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

The present invention relates generally to variable
reluctance motors, and more particularly, is directed to
a single-phase variable reluctance motor which employs a
mechanical starting mechanism to initiate positioning or
rotation of the rotor so that it develops sufficient
torque in the desired direction when the stator coils are
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
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
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
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
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
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winding ampere-turns are sustained during an interval in
which the inductance increases with rotor displacement.
Conversely, negative motor torque is developed when
winding ampere-turns are sustained during an interval in
which the inductance decreases with rotor displacement.
In order to secure continuous rotation of the variable
reluctance motor, it is necessary to apply ampere-turns
to the motor winding during intervals of increasing
inductance 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 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 decreasing with
rotor displacement. When a time-invariant source of
electrical energy, such as a direct current:?ource, is
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
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-
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
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the rotor position is between points 2 and 4 and it
preferably would not have current supplied when the rotor

position is between points 5 and 6. In the regions
between points 1 and 2 and points 4 and 5, current
flowing will produce virtually no torque. It is

therefore clear that the average torque in the desired
direction over a complete cycle is much less than the
peak torque T.,,. '

As Pigure 1 indicates, the average starting torque
of single-phase variable reluctance motors is low. This
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
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
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,
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
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
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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 is the limited
torque they are able to develop in the motor. Thus,
while they are a useful means of urging a rotor out of a
zero torque position they will not be effective in
situations in which the load is greater than the torque
developed by the magnets.

The present invention is directed to overcoming this
and other disadvantages of the prior art.

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

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 rotaﬁﬁble shaft
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
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.

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
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coils are energized (i.e. either where no torque is
developed or where torque of the wrong sense is
developed)}, thus insuring reliable restart of the motor.
The invention provides a motor starting mechanism
engageable with the rotor shaft for setting the rotor
into motion. In one embodiment, the motor starting
mechanism 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 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
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 devé].oped when
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
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
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



10

15

20

25

30

aligned with a straight portion of the ON button shaft.
This configuration places the rotor in the required
position.

The present invention further provides a
disengagement mechanism, disposed below the ON button,
for disengaging the shaft of the ON button from the rotor
shaft and maintaining the ON button in an "ON" position.
The disengagement mechanism includes a ramp, a stopping
member mounted to the ramp, a curve-shaped guide member
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.

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 in conjunction with
the accompanying drawings, wherein: | %

Figure 1 shows an exemplary plot of starting 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;

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
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
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motor starting device for a single-phase variable
reluctance motor according to the present invention shown
in the "OFF" position; and

Figure 7 is a diagram of the motor starting device
shown in Figure 6 in the "ON" position.

Turning now to the drawings and referring initially
to Figure 2, a single-phase variable reluctance motor is
shown generally by reference numeral 10. For the sake of
illustration, the simplest form of motor having two
stator poles and two rotor poles (i.e. a 2/2 motor) is
shown here. Those skilled in the art will recognize that
4/4, 6/6 etc., combinations are equally possible and that
the present invention applies equally to such motors.
Moreover, the present invention is also applicable to
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
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
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
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
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a temporary magnetization of the stator poles 16, 18.

The rotor 14 has a plurality of projecting poles 30
and 32. The rotor is mounted to a rotatable shaft 28
co-axial with the principal axis of the stator 12. 1In
Figure 2, the rotor poles are outwardly extending and the
rotor 14 is rotatably disposed in the central bore 20.

When the energizing coils 24 and 26 are energized by
a control system (not shown), typically by applying a
voltage to them from a power source (not shown), the
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
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
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-
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
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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14 to freely rotate. The rotor 14 freely rotates in the
clockwise direction until it reaches position D (shown in
Figure 3D), known as the minimum inductance position.
The torque developed by the rotor 14 in this position is
zero. At or around the instant that the rotor 14 passes
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
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the energisation of the motor.

Referring now to Figure 4, one embodiment of the
motor starting device is shown generally by reference
numeral 40. The motor starting device 40 comprises a
starting member which, in Figure 4, comprises an ON
button 42. The ON button 42 is defined by a shaft 44
which has a plurality of teeth 46 along its mid-section
and a curvilinear cut-out section 48 disposed below the
teeth 46. The shaft 44 has a pin 50 mounted to its
distal end. The ON button 42 is further defined by a
disc-shaped pushing member 52 which is mounted to the
proximal end of the shaft 44. Both the shaft 44 and the
disc-shaped pushing member 52 are preferably formed of a
metal or thermoplastic material.

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 wheredthe motor
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
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
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
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attached to the ON button 42 at the disc-shaped pushing
member 52 is provided to apply a recoil force to the ON
button 42. Alternatively, the spring member 54 may be
attached to the shaft 44.

As the ON button 42 is pushed downward upon
activation, the teeth 46 on the shaft 44 engage teeth 56
disposed on the rotor shaft 28, The linear downward
movement of the shaft 44 imparts a torque via the teeth
46 and 56 to the rotor shaft 28 thereby causing it to
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
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
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
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
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
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pin 50 comes into contact with the ramp 64. Any earlier
activation of the micro-switch 58 might cause the teeth
46 and 56 to grind as the rotor shaft 28 begins to rotate
upon activation. As the pin 50 follows the downward
slope of the ramp 64 it pulls the shaft 44 away from the
rotor shaft 28. The pin 50 follows the slope of the ramp
62 until it reaches a stopping member 66 which is mounted
to, or alternatively integrally formed with, the ramp.
Once the pin 50 reaches the stopping member 66, the
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
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
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.

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
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
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ramp until it has cleared the guide member 70 after which
the recoil action of the spring member 54 restores the ON
button 42 to the starting position, 1i.e., the "OFF"
position (shown in Figure 4). In the "OFF" position, the
micro-switch 58 is deactivated which in turn shuts OFF
the motor 10. Alternate embodiments are envisioned where
the teeth 46 and 56 on the shafts 28 and 44 are replaced
with sleeves of high friction material, with roughened
areas, or the like.

An 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
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
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,
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.
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
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develop high torque in the desired direction. A spring
element or the like may be is mounted to the distal end
of the shaft 84 to facilitate engagement of the shaft 84
with the rotor shaft 28°'.

The motor starting device 80 is different from the
motor starting device 40. Rather than setting the rotor
14 into motion in the preferred direction, the motor
starting device 80 aligns the rotor 14 at a preferred
starting position, so that when the stator coils 24 and
26 are activated, the motor 10 can be started. In this
sense, the motor starting device 80 functions as a rotor
positioning device.

The motor starting device 80 is otherwise similar to
the motor starting device 40. The disengagement
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
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
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,
equivalents and alternatives falling within the spirit
and scope of the invention as defined by the appended
claims.
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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.

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.
1

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

I
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mechanism in the deactuating position to supply power to
the coil.

7. A system as claimed in claim 3 in which the portion
of the shaft comprises a high friction material for
engaging the part of the rotor.

8. A system as claimed 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 deﬁ}ned 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
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engaging the rotor and moving it towards a desired
starting position relative to the stator; and

energising the winding when the rotor is in the
desired starting position.

14. A method as claimed in claim 13 in which the rotor
is engaged using a manual actuator.

15. A method as claimed in claim 14 in which the rotor
has a rotor shaft which is engaged by the actuator.

16. A method as claimed in claim 14 or 15 in which
substantially linear movement of the actuator rotates the
rotor.

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



