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A SYSTEM FOR CONTROLLING A ROTARY DEVICE
Field of the Invantion
The present invention relates to motors which axe

used for generating a torqueiand generators which are used
for generating electricity.

Background of the Invention

A typical electric motor consists of a stator and
rotor. | o

The operation of an electric motor is based on N
the principal that an electric cuxrent through a conductor
produces a magnetic field; the direction of current in an
electromagnetic such as a coil of wire-detexmines the
location of the magnets poles and like magnetic poles repel
and opposite poles attract. | '

The stator which is typically called the field.
structure establishes a constant magnetic field in the
motor. -

Typically the magnetic_fie;d is established by

.permanent magnets which are called field magnets and

located at equally spaced intervals around the rotor.

. The rotoy or armature typically consists of a
series of equally spaced coils which are able to be
energised to produce a magnetic £ield and_thus north or
south poles. _ _

B& keeping the coils energised the interacting
magneticifields of the rotor amnd the stator produce

_ rotation of the rotor.

To ensure that rotation occurs in a single
direction a commutator is typically connected to the
windiﬁgs of the coils of the rotor so as to change the
direction of the current applied to the coils.

If the direction of the curremt was mot reversed
the rotor would rotate in one direction and then reverse
its direction before a full cycle of rotation could be
completed. ' | _

The above description typifies a DC motor. AC

motors do not have commutators because alternating current



Y

WO 00728656 - PCY/AU99/00962

10

15

20

25

30

35

-2 -

reverses its direction-independently.

For a typical AC motor such as an induction motor
the rotor has no direct connection to the external séﬁrce
of electricity. Alternating current f£lows around field _
coils in the stator and_prodﬁces a rotating magnetic field.
This rotating magnetic field induces an electric current in
the rotor resulting in another magnetic field.

This induced mégnetic field from the rotorxr
Lnteracts w;th the magnetlc fzeld from the stator causxng
the rotor to turn. _

An electric generator is effectively the reverse

‘of an electric motor. Instead of supplying electricity to

coils of either the stator or rotor, the rotor or armature- -
is rotated by physical forces produced by a prime mover.

In effect a ganezator changes mechanical energy
into electrzcal energy.
Sumuary of the Invention

The present ianvention is aimed at providing an

improved rotary device which @perates with improved
efficiency compared to comventional rotary devices.

The prasent invention is alsoc concermed with
providing a system for controlling,a rotarf dévice which :‘.s~

'able to generate electrical and/or mechanical energy. .

According to the present invention there is
provided a system for controlling a rotary device, the _
system comprising a controller and a rotary device, which
bhas a stator and rotor, wherein the controller is comnnected
to the rotary device to control rotation of the rotary
device, and wherexn the controller is adapted to
periodically energise at least one energising coil of the
davice to create a magnetic field of a polafity which
induces the rotor to rotate in a single direction and
wherein the c¢ontroller is switched off so as to de-energise
the energising coil when other forces, being forces other
than those resulting from the energlsed energising coil
produce a rasultant force ‘which lnduces rotation of the

rotor in the single direction.
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Preferably the controller is adapted to energise
the energising coil for a period during which the resultant
force from the other forces acﬁs to rotate the rotor in the
opposite direction, whereby the force applied by the
energising colil overcomes (is greater than) the resultant :
force. _

The contréller is preferably adapted to switch
off to de-energise the_energising.coii before. the resultant
force is zero. _

The controller preferably is adapted Eo switch
off to de-energise the energising coil for a period before
the resultant force is zero, and to-allowlback EMF induced

by other forces to urge the rotor to rotate in the single

direction before the resultant force is zero.

Preferably the resultant force excludes forces:
arising from back EMF .

The energuszng coil may be adapted to be
energised by the controller through a predetermined angle
of a comblete ravolution of the rotor. '

alternatively the emergising coil is adaﬁtéd to
be energised'by the.con:roller:for_a predetermined pexiod
of time for each revolution of the motor. _

Praferably theleach.energisihg-coil is ené:gised_
more than once during a single revolution (cycle) of the
rotor. _ .

The/each or at least one energising coil may be
energised each time the resultant force applles a force to
the rotor in the opp051te dlrect;on.-

Tha/each or at least one energising coil may be

. energised by a periodic pulse applied by the controller.

The periodic pulses are preferably all of the

same sign.
The/each or selected ones of the enerxgising coils

‘are energised whenever the rasultant force is in the

opposite direction and then for a period less than the

period during which the resultant force changes from zero

. to a maximum and back to zero.
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Accordlng to one embodiment the stator has the at
least one energlslng coil. _

The rotor may have at least one magnetic £ield
generating means which is able to'generate a magnetic field
which interacts with the magpetic field generated by
the/each energising coil when energised, to apply a force
to rotate the rotor im one direction. _ |

- The/each energising coil preferably includes a.
magnetic interaction means which is adapted to either repel
or attract the magnetic field generating means.

' According to another embodiment the magnatic
interaction meﬁns is adapted to attract the magnetic field
generating means. . '

The magnetic interaction means may coﬁprise a
ferrous body or body of another substance which is
attractable to a magnetiéad body.

The magnetic field generating maéns may be a'
permanent magnet. o

The magnetic 1nteract10n means may be an iron
core or a permanent magnet. - : o

Preferably the magnetic field generating means
comprises a pe:maﬁent magnet, or_mEmber attractable to a

magnetised body. ' '

The stator preferably comprises a plurality of
energising coils evenly spaced around the rotor.

Each'energising coil is preférahly an
electromagnet. '

' Preferably the or each energising coil includes
the magnetzc interaction means through its coil.

Preferably the rotor comprises a plurality of
evanly spaced magnetic fleld generating means.

According tp_one-embodiment the rotor comprises a
plurality of evenly spaced pérmanent magnets;

The evenly spaced'permanent magnets may all be of
the same polarity. ‘

The evenly spaced magnetic field gemerating meané

may be energisable coils simulating magnets.
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Preferably the poles 6f the magnetic fieid
‘generating means are all the same. _

The magnetic poles produced by energised
energising coils may be the same as that for the magnetic
field generat;ng means - _

According to an altermative embodiment an
alternatlng pattern of poles for the energising coils is
provxded.

According to another embodiment an alternating
pattern of permanent maguets is provided for the rotor.

According to a further embodiment of the presenh
invehtion the stator has a plurality of magnetic flux
generatlng maans.’ _ |

The magnetic field generatxng neans for the
stator may he permanent magnets.

Preferably the rotor comprises a plurality of
energising ¢oils and a commutator. '

The rotor may be an armature and the stator may
be a fzeld winding.

Praferably the rotor magnatic'field generating
means'is_enetgised by an extermal power supply being DC or
AC current. _

‘The stator magnetic interaction means may be.
energised by coils operating on AC or DC current.

According to ome embodiment the stator includes

at least one induction coil which is adapted to have a

current induced therein by the magnetic field generating
means of the rotox. ' . ' -

Theleach induction coil may be separate f£rom
the/each energising coil. _ -

The/each induction coil may alsoc be the
energising coil.

The/each energising coil may be adapted to be
connected to an outbut circuit whereby current induced in
the/each energising coil is output to the output circuit.

It is preferred that switching circuitry is

adapted to rectify current induced in the induction coils.
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It is preferred that the rectifyihg occurs just
before the or each energising coil is energised by the
power supply. _

' Pieferably current output to the output circuit
is adapted to be used to run An electric.device.

The controller preferably comprises a switching
¢cireuit which is adapted to connect the/each energising
coil to an output circgit when no current is genexrated to
energise the energising coil.

| Preferably the controller provides a switching
circuit. ) |

The controller may be a rotary switch. ,

The rotary switch may have at least one contact
whlch is aligned with the/each magnetlc field generatlng
means .

Preferably the rotary switch has at least one

‘contact aligned with the permanent magnets of the rotor.

The rotary switch may have the same numbexr of
contacts as the number of magnetic field generating ﬁeans;
being magnets in their preferred form.

The/each contact may have a width that varies
with vertical height. | |

- The rotary switch preferably comprises adjustable
brushes which are able to be moved vertically.

The contacts pfeferably taper in width from a top
end to a bottom end thereof..

‘The rotary sw1tch and rotox may be located on
coaxial central awxis.

~ The rotary switc¢h and rotor may be mounted on a
common axial. -

Praferably the rotor switch is mounted in a
separate chamber from the xotor..

According to one embodiment each emexgising coil
is adapted to repel an adjacent magnetic field generating
means when eneigised- '

.Each energising coil may be adapted to-be
energised'by back EMF only for a predetermined period of
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each cycle.

The predetermined period preferably occurs after
current to the energising coil'is switchad off. |

According to a further emwbodiment the/each
energising c¢oil is adapted to attract.the.magnetic field
generating means of the rotor. ' '

The present invention contemplates a number of
variations to the components making up the systems
described above. For example the current, voltage,
magnetic field generated, the numberlof poles of magnets
for the rotor/stator may éll vary and accordingly will
effect the timing of switching of energising coils.

The rotary device may have a greater number of
magnetic poles generated on the stator/field winding than
in the rotor/armature or vice versa.

According to one embodiment the nunber of poles
on both of these are the same.

It is preferred that the switching of the
energisihg'coils.which is controlled by the controller is
adapted to maximise'the influence of back EMF produced.

It is preferred that the emergising coils are
effectively provided with a pulsed electric current of
minimum duration, which duration is enough. to maintain
rotation of the rotor and produce a desired output of
torque or current. | '

Brief Description of the Drawings

Praeferred embodiments of the present invention

will now be described by way of example only with reference

to the accompanying drawings in which:
Figure 1 shows a cross-sectional front view of a
rotary device and control therefore in accordance with a

first embodiment of the invention;

Figure 2 shows a top view of the controller shown

in Figure 1; _
Figure 3 shows a side view of the éontroller
shown in Figure 1; '
Figure 4a shows a schematic view of a system forxr
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controlling a rotary device in accordance with the first
embodiment of the present invention;

FPigure 4b shows a schematic view of the rotaﬁy
device shown in Figure 4a;

Figure 5 shows a graphical representation of
force versus andgular position of permanenﬁ magnet Ml of the
system shown in Figure 4a; '

Fiqure 6 shows a series of four graphs of .input
current versus angular'movament of each permanent magnet of
the system shown in Figure 4a;

Figqure 7 shows a graphical representation of

input voltage versus input current for each coil of the

rotary device shown in the gystem of Figure 4a;

Figure 8 shows a schematic diagram of variation

.of natural magnetic attraction versus angularx displacemen€

of a rotor having a single permanent magnet and a stator
having a single emergising coil, in accordance with a
second embodiment of the present invention; .

' Figure 9 shows a graphical representation of
magnetic field versus angular displacement in accordance
with the'second embodiment of the present invention;

Figura 10 shows a gxéphical.representationhbfp
indnéed induction versus angular displacement. of the
permanent magnet in accordance with the second embodiment
of the present invention; and .

_ Figure 11 shows a further graphical
representation of induced induction electro-magnetic force
versus angular displacement of the permanent magpet in
accordance with the second embodiment of the.present

invention. -

Detailed Description of the Drawings

' As shown in Figure 4a according to the firxrst

embodiment of the invention a system is provided:consisting

of a rotor 11 having four ﬁermanent magnets M1, M2, M3, M4

which are evenly spaced at 90° with respect to each other.
The system includes a stator 12 consisting of

three electro-magnet enargising coils A, B, C which are
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spaced 120° apart from each other.

Each-cpil A, B, C is connected in circuit with a
power supply of 54 volts and 'a switch RS1, RS2, RSB..

Each of the contacts RS1, RS2, RS3 are part of a
rotary switch 13 having contacts 14, 15, 16, 17 which are
spaced apart at 90° with respect to an adjacent contact.

' The rotary switch 13 is provided with contact
brushes 18, 19 and is mounted on an axle 20 which is the.
same or common with the axle of the rotox 11. |

Bach of the contacts 14, 15, 16, 17 is specially
configured with a trapezoidal shape, with the two non-
parallel sidesg consisting of a straight side 21, and a 
tapered side 22 which tapers outwardly from top side 23 to
bottom side 24. . '

' The xesult is that each contact increases in
width moving from the top side to the bottom .side 24.

The brush 18 is able to be moved vertically
relative to the comtacts 14, 15, 16, 17 while the brush 18
is in constant contact with the base. _ _ .

Although Figure 1 only shows the rotary switch 13

'having a single series of four contacts 14, 15, 16, 17, fox

the three coil stator shown in Figure 4a there would in.
fact be preferably three contact discs on the axle - 20.

Each contact disc would have'dontacts for a
respective one of the coils A, B, C, but each brush for the
other discs would be qfféet hy.30° and 60° respectively.

A deascription of the-operaﬁion of the system
shown in Figures 1 to- 4a will now be set forth below.

If it is assumed that the magnets M1, M2, M3, M4
are initially aligned as shown in Figure 4a with magnet M1
opposité one end of coil A, coil A is energised whenever
one of the magnets'M1 to M4 is aligned Opposité it and for
a predeterﬁined time aftef the permanent magnet has passed
ie. _ _ _

As shown in Figure 6 coil A is énergised by
contact RS1 providing an electrical connection through the

rotary switch 13.
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This occurs by one of the. contacts 14 to 17 being
aligned in contact with brush 18. At thig time current is
applied fxrom the_power sonrce VA and continuas to be
applied until the bfush 18 is no longer in contact with one
of the contacts 14 to 17.

For the three cozl/four pole arrangement of the

first embodiment it is preferred that the brushes are moved

to a vertical position where the width of each contact is
sufficient for each of the switches RS1, RS2 and RE3 to be

closed for 12° 51/,

30

% of the rotation of the rotor 11.

After'this time the switches RSL to RS3 are open and no
more current is delivered to any one of the coils A to C.

When the current to each of

the coils is switched off a

back EMF is induced in each of the coils A to C and this
back EMF represented by item Z results in current bexng

maintained in each of the coils for an addltlonal small

" period of time after the contacts RS1 to RS3 are opened.

By switching the coils A to C in the above manner

. the rotor 11 can he xnducad to rotate with a lowaer amount

of 1nput current to the stator than would be regquired if

current was delivered comstantly to the coils A to C.
Table 1 below shows the resultant force on the.
rotor 13 for angular positions of the magnets M1 to M4 for

angular displacements of magnet from 5° to 30°.

TABLE 1
M1 5°ce 10°cC 15°CC 20°cc | 25°CC 30°CC
M2 25°CW 20cw | 1scw 10CW 5°CW 0°
‘M3 55°CW 50°CW 45°CwW 40°CW - | 35°CW 30°CW
M4 35°CwW 40CC 45°CcC 50°CC 55CC 60
RF cC CC 0 CW cw 0

As shown when the magnets of the rotor 13 are

rotated 5° at a time the resultant force on the rotor

changes from a counter clockwise force from 5° to 15° to a
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clockwise force from 15° to 30°.

At 0", 15° and 30" the resultant force on the rotor is 0 so
that if the'permanent magnets of the rotor were aligned in
any of these orientations there would be no resultant force
to urge the rotor either clockwise or anti clockwise.

As shown in Figure 5 a plot of magnitude of
resultant force applied to the zrotor againsrt angulax
displacement of the rotox shows a sinusoidal curve having a -
cycle of 30°. |

For a full 360° rotation of the rotor the rotor
would experiénce 12 cycles of variation in resultant forqe,

What Table 1 and Figure 5 shows is that unless an
additional force is applied to rotate the rotor clockwise
or anticlockwise the rotor will not be able to spin .
continuously in either direction. .

If it is assumed that it is desired to r@tate the
rotox clockwise, then the force must overcome the
counterclockwise resultant force which occuxs from 0 to
15°, 30° to 45°, 60° to 75° etc through the whole 360°

rotation of the rotor.

. Because each of .the coils A to C has an irom core
even when the coils are unenergised tha natural magnetic
attraction; occurring between each magﬁet and the iron cores
results in each magnet M1 to M4 attempting to move in a
dzrectxon to the closest iron core.

Whenever a magnet 1s opposite an iron corxre the
mhgnetic attraction is greatest and there is no force
applied by that magnet to mo?e-the rotor either clockwise
or counterclockwise. Likewise when a magnet is positioned
midway between adjacent iron cores, there is also a _
resultant force of 0 which translates to no resultant force
being applied to the rotor to rotate it in either direction
by that magnet. B '

As shown in Figure 5 and Table 1 if magnet M1l is
moved clockwisze 5° there is a natural attraction between
the magnet M1l and iron core of coil A to pull the magnet M1l

in a counter clockwise direction. If the resultant forces
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applied by the other magnets were sufficient to overcome
the attraction between permanent magnet M1 énd the iron
core of coil A the rotor would still manage to move
clockwise.

However as shown in Table 1 the angulax position
of the other magnets M2 to M4 results in'ﬁn overall counter
clockwise resultant force.

To .overcome the resultant force it is ﬁecessary
to produce:a pole X at c011 A of like polarity to magnet M1
and thus repel M1 away fram coil A.

. _ns shown in Figure 5 the strength of the magnetic
repelling action between coil A and M1 must be sufficient
to overcome the resultant force urging the rotor counter
clockwise. ' -

A current could be applied to the coil A for an
angular displacemeﬁt of 15° of magnet M1, but it is
pzéferred.that coil A be energised only for 12°, 51’, 50~
angular displacement of ﬁagnet_ul. By applying current to
coil A for this period of angular displacement a minimum
amount of current is applied to coil A in order to overcome
the resultant force counter clockwise. which occurs for 0°
to 15° of angular displacement of magnet Ml.

_ Although curiéﬁt.to coil A can be applied for
longer than this period it has been discovered that by
applving current for this period a back EMF is induced in
coil A which adds to.the repulsive force appiied to magmet
M1 by coil A.

" Every time one of the magnets M1 to M4 is aligned
at 0° with coil A coil A is energised for 12°, 51, 50" of '
angular displacement of that magnet. Thus as shown in
Figure 6 current ends up being applied to coil A at 0° to
12“; 51/, S0, 90° to 102°, 51‘, 507, 180° to 192°, 51‘, 50~

‘and 270° to 282°, 51, 50~.

A similar switching pattern is applied to c¢oils B

"and C. For example coil B is energised when magnet M2 has

moved 30° to when it has moved 42°, 51’, 50” and likewise

coil C is energised when magnet M3 has moved 60° to 72°,
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51+, 507,

It is rreferred that the rotor has a diameter of
230mm and that each coil has a resistance of 6.8chms.

Figure 7 shows a graphiqal representation of"
input voltége versus input current for a coil resistance of
6.8ohms and for a four pole rotor which is 230mm in
diameter. _

The exact timing seguence for switching coils on
and off will vary depending on the parameters of the rotary
device and the contxoller.

Accordingly by varying the input voltage, coil
resistance and overall impedance of the input circuit for
each coil the duration during which a coil must be turned
on will change. .

_ In fact thexre are many factors which can change
the timing sequence of switching on the coils and some of
these are sumarised below.

The Stator | _
" The variables include the choice of material used

in comstructing the stator iron core, the mumber of stator
iron cores and their positioning as well as the .physical

- 8ize, section area and shape of the stator iron cores.
Rotox

The physical size and magnetic strength and shape.
of the polarised permanent magnetic body as contained in
the rotof, the nmumber of polarised permanent magnetised
bodies being contained in the rotor, the positioning and
spacing of the same, the use of all iike polarities of
permanent magnetic bodies or the use of alternating
polarities for the permanent magnetic bodies.

Stator Coil | |
The physical size of the coils being positioned

onto the stator iron core(s), the type of wire used to wind
the coil(s) such as copper, silver, aluminum or others.

The shape and section areas of the winding wire, such as

round, square, triangulay, rectangular and others; the

number of turns and layers wound onto the coil and
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consequent ohms resistance; the method of winding onto a
coil holder, Single winding, double winding, double wihding
same directioﬁ, double winding opposite direction, left to
right or vice versa, interwoven winding, whether the above
examples would be wound onto a single cdil holder.

Speed of Rotor

This can be controlled by the 1ength of the
dlrECtEd (input) DC current (on and cut off period)  and/or
the control of the supply voltage used to supply the statar
coil(s). .

Other variations that may be made to the system
1nc1ude the followxng.

- a. The coils can be connected in series, parallel,
or series parallel. '
b. It is only when the north/south arrangements of
the permanent magnets are used in the rotor that even
numbers of permanent magnets are necessary, but not
necessarily even numbers of pairs of stator coils
positioned in the stator. Furthermore the direction
DC current supplied to the stator coils in the north
south-arréngement above must be synchronised, meaning
that the magnetic field as needed in the stator
coil(s) must be of corresponding ﬁolarity to the
stator coil(s), irom core end, which faces the
Permanant magnets. _
c. When using permanent magmets which are all of the
same polarity, then any number of permanent magnets in-
the rotor may be used providing there is sﬁffidient'
room to contain them at even =pacings on tha rotor.
d. The spacings between the permanent maghets must
be exact, if too close to each other the directed DC
current will bacome. less effective, if too far apart
the full potentlal will not be obtained.
e. It is possible to have various combinations of

. parmanent magnet and stator coil iron cores similar

but not restricted to the following:

i, Three magnets in the rotor, one to
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three stator coils can be used. _

ii. Five permanent magnets in the rotox,
ome to five stator coils can be used.

iii. Nine permanent magnets in the rotor one
to three or nine stator coils can be used.

iv. The output varies witﬁ each
combination. -
' v. Regardless of the rotor containing even
or uneven pumbers of permanent magnets the stator
can operate with only one stator coil and stator
iron core and still be highly efficient but with
reduced.total output.

£. The stator and rotor should be made from non

" magnetic materials like wood, plastlc, branza and

gimilar non-magnetic materials. .

Although switching is performed in its.preferred form
by a mechanical rotary switch, it can also be performed by
solid state electronics or other switching devices. |

The length of the on period for each coil is the
physidal length ratio. When the brushes are in contact
with the conductive part of the rotary switch and the non-
conductive part. '

This :at;o is referred as the frequency or number of
rat;os in one second.

The output produced by the rotary device can be
mechanical and electxical at the same time or may be mainly
electrical oY mainly mechanical. The reason for this will
be explained with reference to the second embodiment in
which it is assumed the stator bas a sihgle energising coil

- with an iron core and the rotor has a single permanent

magnet.
When the rotors permanent magnet is rotated very _
slowly by hand in the clockwise direction it is possible to

‘‘determine the point where the natural magnetic attraction

between the rotors permanent magnet and the stators iron
core occurs. '

When the leading edge of the permanent magnet has
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reached point A as shown in Figure 8, the natural magneticl
attraction begins and increases exponentially until the:
centre of the permanent magnet is aligned at point B
opposite the iron core 30. '

If the permanent magnet is rotated away from point B
the NMA will be at a maximum point at point B and then
decrease from maximum exponentially until the trailing edge
of the permaﬁent magnet has reached point C and then

' ceases.

When the rotor is moved clockwise at a constant speed
and an oscilloscope is commected to the stator coil it is
possible to observe the movement of the permanént magnetic
between point A and point B and then between point B and C
as shown in Figure 9. |

- An induced induction curve is then apparent on the
oscilloscope and this induced induction produces a sine
wave curve 31. Furthermore the induced induction between
point A to point B is a negative going induced induction in
this instance and the induced induction between point B and
point C is .a positive goihg induced induction in this
instant. o _ )

It iqéalso noted that the negétivp going and positive
going induced induction curves are exactly the same but
opposite to each other.

When the permanent magnet begins to induce a negﬁtiva.
going induction in the stator coil at 0° of the sine wave

" curve 31, the induction induced is then at ¢. At 90°

degrees of the sine wave curve the induced induction is at
a maximum and then goes back to 0 when the permanent magnet

is aligned with point B, or at 180° of the sine wave curve,

when the permanent magnet starts to move away from its
alignment with point B or is at 180° of the sine wave
curve. ' _

When the permanent magnets start to move away from its

..alignment with point B and is moving towards point'c the

now positive going induced induction is first at 0 at 180°

of the sine wave curve, then at a maximum of 270° of the
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Sine wave curve and them back to 0 ét 360° of the sine wave
curve. o

It should be noted that 0° and 360° of the sine wave
curve are not necessarily the same as point A for 0° and
point C for 360° of the sine wave curve.

Points A and C are determ;ned by the strength of the
rotors permanent magnet and the section area and/or shape

. of the stator iron core.

The nggatlve going induced induction between 0° and
180° of the sine wave curve produces an elactro-magnetic
force in the stator coil and 1ron core of opp031te
polarxty. .

The iron core end facing the rotor is of opposite
polarity than the perménent magnet'in thig instance, as=
shown in Figure 10.

The positive going induced induction between 180° and
360° of the sine wave curve produces an electro-magnetic
force in the stator coil and iron core of the same polarity
in the irom core end facing the rotor, being of the same '
polarity as the permanent magnet in this instance.

When the permanent magnet reaches point A the natural
magnetic attraction between the permanent magnet and the
stator iro?. core is at is minimum and starts to move toward.
point B. ﬁMen the induced induction then also starts to
occur at 0° of the sine wave curve, being somewhore between
point A and point B, the natural magnetic attraction has
already increased. . |

. When the permanent magnet is at 0° of the sine wave
curxve and is moving towards point B or 180° of the sine
wave curve, the negative 901ng induced induction in the
stator coil is producing an electro-magnetzc force (field)
in the stator iron core with the iron core end facing .the
rotor being of an opposite polarity than the permanent
magnet and is at zero effect at 0° of the sine wave curve,
than at maximum effect at 90° of the sine wave curve and
then back to zero effect at 180° of the sine wave curve.

The permanent magnet is then aligmed at point B.
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There the magnetic attraction force is proportional with
the distance and this increases exponentially when moving
from A towards point B. There the statoxr iron core is
fixed and stationary at point B. Accorﬁingly'it will be
the permanent magnet that moves towards point B.

As an example if the stator iron core was also a
polarised ‘permanent magnetic body of the same strength but
of opposite polarity to. the Permanent magmet, the magmetic.

~attraction-force would be at least four times greater

' because of the distance factor as explained earlier.

Furthermore, this would also occur because of the
doubling of the magngtic'force between the magmetic north
and south afrangemant. It follows therefore that the
magnetmc attraction betwean the permanent ‘magnat and the
iron core end facing the rotor zncreasas dramatically. when
the induced induction in the stator coil produces an
electro-magnetic force of the opposite polariéy'at the
stator ixon core end facing the rotor as described ahove.

The increase follows the sine wave curve starting from
0° to 90° of the sine wave and the above effect decxeases
form 90° back to 180° of the sine.wave curve. - o

A combination curve of the natural magnetic. attractiom
and the induced induction in the stator: coil, producing an.
electro-magnetic force at the stator iron c¢oil end facing
the rotor of opposite polarity 33 is shown in Figure 10
£rom 0° to 180°. For 180° to 360° the stator iron coil and

‘rotor of like polarities 34 are shown.

When the permanent magnet is aligned at point B and a
direct current is supplied to the stator coil for only a
short period starting at point B then the DC current is
applied only long enough to overcome the natural magnetic

attraction between permanent magnet and the stator’s irom

‘core end facing'the rétor. The directed DC current as

supplied to the stator coil is producing a like-polarity at
the iron core end facing the rotor and thus ig repelling
the permanent magnet away from point B towards point C.

The natural magnetic attraction has thus changed to
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natural magnetic repulsion due to the like-polarity of the

stator iron core end facing the rotor.

The length of the “on” period has to be sufficient to
overcame the natural magnetic attraction and could be as
long as until the trailing edge reaches point C where the
natural magnetic'attraction ceases. Hoﬁever thexe the
positive going induced induction in the stator coil as-
produced by the permanent magnet produces an electro-
magnetic force in the stator or iron core end facing the
rotor, producing a like polarity as the permanent magnet
starting at 180° of the sine wave curve ox point B and zero
at that instant. At 270° of the sine wave curve, it is at
a maximum and then ends up at zero at 360° of the sine wave
curve. In other words at 270° of the sine wave the force
is at maxipum repilsion and there is induced induction in
the stator coil depending on the speed of the rotor. The
effect of variation on the speed of the rotor is shown hy
curves 35 in Figure 11. '

As shown in Flgure 11 regardless of the speed of the
rotor the induced induction 1n the stator coil is at a
maximum at 270° of the sine wave curve.

The on period can be brought back to the point where.

the induced induction is great emough to carry the electro-’

magnetic repulsion through to 360° of the sine wave curve
and beyond point C. Therefore the Qreater the rotor speed
tha shorter thé on period of the input DC current has to be.
due to the high induced induction in the stator coil as
explained earlier. When the “on” period is switched off it
is called_the-“cut-off" point. From the cut-off point to

. 360° of the sine wave curve the repulsion is produced by

back EMF the induced induction in the stator coil as
previously explained. _

During the on period, the magnetic repulsion force
produced between the stator‘iron core at point B and the
permanent magnet can be viewed as a combined rapulsion
force. Some of this force is produced by natural magnatic

repulsion of the permanent magnet and some by the input DC
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current as supplied to the stator coil. Thexrefore if the
induced magneéié force as produced by the input DC current
in the stator coil is made equal to that of the permanent
magnet with the same polarity, then half of this repulsion
force between the on period and the cut-off point, in this
instance, is from the natural magnetic repulsion of the
permanent magnet as a reaction to the induced magmatic
force as supplied by the input DC current to the stator
coil. ' | - |

The input DC current as supplied to the sgtator coil
produces the magnetic repulsion force and iz the 6n1y
outside input to the overall system for total movemant
between point A and po;nt C.

The total 1nput can be summarxsed as:

a. The combined natural magnetic attraction and the

electro-magnetic force as produced by the induced

induction in the stator coil between point A to point

B. _ |

b. The combined ﬁagnetic repulsion force betwean the

perﬁanant magnet and the'statdr iron core facing the

rotor during the on period and the. cut-off point.

c. Tha electro-magnetic repulsion (see 1nduced

Lnductlon as explained earlier) between. the cut-off

polnt and point C. o

4. The electr@~magnétic repulsion produced by the

back EMF as representéd by shaded portion 36 of Figure

11. |

According to another embodiment of the present
invention the stator has two coils positioned at 180° with
respect to each other and the rotor has three permanent
magnets spaced at 120° apart. ' : ]
| As set out in Table 2 below from 0 to 30° the
resultant force urges the rotor counter clockwise. At 30°
the resultant force is 0 and from 30° to 90° the xresultant
force is clockwise. From 90° to 120° the resultant force
is counter clockwise. ' This completes a full eycla which is

repeataed three times throughout a 360° rotation of the
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rotor.
TABLE 2
M1 | 5°¢ 10°CC 15°CC 20°cC 25°Ccc 10°ce
M2 S5CW - S50CW 45Ccw 40CW Iscw 30CwW
M3 65cC 70CC . 75CC soce 85cc 30
RF ‘CcC cc cc cC ce 0

With the above configuration of poles and coils if it
is desired to move the rotor clockﬁise,'current would need
to be supplied to the coils of the stécor to overcome the
counter clockwise force whemever this is counter clockwise,
but as explained previously, cﬁxrent-doas not need to be
supplied to the coil to'enargise the coil for the fuli_
period during which the resultant force is counter
clockwise. ' _

For convenience and ease of explanation the above _
embodiments have been restricted to permanent magnets on
the rotor and coils on the stator. However the basic
concept behind the invention does not change if the
permanent magnets are replaced by coils which are energised
to produce the appropriata magnecic polas.

Similarly for an AC rotary device a rotating magnmetic
£ield generated by the stator winding or by the
rotor/armature winding coul& fimilarly be switched to
raduce the amount of current required to maintain rotation
of the motor in one direction ind to maximise the influence
of back EMF on maintaining rotation of the motor in a
gsingle direction. : , ' .

The above principles alsec apply to generators where
coils are energised to produce a magnetic field.. In such a
situation the coils are switched.on for a time sufficient

‘€0 maintain rotation in the single direction and to

maximise the influence of back EMF which tends to maiptain
rotaticn of the rotor/armature in a single direction.

By using the above concept it is possible to produce
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an output which can be both mechanical and electrical at
the same time. Current generated in the stator coil
windings can be used as an output and likewise the torque
generafed by the rotor can be used to supply a mechanical
output. hikewise only one or'the other form of outpﬁt may

be utilised.
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CLATMS

1. A system for contrxolling a rotatable device,
the system comprising'a controller and a rotary device,
which has a stator and rotox, wherein the controller is

connected to the rotary device to control rotation of the

rotary device,.and wherein the controller is adapted to

periodically energise at least one energising coil of the
device to create a magnatic field of a polarity which
induces the rotor to rotate inm a single direction and
wherein the controller is switched off so as to de-energise
the energising coil when other forces, being forces other
than those resulting from the energised energising, coil
produce a resultant force which induces rotation of the
rotor in the single direction. .

' 2. The system as claimed in claim 1 wherein the

controller’s adapted to energise the at least one

energising coil for a period during which the resultant
force from the other forces acts to rotate the rotor in the
opposite direction, whereby the force applied by the at '
1easﬁ one energising coil is greater than the resultant
force. '

3. The sysﬁem as claimed in claim 2 wherain the
contfoller is adapted to switch off input currént to the
energising coil before the resultant force is zero.

4, The system as claimed in claim 3 wherein the
controller is adapted to switch off the at least one
energising coil for a period before the resultant force is
zaxro and to allow back EMF to urge the rotor to rotate in
the single direction before the resultant force is zero.

5. The system as claimed in claim 4 wherein the
at least one energising coil is adapted to be enerxrgised by
tha controller through one or more predetarmined apgles of
a complete revolution of the motor.

6. 'The system as claimed 1p claim 4 wherein the

energising coil is adapted to be energised by the

- controller for one or more predetexrmined periods of time

for each revolution of the rotor.
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7. The system as claimed in claim 5 or 6
wherein ;he at least one energising coil is adapted to be
energised more than once during é single revolution of the
rotor. o ' |
_ ' 8. The system as claimed in claim 7 wherein at
least one of the energising coil is energised each time the

resultant force applies a force to the rotor in the

~ opposite direction.

9. The system as claimed in claim 8 wherein at
least one enerxgising coil is energised by a periodic pulse
applied by the controller. :

10. The system as claimed in c¢laim 9 ﬁherein the
periodic pulses are all of the same'sigh; '

11. The system as c¢laimed in claim 10 wherein
the at least one of the coils is energised whenever the
resultant force is in the opposite direction to the single
direction and then for a period 1éss than the predetermined
period during which the resultant force changes from zero
to a maximum.

12. The system as claimed in claim 11 wherein

" the rotor has at least omne magneéic field generating means

which is able to generate a magnatic field which interacts
with the magnetic field generated by the energising coil
when energised to apply a force to rotate to the rotor in
one direction. -

13. The system as claimed in claim 12 wherein
the enexgising coil includes a magnetic interaction means
whici is adaptéd o either'repel or attract thé magnetic
field generating means.

14. The system as claimed in claim 13 wherein
the magnetic interaction means comprises an iron core of
the or each energising coil and the magnetic field
generating means comprises at least one permanent magnet.

_ 15. The system as claimed in any one of the
preceding claims including a switching circuit which is
adapted to switch off the controller and connect the |

energising ¢oils to an output whereby induced curraent in
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the energising coils can be used.
l16é. The system as claimed in any one of the
preceding claims wherein the controllexr comprises a rotarxy
switch. '
S 17. The system as claimed in claim 16 where:.n
the rotary comprlses contacts having a cross- sectxonal
w:.dth which varies with he:.ght.
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