described above, there is a critical region in
which the rotor 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 bearings or the rotor



3 the rotor position is between points 2 and 4 and it

prefefably woul d not have current suppl i ed when the rotor position is
bet ween points 5 and 6. In the regions bet ween points 1 and 2 and
points 4 and 5, current 5 flowng wll produce virtually no

t or que. It is therefore clear thatg4the average torque in the
desired direction over a conplete cycle is nuch | ess than the

peak torque T[err]. As Figure 1 indicates, the average starting
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The present invention is defined in the accompanying
claims. Preferred features of the invention are recited
in the independent claims.

15 The present invention is directed to an apparatus
and method for starting a single-phase variable
reluctance motor. The motor is defined by a stator
having a plurality of projecting poles defining a
principal axis and a rotor mounted on a rota{:‘able shaft

20 co-axial with the principal axis of the stator. 1In one
embodiment, the stator poles are inwardly projecting and
terminate at a central bore. In that emediment the
rotor is rotatably disposed within the central bore. The
stator poles are generally arranged symmetrically around

25 the stator. The rotor is mounted to a shaft and has a
plurality of poles, again generally symmetrically
disposed. The stator and rotor are typically formed from
laminations of ferromagnetic material. Energizing coils
are wound around one or more of the stator poles.

30 In one aspect of the invention, the motor is started
by setting the rotor into rotation in the desired
direction before power is supplied to the energizing
coils. This method eliminates the situation where the
rotor is at rest in a non-preferred position when the



appropriate angle for "parking" the rotor in a position wher e

suffiCient torque is developed to restart the 30 notor. As described
above, there is a critical region in whi ch the.rotor nust not stop
if the notor is to start agai n. The torque devel oped by the magnetic
field of the magnet in this critical gegion nust be sufficient to
overcone the friction due to the bearings or the rotor
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pushing member mounted to one end of the shaft and a pin
mounted to the other end of the shaft. The shaft of the
10 ON button has a plurality of teeth and a curvilinear cut-
out section disposed below the teeth along its mid-
section. The curvilinear cut-out section fits partially
around, and is aligned adjacent to, the rotor shaft. A
plurality of teeth are disposed on the rotor shaft which
15 engage with the teeth on the shaft of the ON button when
the ON button is depressed.

In another aspect of the invention, the motor is
started by positioning the rotor in a position where
torgque of the desired direction will be deve}oped when

20 power is supplied to the energizing coils. This method
alsoc insures reliable restart. The invention provides a
rotor positioning mechanism engageable with the rotor
shaft for aligning the rotor in the preferred position.
In one embodiment, the rotor positioning mechanism

25 includes an ON button defined by a shaft, a pushing
member mounted to one end of the shaft, and a pin mounted
to the other end of the shaft. The shaft of the ON
button has a curvilinear cut-out section along its mid-
section which fits partially around, and is aligned

30 adjacent to, the rotor shaft. The rotor shaft has a flat

" portion formed on its cylindrical surface. The
curvilinear cut-out section of the shaft engages the
rotor shaft when the ON button is depressed thereby
rotating the rotor shaft until the £lat portion is



in the independent clainms. 15 The present invention is directed to

an appar at us and nethod for starting a single-phase variable
rel uct ance notor. The notor is defined by a stator having a
plurality of projecting poles deflnlng a principal axis and a rotor
mount €d on a rotatable shaft 20 co-axial gwith the principal axis of the
stator. |In one enbodi nent, the stator poles are inwardly projecting
and termnate at a central bore. I n that enbodi nent the

rotor is rotatabhiignedosdthnia hstrabghtepbraiobooé. tTee ON buttmi aslhaft.
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when t he The disengagement mechanism includés a ramp, a stopping
member mounted to the ramp, a curve-shaped guide member

10 adjacent to the stopping member and a pair of 1leaf
springs mounted on opposite sides of the stopping member.
A micro-switch having a switch activating member is also
provided which connects the energizing coils to a power
supply.

15 The foregoing and other features of the present
invention will be best appreciated with reference to the
detailed description of exemplary embodiments of the
invention, which follows when read 1n conjunctlon with
the accompanying drawings, wherein:

20 Figure 1 shows an exemplary plot of startlng torque
against angular displacement for a single-phase switched
reluctance motor;

Figure 2 is a diagram of a prior art single-phase
variable reluctance motor;

25 Figures 3A-D are diagrams of the motor shown in
Figure 2 showing various positions of the rotor relative
to the stator poles;

Figure 4 is a diagram of one embodiment of a motor
starting device for a single-phase variable reluctance

30 motor according to the present invention shown in the
"OFF" position;

Figure 5 is a diagram of the motor starting device
shown in Figure 4 in the "ON" position;
Figure 6 is a diagram of another embodiment of a



coils are energized (i.e. either where no torque is devel oped or
-wheré torque of the wong sense is devel oped), thus insuring reliable
restart of the notor. _ The invention provides a notor starting

mechani sm 5 engageable with the rotor shaft for setting the rotor

I nto notion. I n one enbodi nent, the notorystarting " mechani sm

I ncl udes an ON button defined by a shaft, a pushi ng nmenber nounted to
one end of the shaft and a pin nounted to the other end of the shaft.
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surface.

Moreover, the present invention is also applicable to

15 inverted motors where the stator has radially outwardly
projecting poles and is positioned within a bore of an
outer rotating rotor. The present invention is also
applicable to linear reluctance machines in which the
moving member is referred to in the art as a fptor. The

20 term ’'rotor’ used herein is intended to embrace such
moving members of linear motors.

Referring to Figure 2, 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

25 axis extending outward from Figure 2. In Figure 2, the
stator poles are inwardly extending and terminate at a
central bore 20. The poles 16 and 18 are disposed 180
degrees with respect to each other. The stator 12 and
rotor 14 are formed from laminations of a ferromagnetic

30 material. Energizing coils 24 and 26 are wound around
each pole 16 and 18, respectively. In one embodiment,
the energizing coils 24 and 26 comprise 220 turns around
each pole 16 and 18, although a different number of turns
may be used. The coils 24 and 26, when energized, cause



curvilinear cut-out section of the shaft engages the rotor shaft when

the ON button is depressed thereby rotating the rotor shaft until the
flat portionis 6 al i gned
with a straight portion of the ON button shaft. This configuration

pl aces the rotor in the required posi tg on. . The pr esent

I nvention further provi des ab di sengagenent nechani sm di sposed
bel ow t he ON button, for disengaging the shaft of the ON button from
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i nvention, which fol I'B08nvHRR eRREDiHiRYFhks 2% and B6 are energized by

a control system (not shown), typically by applying a
voltage to them from a power source (not shown), the
10 poles 16 and 18 become "magnetized" and thus form
electro-magnetic poles. These magnetic poles attract the
ferromagnetic poles 30 and 32 on the rotor 14 thereby
imparting a torque on the rotor.
Assuming a clockwise rotation, when the rotor 14 is
15 in position A (shown in Figure 3A), the stator poles 16
and 18 are energized and the torque imparted on the rotor
14 is substantial. The stator poles 16 and 18 remain
energized until the rotor 14 approaches the fully aligned
position, shown in Figure 3B. In the ful%y aligned
20 position the torque imparted on the rotor 14 is zero.
During operation, at or around the instant that the rotor
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-
25 energized at or near this point, a negative torque would
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
30 electro-magnetic force generated by the "energized"
stator poles 16 and 18 alone. It remains stuck in this
position.
In position C (shown in Figure 3C), the stator poles
16 and 18 remain de-energized thereby allowing the rotor
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through position D, the stator poles 16 and 18 are once
again energized thereby imparting a torque to the rotor
which increases to a high value once the rotor 14 again
reaches position A. The rotor 14 rotates through 180
degrees as it rotates from position A, through positions

B, C, and D and back to position A, as shown in Figures
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 it stops in one of the
positions at which it cannot develop adequate starting
torque in the desired direction. In most motor systems,
the activation of the motor system involves mechanical
movement or travel of a switching device. 1In the present
invention, part of this mechanical travel ié used to
either spin the rotor in a desired direction or position
the rotor in a desired position from which it will start.
In one embodiment, this invention overcomes this problem
by providing a device which "bump" starts the rotor 14
before the coils are activated. With thisgs device,
although the rotor 14 may be in one of the fully aligned
or unaligned positions at the instant that power is
applied to the system, it will be dynamic at that point
so that a fraction of a second later the rotor will be in
a position in which torque can be developed in the
desired direction. This configuration therefore insures
reliable restarting of the motor 10. Moreover, in one
embodiment of the present invehtion, the device which
"bump" starts the motor is an ON mechanism used to start



5 shown in Figure 6 in the "ON" position. Turning now to the

-drawitgs and referring initially to Figure 2, a single-phase

vari abl e reluctance notor is shown general ly by reference nuneral
10. For the sake of illustration, the sinplest formof notor
having two 10 ~ stator poles and two rotakOpoles (i.e. a 2/2 notor) is
shown here. Those skilled in the art will recognize that 4/ 4, 6/6
etc., conbinations are equal ly possible and that t he present
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may be used. ThedischshagednpughingireemberriR zaxe preferably formed of a
metal or thermoplastic material.

15 Embodiments are envisioned where ON button 42 is
used both to start the motor (when placed in one
position) and stop the motor (when placed in a second
position). Alternate embodiments are envisioned where ON
button 42 is used to start the motor and where Ithe motor

20 is switched OFF by a separate OFF switch or a supplied
OFF signal. 1In such embodiments, the ON button 42 may
comprise a micro-switch that produces a pulse when ON
button 42 is depressed. The pulse from the micro-switch
would latch the associated control system ON and the ON

25 button 42 would return to its quiescent position. 1In the
embodiment illustrated in Figure 4, ON button 42 serves
both to turn the motor ON and OFF.

The curvilinear cut-out section 48 of the shaft 44
fits partially around, and is aligned adjacent to, the

30 rotor shaft 28. The motor starting device 40 assumes
this position when the motor 10 is in the "OFF" position,
i.e., when the rotor 14 is at rest. The device 40 is
activated by pushing down on the disc-shaped pushing
member 52 of the ON button 42. A spring member 54



a tenporary nmagnetization of the stator poles 16, 18. The rotor

-14 has a plurality of projecting poles 30 and 32. The rotor is
nmounted to a rotatable shaft 28 co-axial with the principal axis of
the stator 12. In 5 Figure 2, the rotor poles are outwardly extending
and t he rotor 14 is rotatably disposed in the central bore 20.

When the energizing coils 24 and 26 are energi zed by a control
system (not shown), typically by applying a voltage to them froma

power source (noattRowsd tochdhe) ON byliams 42 6at avlle dB8sbesbaped pushing
“magneti zed" an 2f grgm ‘ legpt t e e nekd ¢
pol es attract th{gembgl"}ss fg'rrgn%’gr%&eidg tﬁ)lig{%%n%g%g%nf?ﬁggrggogﬁ 4%tNI
t her eby i RBREPANG 2 t RHERIRALiTRLY ot Bhe spring membexsséi myyabe

cl ockwi se rotati gatawhed tbethet ahaké¢ 43 .15 -in position A (shown in
Figure 3A), the stator po 8 are energized and the torque
al

Igg 1% and 1
inparted on the rotorAS the 19N sbutkep,ndR, is PpHeheds: gpvwpyras 18P

18 remain aenévgtiesn ,ukhel tebehr asobnldhapphasiehed thgake kreth gwed
position, shown..n Fi i

torque inparted 8ﬁSpﬁg%5£§3§BEHei§Q§%$§_; ékg akbgpﬁﬂ %gh%@%ﬁ$%ﬁ?£g%a8% ¥
around the inst ambvementt lof rdieorshaft 44 litngeadsesa tthoogegd tvhas thesitieletin,
thelstator Pol €546 ARfl 56 to the rotor shaft 28 thereby causing it to
10 rotate. Once the ON button 42 has been pushed through a
predetermined distance, which can be determined by those

of ordinary skill in the art, it activates a micro-switch

58. Once activated, the micro-switch 58 activates a

control system (not shown) which controls the supply of

15 current from a power source (also not shown) to the
energizing coils 24 and 26. The micro-switch 58 employs

a switch activating member 60. When the switch

activating member 60 is in the horizontal position, as

shown in Figure 4, the circuit connecting'dthe power

20 source to the energizing coils 24 and 26 is open. When

the switch activating member 60 is pushed down by the

contact of the disc-shaped pushing member 52 of the ON

button 42, as shown in Figure 5, the circuit connecting

the power source to the energizing coils 24 and 26 1is

25 closed.

A disengagement device 62 is provided for

disengaging the shaft 44 from the rotor shaft 28 and

maintaining the ON button 42 in the "ON" position, i.e.

when the motor 10 is running. The disengagement device

30 62 comprises a ramp 64 having a downward slope. The pin

50 follows the downward slope of the ramp 64 as the ON

button 42 is pushed downward. Preferably, the disc-

shaped pushing member 52 contacts the switch activating

member 60 at, or immediately after, the instant that the



18 are de-energized, thus causing the rotor 14 to freely rot ate.

1f thé stator poles 16 and 18 were not de- 25 energi zed at or near this
poi nt, a negative torque would be applied to the rotor 14 thus
attenpting to reverse its direction of rotation. As expl ained above,
i f. the rotor 14 conmes to rest in theigully aligned position when the
motor 10 is turned "OFF", it cannot be restarted by the 30

el ectromagnetic force generated by the "energized" stator poles

16 and 18 al one.pin $@neomes simeh ¢ontact with theosampofi4. Any earlieim
posi tion C (showfid {43 S0 €oBChhel B8 cHALRLRY &8 might dGudDdch8 RETRHD

de-energi zed thereby allow ng the_ rotor .
9 14 to 4% 19 Foit@ grind asithe retoresbafitoRs: begins: ko rotate

cl ockwi se di rectygdn Uil vt iogacheasposhd | panD K@hevn1bis the BoWi@rdD) .
known as the mini n1in€u tance og'tlon. The, tarq devel gped by the
rotor 14 i*h thi ssg%%‘?t? nt5e %amlg ée?‘B.P“H'sthSrﬁ{}ﬂgttﬁg ANa¥aft oMt et he

rotor 14 passes rotor shafiigds posfhe @irD,5a e ldiowsotheolsd®pkt ofnthed ramp

I A R

position A Thetoptor dltesmatdsely olntredsdlly formed with, the ramp.

Once the pin 50 reaches the stopping member 66, the

10 recoil action of the spring member 54 forces the ON

button 42 upward past a leaf spring 68, mounted at omne

end to the stopping member, along a curve-shaped guide

member 70 adjacent the stopping member until the pin 50

latches into a flat portion 72 formed in the guide member

15 70 thereby locking the ON button 42 in the "ON" position,

as shown in Figure 5.

In the "ON" position, the switch member 60 is held

in the closed position by the disc-shaped pushing mewmber

52. In this position, the power source, coﬁ%rolled by

20 the control circuit, remains connected to the energizing

coils 24 and 26 thereby energizing them and causing the

rotor 14 to continuously rotate. The guide member 70

keeps the shaft 44 pulled away from the rotor shaft 28

thereby preventing it from interfering with its rotation.

25 The motor 10 is turned OFF by pushing down on the ON

button 42. As the ON button 42 is pushed downward, the

pin 50 on the shaft 44 follows a clockwise path along the

curvature of the guide member 70 past a second leaf

spring 74 mounted to the stopping member. The first leaf

30 spring 68 prevents the pin 50 from following a counter-

clockwise path along the curvature of the guide member

70. The pin 50 follows the curvature of the guide member

70 until it comes in contact with the ramp 64. Once it

contacts the ramp 64, the pin 50 follows the slope of the



10 degrees as it rotates fromposition A, through positions B, C

-and D"and back to position A, as shown in Figures 3A-D.

The object of this invention is to overcone..the problemin the prior
art devices of being unable to 15 restart the notor 10 when it stops
in one of the positions at which it tannot devel op adequate starting
torque in the desired direction. In nost notor systens, t he
activation of the notor systeminvol ves nechani cal novenent or trave

of a switching deamraintid tite hasesdearzgl the ignige memben70 of teli which
mechani cal travelpd seigfd ta%tlon ofSitH lspHiny Wt ¥4 ast JeY 8 on

direction or position he rotor in a desired, positjon fromvx/mch I t

will start. buq‘%Prbnézen%%dl%t Sttaﬁ‘ts”ﬁgnvEﬁFFBﬁOB\verho‘?res thes pPEB"em
by lor ovi di ngta Cttﬁ)%ﬂﬁldﬂ“mt@rﬁﬂg HilAltes 4)he E@IQhelﬁ?O%ﬁ‘t"hpob&{th’o@l the
coils are_activate s .devj ce,. . ero

be in one>f thd*¥HTT f‘é’r‘}%ﬁegb 18 de%qtju‘fﬁfr?%n'g‘hlﬁgm OrE R S gﬂ‘é Pﬁ;nt
that power i s the mappt i16d t Altkeenays! embodimarnts laeredenaniisd oated Iwabre
poi nt 0 gihat @eéﬁafé é}{‘%ogs aoaeeﬂgdsi,gkgﬁ 5Beahat Qg ‘é’klel 5Q§1a’%e%0

a position in mhlc orque can be devel oped
direction. Th| s Wit i gheavesnoihdrmrorérmsmpes materlalr.elvaibherpégﬂl&mdqg

of the notor ]l}@é{§0\\llﬁf,tﬁél P{e . enbodi ment of the present
i nventi on, the evl ce I ch "bunp" starts the notor is an O\
nmechani sd%sed to st AR alternate embodiment of a motor starting device

according to the present invention is shown generally in
Figure 6 by reference numeral 80. The starting device 80

in this embodiment comprises an ON button 82. The ON
button 82 is defined by a shaft 84. The shaft 84 has a
15 curvilinear cut-out section 86 disposed in its mid-

section. The ON button 82 is further defined by a disc-

shaped pushing member 88 which is mounted to the proximal

end of the shaft 84. Both the shaft 84 and the circular-

shaped pushing member 88 are preferably formed:Pf a metal
20 or thermoplastic material.

The curvilinear cut-out section 86 of the shaft 84
fits partially around, and is aligned adjacent to, the
rotor shaft 28'. The motor starting device 80 assumes
this position when the motor 10 is in the "OFF" position,

25 i.e., when the rotor 14 is at rest. The device 80 is
activated by pushing down on the disc-shaped pushing
member 88 of the ON button 82. As the ON button 82 is
pushed downward the curvilinear cut-out section 86 of the
shaft 84 engages the rotor shaft 28' thereby rotating it.

30 The rotor shaft 28’ has a flat section 90 along its
cylindrical surface. The rotor shaft 28' is rotated by
the shaft 84 until the flat section 90 is aligned with
the straight portion of the shaft 84. This position is
preselected to be a position at which the rotor will



10 t he energisation of the notor. Referring now to

.Fi gure 4, one enbodi nent of the notor starting device is shown
generally by reference nunmeral 40. The notor starting device 40
conprises a 5 starting menber which, in Figure 4, conprises an ON
button 42. The ON button 42 is defined by aighaft 44 whi ch has a
plurality of teeth 46 along its m d-section and a curvilinear cut-out
section 48 di sposed bel ow t he teeth 46. The shaft 44 has a pin 50
nmounted to its l@evelogi dtigh ermrquelhin Ghheéudeshrdd dirkottiloer. de!fiszadxfcg/ a

di sc- shaped push' - [ t
of the shaft 44. E @Eg s%%éM%égb %?fﬁg@ EQ hBuéggg gﬁa pu?Lln
menber 52 are pr@fetbﬁl?hﬁéﬁnéd &P éaCllltaQQﬂﬁﬂgaﬂGNQRQrﬂﬁﬂ%ﬁﬁ|$ha t 84

material. 15 with tggbg@ﬂa¥ﬂ§hg¥gag§W|S|oned where ON button 42 is
used both to start the notor (when pl aced_ in posi tion)_ and stop

t he motor Fwhen placeathWQQRﬁxﬁﬂFrtlng d?%%??lﬁﬂ)lsAﬁﬂéﬁﬁgﬁ@ oo et s

are envi sioned wheterONtarting lAdviee 43 .1 s Radsbrdt ctrsatrargetithmgrtﬁm whttbr
where the notor '

. _.is sw,tched OEE by a te,.QEFE . switch _or a
suppl i ed _ @F_’s’?’b‘haf". \@11051 stRh't E‘r‘f‘oﬁ‘ﬁ’gﬁ? t R TGE AR ontglf MgFor
gonprlse a n1crosswmtdhgfﬁﬁvimad&Oeakigndsmhaheotam 14 at butgrefei@red

epressed. The puls o] ch,

associ at ed contrgk %§ H§§i§%§§¢m§3§f§£t Wheﬁ t g E%ﬁﬂ(ﬁ#%ﬁtﬁﬁland
its qui esteént po@htiace adtivatked, the @Qﬁ@ﬁlhﬂnﬁanlb@sﬁ&ﬁﬁ&ﬁdr1Fi%uﬁh&ﬂ
ON button 42 seryugfge, thelﬂHﬂbf‘éﬂéﬂHlﬂé“ﬁéVﬁé& é@qfﬂﬂhé}%is as a rotor

The curvilinear cut-out section 48 of the shaft
positioning device.

The motor starting device 80 is otherwise similar to
the motor starting device 40. The disengagement
15 mechanism 62 and micro-switch 58 can be identical. 1In
the later embodiment, the micro-switch 58 is not
activated by the ON button 82 until after the rotor 14 is
in the desired position, i.e., where the flat section 90
in the rotor shaft 28' is aligned with th? straight
20 portion of the shaft 84. This preferably occurs when the
pin 50 first contacts the ramp 64. Figure 7 shows the

motor starting device in the "ON" position.
While the present invention is susceptible to
various wmodifications and alternative forms, specific
25 embodiments have been shown by way of example in the
drawings and description herein. 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 all modifications,
30 equivalents and alternatives falling within the spirit
and scope of the invention as defined by the appended

claims.



fits partially around, and is al{gned adj acent to, the 30 rotor shaft

.28. “The notor starting device 40 assunes this position when the
notor 10 is in the "OFF" position, i.e., when the—+otor.14 is af
rest. The device 40 is activated by pushi ng doywiHitn SHEET HiAScB
pushi ng menber 52 of the ON button 445 A sprihfg rrenmmgg
attached to the ON button 42 at the disc-shaped pushin menber—52-4 s
provided to apply a recoil force to the ON button 42. AIternatlver,
the spring rrenbeﬁhm_ﬁay be attached to the shaft 44. 5

the ON button i d n iV, eth
4 en a eﬁk‘%f'éhp}ggglé’n“@é dam r 1ucta§ete oL Sh as})gﬁ: ?

46 on the shaft |spose on the rotor
The |i near domnmﬁpﬂprlslngﬁovenent of the shaft 44 inparts a torque via the

teeth 46 and 563t athRkex’ Qiaaflr@%tplaﬁrélflﬁlfyetbf Csfwdd}g pdids; 10
rotate. Once the ON button, 42 has, been g‘am%% hr oug
d

predet er ni ned di st ancé@, GPHE h waRd) e 3ger S?Sf:ho%‘ée of the StALRKy

skill in the artpollesgctivates a mcro-swtch Once actlvated

the mcro-switch 58 actlv ates nt.r st ”k;”Ot ng ch

controls the supply of tot (l} rrlenrﬁ %?polﬁra&b R/% éo 3 éshown)

to the a motor starting mechanism engageable w1th the rotor
for moving the rotor into a desired position relative to
stator before power is supplied to the coil.

2. A system as claimed in claim 1 in which the motor
starting mechanism comprises a switch actuator and in
which movement of the actuator sets the rotor in motion.

3. A system as claimed in claim 2 in which the actuator
includes a shaft having a portion engageable with a part
of the rotor to set it in motion.

4. A system as claimed in claim 3 in which tﬁe shaft of
the actuator has a rack of teeth engageable with teeth
formed on the part of the rotor, the shaft being movable
between an actuating position in which the teeth on the
shaft and the teeth on the rotor are engaged and a
deactuating position in which the rotor is disengaged
from the teeth.

5. A system as claimed in claim 4, further comprising
a disengagement mechanism for disengaging the shaft of
the actuator from the part of the rotor in the
deactuating position.

6. A system as claimed in any preceding claim,
including a power switch actuatable by the starting

| lllllll ) lllll | lIII



energizing coils 24 and 26. The mi cro-swi tch 58 enpl oys a swtch
.activating nenber 60. Wen the swtch activating nmenber 60 is
in the horizontal position, as shown in Figure 4, the circuit
connecting the power 20 source to the energizing coils 24 and 26 is
open.™ Wen the switch activating neméer 60 is pushed down by the
contact of the disc-shaped pushing nenber 52 of the ON button 42, as
shown in Figure 5, the circuit connecting the power source to the
ener gi zi ng coi | sMeghapdsmes ins the deack g position toasuppdynpayere o
device 62 is pheviedgd., for di sengagi ng the shaft 44 fromthe
rotor shaft 28 and mai ntai ning the ON button 42 in the "ON'
position, i.e. when the notor 10 is running. The di sengagenent

devi ce 30 627conpa sgsten asp cl4imed dg alddwnvait shopd. théheoptAon

50 follows the dg rd sl,o of  the.ranp 64.,as.the O\ . buttan 42 is
pushed downwar d. 3t" f er® ; CPRRTAPSE- a. high sﬁﬁﬁgﬁlﬁﬁsﬁ'i‘arf—ge?eaﬁpbeéo%’z
contacts the sw eogagdnigvahiengart of tihenbmtd30 at, or immediately after,

the instant that the 12

pin 50 cones into contact wth the ranp 64. Any earlier activation of
the mcro-swtch858 nPgRystefis@st sdadaech in claim 7 in which the part of

the rotor comprises a roughened area for promoting
frictional engagement with the friction material of the
shaft.

9. A system as claimed in claim 1 in which the motor
starting mechanism is engageable with the rotor to place
the rotor in a predetermined position of non-zero torque
before power is supplied to the coil.

10. A system as claimed in claim 9 in which the rotor
position mechanism comprises an actuator defined by a
shaft engageable with the rotor to rotate it.

11. A system as claimed in claim 10 in which the rotor
has a rotor shaft formed with a flat section on its
surface which is engageable by the actuator shaft to
prevent the rotor being rotated.

12. A system as claimed in claim 11, further comprising
a disengagement mechanism for disengaging the shaft of
the actuator from the rotor and maintaining the actuator
in a disengaged position.

13. A method of starting a single-phase reluctance motor
comprising a stator, a stator winding and a rotor, the
method comprising:

TRl



46 and 56 to grind as the rotor shaft 28 begins to rotate upon
.activation. As the pin 50 follows the downward 5 sl ope of the ranp 64
it pulls the shaft 44 away fromthe rotor shaft 28. The pin 50
follows the slope of the ranp 62 until it reaches a stopping nmenber
66 which is mounted - to, or alternativaly integrally formed with, the
ranp. Once the pin 50 reaches the stopping nenber 66, the 10

recoil action of the spring, menber 54 forces the ON . button 42 upward
past a |eaf spring 68engga@imed tde gimtor and gwpving tHe teowapdagandesared
along a cur ve-shgeg@taka'gd?;ositi_oma@l%i%@ 2d ERNsthivrSt @Rl Ng nember
until the pin 50 "fat ches into a flat, portion Z%ﬁforned in the guide

menber 15 70 t her eSREFILSIRG  He dﬂlﬁgﬂl"‘@n when (thge TQ/RET pdSi t1pnthe

as shown in Fi gudes®red starting posithen.ON' position, the sw tch nmenber
60 is held in the closed position by the disc-shaped pushi ng nenber
52. In this position, the power source, controlled by 20 the control
circuit, remainsldonnéctmathad tdme ekmimgdiing claim 13 oinswhichnihes rotereby

energi zi ng them apd j J8t Yetelditlag continuously rotate.

The qgui de nenberagoe%%%ﬂéylge%g?t éna%a t f4 pull ed away fromthe rotor
shaft 28 thereby preventing it frominterfering with its rotation.
25 The matsor B0 ety Nl Shfidwa pushengidomd oA “hecBNthe rotor

button 42. As the ON button 42 is pushed downward,. the in 50 on the
shaft 44 fol | ows b@sclodeki% shatt & thfe engagedc%’ryv&m é‘iff%attt?é”gui de

menber 70 past a second | eaf spring 74 nounted to the stopping

menber. The first | eaf 30 spring, 68 prevents.th i,n f.r.o o] hNg
a counter- tlsc‘I o&(v\ﬁ“@éhﬁgt 5l ‘gﬁ@l?ﬁ% ciy v%}%}'g (@1é4 t?sfg 6‘& cr}}élrlrre ?L\egrh

70. The pin 50 feubstantialdy ldnese wnbvemenguofcthemnfiuator rotaramtthe it
cones in contact w.th the ranp 64. Once it contacts the ranp 64, the

pin 50 follows the slope of the

17. A method as claimed in any of claims 13 to 16 in
which the rotor is in motion when power is supplied to

the coil.

* '!. 4
18. A method as claimed in any of claims 13 to 16 in
which the rotor is placed in a predetermined position of
non-zero torque before power is supplied to the coil.

A



13 ranp until it has cleared the guide nenber 70 after which

the recoil aet+en—of-—the—spring menber 54 restores the ON button 42
to the starti s%Qe%HLS'IﬁEhR }a@edy the " OFF" position (shown in_ Figur
4). Ip the "C ],xls m cro-sw tch 58 i s; dgacinedt BAS BIERH
in turn shuts O} 1 n“‘ nDtor 10. Altensate enbodlnentsﬂ%pgﬁﬁgyisiored
wher e t hESIFe 56 on the shafts 28 and 44-are—eplaced

with sleeves of high friction material, w th roughened areas, or the
like. 10 An al ternate enbodi nent of a notor starting device
according to the present invention is shggeggge%rally I n Figure 6 by

ref erence nuneral 80. The startlno devi c& 5
conpri ses an ON BEEABAT JEER [Al 3 LE- DHAS RIAR
84. The shaft 84Rb@sc@Ak@E MoTO®R Vil i near cut - out section 86 dlsposed in
Its md- section. The ON button 82 is further defined by a disc-
shaped pushi ng nenber 88 which is nounted to the proxinal end of the
shaft 84. Both the shaft 8inghd-phaseir awiarched relabtpadepusiotgr merbker

88 are preferabl y;onmed ol @ Bl rdlor 18E1LARE™R A8thESP! HelAkg a

plurality of projecting poles and a coaxial rotor. The

in thIS enbodlnent
i TAIGILY . s

stator and rotor poles may be formed from laminations of
ferromagnetic material. Energizing coils are wound
around one or more of the stator poles. When the coils
are energized, the xrotor develops torque. In one
embodiment, the motor includes a motor starting mechanism
which sets the rotor into motion before the stator coils
are energized so that the rotor is not static when the
coils are energized. 1In another embodiment, the motor
includes a rotor positioning mechanism which positions
the rotor in a preferred starting position before the
stator coils are energized. '

Sheet Has Been Replaced

\\II\I\\ [EE



The curvilinear cut-out §éction 86 of the shaft 84 ; fits partially
-aroun®, and is aligned adjracent to, the rotor shaft 28'. The notor
starting device 80 assunes this position when the notor 10 is in the
"OFF" position, 25 i.e., when the rotor 14 is at rest. The device 80
i's h activated by pushing down on the disc-shaped pushing

menber 88 of the ON button 82. As the (Mbutton 82 is pushed
downward the curvilinear cut-out section 86 of the shaft 84 engages
the rotor shaft 28 thereby rotating it. 30 The rotor shaft 28 has a
flat section 90 along its cylindrical surface. The rotor shaft 28

is rotated by the shaft 84 until the flat section 90 is aligned with
the straight portion of the shaft 84. This position is presel ect ed
to be a position at which the rotor wll

14 devel op high torque in the desired direction. A spring

el enment or the like may be is nounted to the distal end of the shaft
84 to facilitate engagenent of the shaft 84 with the rotor shaft 28'.
5 The notor starting device 80 is different fromthe not or
starting device 40. Rather than setting the rotor 14 into notion in

t he -PéﬁheUE ed direction, the notor
4 ,

/ __, ROTOR
ANGLE

N cenq---
(o)]

FIG. 1
(Prior Art)



starting=deyice 80 aligns the rotor 14 at a preferred S starting
position, so that when the stator coils 24 and 10 26 are-activated, the
notor "10 can be started. 1In this sense, the nptor starting device 80
functiofs as a rotor posi tioni ng devi ce. The not or
starting device 80 is otherwise simlar t the notor starting
device 40. The disengagenent 15 mechani sm 62 and m cro-switch 58 can
be identical. In the | ater enbodi ment, the mcro-switch 58 is not
activated by the ON button 82 until after the rotor 14 is in the
desired position, i.e., where the flat section 90 in the rotor shaft
28" is aligned with the straight 20 portion of the shaft 84. This
preferably occurs when the pin 50 first contacts the ranp 64. Figure
7 shows the notor starting device in the "ON' position

Whil e the present invention is susceptible to vagpous nodi fications
and alternative forns, specific 25 enbodi nents have geen shown by way of
exanple in the drawi ngs and description hereigf. However, it should
be understood that the invention is not intended to be

limted to the particul ar fgarns di scl osed. Rather, the invention is
intended to cover all nodifica , A0 ui val ents and al ternatives
falling within the spirit ope Of i pgi on as defined by

t he appended " clai g
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28—
20—¥ 32
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12
18

FIG. 2
(Prior Art)



CLAIMS: 1. A single-phaset variable reluctance notor system conprising:

‘a stawor «having a plural iy of stator poles; a coil 'wound around at

| east one of the stator poles; --a rotor having a plurality of rotor

pol es; and a notor starting nmechani smengageable with the rotor for
noving the rotor into a desired position relative to stator before power is
supplied to the coil. 2. A systemas’@ained inclaim1 in which the
notor starting nechani smconprises a switch actuator and in which novenent
of the actuator sets the rotor in notion and in which novenent of the
actuat or causes the application of power to the coil , has
started to E. . j
i ncl udes haft having a pOKNtion engageabl e wiz
set it ip :

of the A
part of

th - t\bei Ng novabl e

O,

FIG. 3A FIG. 3B
(Prior Art)

FIG. 3C FIG. 3D
(Prior Art) | (Prior Art)



between an actuating position in which the teeth on the shaft and the teeth
-on the retor are engaged~and a deactuating position in which the rotor is
di sengaged fromthe teeth. 5. A systemas clainmed in claim4, further
conprising a di sengagenent nechani sm fdj/-?-_di sengagi ng the shaft of the
actuator fromthe PgYP the rotor in #4Re deactuating position. 6. A
system ﬁs claimed in din claim including a power switch
act uat aﬂ e by the starti mechani smin the deactuating position
to suppl ower to the ¢ 7. A system (gclainmed in claim3 in which
the portion~of th&4shaft ri Ee@ a high griction material for engaging

the part of the rotor. S 7 58
A
46— L—44
28 48
\Q — 62
56— 70 s
50 72
74
7
4
6 68 66

28




8. A systemas clainedin claim7 in which the part of .the rotor conprises
*a roaghehed area for prompting frictional engagenment with the friction

mat egd-al of the shaft. 9. A systemas clainmed in claim1l in which the
notor, starting mechanismis engageabIeSWPth the rotor to place the rotor in
a predet erm ned positiog of non-zero toBBue before power is supplied to the
coil. 10. 88 system as g iNed in claiph9 in which the rotor position
mechani sm coQri ses an a X | #€d by a shaft engageable with the
rotor to rotateNit. 11 i as clainmed in claim10 in which the

rotor has a rotor SMaLRF;~ ith a fl 6fection on its surface which is
engageabl e by the actua 0 preyent the rotor_bei r ot at ed. 12.
A systemas clainmed in clgi

gad gagenent
mechani sm f or di sengagjng
mai nt ai ni ng the act uat ¢4

r fromthe rotor and
13f A nmet hod of

starting a single-phase rel née not or
90 \96
2OV,
70 7
72
50 74
/
64
68 66




. o o RPossfs- 6 sees
i .conprising a stator, a stator winding and a rotor, the nethod cénpr|5|ng:
MoT17

engagi ng the rotor and noving it towards a desired starting

position relative to the stator; and energi-si ng the wi ndi ng when the

rotor is in the desired starting position. 14. A method as clained in

claim13 in which the rotor is engaged usi ¢ a nmanual actuator. 15. A

method as clainmed in claim14 in which the rotor has a rotor shaft which is

engaged by the actuator. 16. A nmethod as clained in claim14 or 15 in

whi ch substantially |inear novenent of the actuator rotates the rotor.
ABSTRACT

APPARATUS AND METHOD FOR STARTING A SINGLE-PHASE VARIABLE
RELUCTANCE MOTOR

A single-phase switched reluctance motor is
disclosed. The wmotor includes a stator having a
plurality of projecting poles and a coaxial rotor. The
stator and rotor poles may be formed from laminations of
ferromagnetic material. Energizing coils are wound
around one or more of the stator poles. When the coils
are enexrgized, the rotor develops torque. In one
embodiment, the motor includes a motor starting mechanism
which sets the rotor into motion before the stator coils
are energized so that the rotor is not static when the
coils are energized. In another embodiment, the motor
includes a rotor positioning mechanism which positions
the rotor in a preferred starting position before the
stator coils are energized.

Figure 4
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17. A rrethoa as clainmed in any of clainms 13 to 16 in whi( Ly <ot v 1 Sy e
noti on when po | ' o the coil. 18. A netho AL EVEad $ﬁﬁ&]ﬂ
of clainms 13 tl\c/lmullﬂﬂmnﬂ m m rotor is placed in a pregeterm ned posi{lon
of non-zero torgquec befome power is suppli eflsto the coil. 3 0 NOV 1998
CLAIMS:;
1. A single-phase variable reluctance motor system,
comprising:

a stator having a plurality of stator poles;

a coil wound around at least one of the stator
poles; .

a rotor having a plurality 'of rotor poles; and

a motor starting mechanism engageable with the rotor
for moving the rotor into a desired position relative to
stator before power is supplied to the coil.

2. A system as claimed in claim 1 in which the motor
starting mechanism comprises a switch actuator and in
which movement of the actuator sets the rotor in motion

and in which movement of the actuator causes the

application of power to the coil after the rotor has

started to move.

3. A system as claimed in claim 2 in which the actuator
includes a shaft having a portion engageable with a part
of the rotor to set it in motion.

4. A system as claimed in claim 3 in which the shaft of
the actuator has a rack of teeth engageable with teeth
formed on the part of the rotor, the shaft being movable
between an actuating position in which the teeth on the
shaft and the teeth on the rotor are engaged and a
deactuating position in which the rotor is disengaged
from the teeth.

5. A system as claimed in claim 4, further comprising
a disengagement mechanism for disengaging the shaft of
the actuator from the part of the rotor in the
deactuating position.

6. A system as claimed in any preceding claim,
including a power switch actuatable by the starting



