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(54) Single-phase reluctance motor

(57) Asingle-phase, variable speed
reluctance motor comprises a stator
and a rotor each with an equal number
of poles. The poles are made of solid
mild steel and can be fabricated by die
casting process for mass production.
An annular coil is wound on the stator
and is supplied with single-phase
switched pulses so that the stator poles
can be excited simultaneously to attract
the rotor poles.
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Fig. 1 Basic construction (Type 1)



Fig. 2 Basic construction (Type 2)
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top view
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SPECIFICATION
Single-phase reluctance motor

This invention relates to a new design and method of construction for low-cost, single-phase, variable
speed reluctance motor. It differs from the conventional single-phase reluctance motor or single-stack
reluctance stepping motor in that: (i) both the stator iron core and rotor iron core are made of solid mild
steel, (ii) the number of stator poles and rotor poles are equal, and (iii) the magnetic flux path per pole is
in radial/axial loop. The main advantages of the invented motor lie in simple and robust construction,
very low production cost, and reasonable efficiency and performances.

1. Basic construction

Figure 1 and Figure 2 show the basic construction of the invented motor. The motor mainly consists of
stator poles, rotor poles and stator winding. The stator poles and rotor poles are made of solid mild steel
and can be fabricated by die casting process for mass production. The stator core consists of several
independent pote pieces, which are fixed together by two aluminium or non magnetic plates. There is a
simple circular type winding in the stator core. The rotor consists of pole face, lower endplate and upper
cover-plate. The cover-plate may be made of aluminium or plastic. The number of rotor poles are equal
to that of the stator, and there is no winding in the rotor. The magnetic flux path per pole is radial/axial
as shown in Figure 1 and Figure 2. It is noted that the configuration of the rotor pole in Figure 2 is differ-
ent with that in Figure 1. In Figure 2 each rotor pole has a pole shoe, which improves the utilization of
the airgap flux. Therefore, a higher power density is achieved.

2. Principle of operation

The stator winding is supplied by a single-phase switched pulses and all the stator poles are excited
simultaneously. The rotor poles are then attracted by stator poles and a rotating torque is produced. For
example, if the initial relative position of the rotor and stator is as shown in Figure 3 (where rotor pole
“3" is closer to stator pole A’ than to pole “F”), and then the stator winding is switched on, the stator
poles will attract the rotor poles to rotate clockwisely. The stator current must be switched off before the
rotor poles align with the next stator poles. The rotor then will continue to rotate by in its inertia while
the next stator current is switched off. The stator current is switched on again when the rotor poles are
closer to the next stator poles. Thus by repeated switching action of stator current, the rotor will rotate
continuously.

A position sensor is incorporated to sense the relative position between the rotor and the stator, so as
to provide relevant switching control accordingly.

A parking magnet is adopted to ensure that the rotor is stopped at the proper position when the main
supply is switched off. Thus the rotor can be started up at the same direction when the main supply is
switched on again.

3. Motor design principles
(1) Flux linkage

The useful flux, which links the stator poles and rotor poles, is depended on the input current and the
position of the rotor pole. For a given speed and current, the linkage flux will vary from a maximum @,
when the rotor poles are facing the stator poles, to a minimum @, when the rotor poles are at the
midway between two stator poles. Neglecting magnetic nonlinearity, the flux variation can be approxi-
mated by a triangular waveform as shown in Figure 4. This waveform can be expressed by a Fourier
expansion: - '
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(2) Induced e.m.£7
- - 5 si
e = =N ac N ﬁlm sin wt
5 5
E=kNf, w2 aeeeeaes (2)
where k = ﬂl/ﬂo
10 10
e, E instantaneous and r.m.s. value of the induced e.m.f.
N number of turns of stator winding
I’} average value of flux
15 o 15
;Zfl fundamental component of £lux
(3) Output equation
20 The main dimensions of the motor can be expressed in term of the power of the motor, which is 20
known as output equation.
pg=Eloosw=kNgomIoosq>//2 ........ (3)
25 L 25
Considering that:
Angular velocity w = 2 pn/60 [elect.rad/sec]
30 specific electric loading A = NI/R  [AT/mi 30
specific magnetic loading for motor of Fig. 1,
B =p g /D( ——LZ' 4 Iwb/&nzz
35 35
specific magnetic loading for motor of Fig. 2,
L- 2
B=p ;zo/no( 5 } + 7k(D ~ t) [Wb/m2]
40 L TR 40
Substituting the above equations into eqn. (1), and an approximation is taken into account due to
D >> t, the output equation of the invented motor can be written as follows:
For motor of Fig. 1l:
45
_ cp 45
DL - 2] = BANDNCOS ¥ eeesnsen (4)
For motor of Fig. 2
50 cp 50
(DL~ 2) +20] L= gEwaesy Y 3)
where C = 120/4.44kw
55 55
n efficiency
n speed r.p.m.
cos Y power factor
60 60
P, Pg output power and airgap power [W]
65 65
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p — number of poles

D - stator outer diameter (m)

L - stator pole height (m)

B - stator slot height (M)

t — penetration depth of rotor pole shoe (m)
I — r.m.s. value of stator current (A)

It can be seen from equation (4) and (5) that the main dimensions and volume of the motor of Figure 2
are smaller than that of the motor of Figure 1. This is because the effective airgap are for the linkage flux
is larger due to the use of rotor pole shoe in Figure 2. On the other hand, the average diameter of the
stator winding coil of motor of Figure 2 is smaller as compared with that of motor of Figure 1, thus
resulting in significant saving of copper used.

{4) Pole arcs
The ratios of the stator and rotor pole arcs to stator interpole arc are the key parameters in the motor

design. These ratios can be estimated empirically. The stator pole arc B, should be nearly equal to rotor
poole arc B, in order to maximize the torque. On the other hand, the stator interpole arc B; should not be
less than the stator pole arc B,. This ensures that when the stator poles are attracting the approaching
rotor poles, the opposing forces due to the previously passed stator poles are insignficant. Based on
these criteria, the ratios can be taken around B/B, = 1.3 and B/B, = 1.4.

4. Drive circuit
Several configurations of simple and low cost drive circuit using triac or transistor are possible. For

example, Figure 5 is one of the possible drive circuit which has been tested with quite satisfactory result.
The drive circuit consists of a triac, a phase controller, a bridge and a synchronizing circuit. The firing of
the triac is controlled by the phase controller which comprises a R-C circuit and a diac. By adjusting the
reheostat R,, the charging time for the voltage across C, up to the breakdown voltage of the diac can be
varied, so is the conduction period of the triac. Hence, the motor speed can be controlled by R..

The triac must be switched off before the rotor poles align with the next stator poles, as discussed
earlier. To accomplish this, the voltage across C, is prohibited to build up by shorting it with the bridge
and transistor T, which is in turn controlled by the position sensor via the synchronizing circuit. The R-C
charging circuit resumes its normal function when T is off.

The synchronising circuit is as shown in Figure 6. The synchronizing action is done by a R-S flip-flop
which senses the input and changes state only if a clockpulse is received. Such clockpulses are generated
by the zero crossing detector, and hence the switching of transistor T is synchronized with the zero
crossing points of the a.c. mains.

Several motor prototypes in the range of 100-200 Watts have been built and tested with the drive cir-
cuit. The test results show that the performance of the motor is satisfactory, the full-load efficiency
reached around 0.2-0.25, which is comparable with those of conventional single-phase inductions motors
or conventional reluctance motors at the same power rating. Moreover, the construction of the invented
motor is much simpler and the production cost is much lower as compared with that of conventional
motor.

CLAIM

1. A single-phase switched reluctance motor with equal number of stator poles and rotor poles made
of solid mild steel as described above, and with the construction like in Figure 1 or Figure 2, which lead
to have simple, robust construction and lower production cost.
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