
;e3eD@@ABFBl>D6tDTDYd< ROTATING ELECTRIC MACHINE ~G000p2* FIELD Or THE
INVENTION 5 This Invention relates to rotating electric machines. In
particular, ~t relates to a hybrid permanent magnet motor and electric
power generation apparatus. BACKGROUND OF THE INVENTION 10 Rotating
electric machines such as DC motors have been used for providing kinetic
energy for various applications such as machines, vehicles and household
appliances, etc. Attempts have been made to Improve the efficiencies of the
motor. Devices combining motor and power generators have also been
developed to utilize the generated power for various purposes. 1 ~ US
Patent 5,258,697 discloses a permanent magnet electric motor that includes
a rotor with a plurality of permanent magnets; a stator with a plurality of
electromagnets and a controller coupled to the electromagnets to energize
them. In operation, one set of electromagnets ~s energized primarily to
negate then- backward attraction to the respective set of permanent magnets
that are moving away from the electromagnets. Torque Is obtained by the
magnetic attraction of 2 o the other set of permanent magnets toward the
core of the other set of the electromagnets. Since electromagnets are
powered to negate the backward attraction force, these types of motors have
a lower efficiency and higher power consumption. 2 5 US Patent 5,574,340
discloses a combined electromagnetically powered first motor and an
electrically powered second motor both being powered by a primary power
source. The first motor has at least one stationary electromagnet for
driving, when energized, at least one permanent magnet on the rotor and for
producing, when de-energized, a secondary electrical energy. The second
motor is electrically coupled to the first motor for receiving the
secondary electrical energy 3 o from the electromagnets to enhance
rotational speed and torque output power. US Patent 5,514,923 discloses a
DC motor with generator and flywheel characteristics The motor comprises a
rotor having a plurality of permanent magnets, a stator having a plurality
of windings energized by a rechargeable power pack. The motor is operable
simultaneously in a 3 ~ motor-mode, a generator mode and a flywheel-mode.
When energized, the windings repel the respective permanent magnets to
cause the rotor to rotate (motor-mode). When de-energized, the   -2
~mnd~ngs generate electric power when the respectme permanent magnets pass
over Such electric power can be stored and charged back to the rechargeable
power pack, through a control system comprising a generated current sensor,
a current consumption sensor, a rotor position sensor and a microprocessor.
5 In the above patents 5,574,340 and 5,514,923, individual permanent
magnets are mounted 



separately on the rotor disc, therefore the areas between the magnets on
the rotor disc are left without full magnetic coverage.. The interactive
force between the electromagnets and the permanent magnets, which rotates
the rotor, is therefore limited due to the structural constraint of l0 the
permanent magnet arrangement. Since the interactive forces between the
electromagnets and the individual permanent magnets are substantially the
same, attractive or repulsive forces generated contrary to the direction of
rotation must be avoided by using a complicated control system. 15
Additionally, because the same group of windings are alternately used as a
magnetic force generating means and an electric power generating means, the
control system for both energ~zmg / de-energizing the windings and
collecting generated electric power may become overly complex, resulting m
reduced rel~abil~ty. 20 SUMMARY OF THE INVENTION According to one
embodiment of the present invention, a rotating electric machine is
provided. The machine comprises a stator, a rotor and preferably a vacuum
chamber for housing the rotor such that the rotor is rotatable m the vacuum
chamber. The stator includes a first group 2 5 of windings, and the rotor
includes a first corresponding permanent magnet associated with the at
least one group of winding. A rotating electric machine according to the
present invention may be configured to work as an electric motor or an
electric power generator, or both. When worked as an electric motor, the 3
o first group of windings is energizable to become electromagnets) and
interact with the corresponding permanent magnet The rotor ~s therefore
rotatable by these interactwe actions. When worked as an electric power
generator, the rotor rotates so that the mteract~on between the permanent
magnet and the windings generates electr~c~ty. 1n either mode, the rotor is
rotatable m the vacuum chamber therefore the magnetic interactions between
the winding and the permanent 35 magnet can be improved.   -3 Accordingly
tn a first aspect the present invention may broadly be the to li~rther
comprise a power source for selectively energ~zmg the first group of
windings The rotor has an axis of rotation and a first permanent magnet is
a permanent magnet disc orcludmg a fn-st end suriacc adjacent to and facing
the first group of windings; the axis of rotation passing peipend~cularly 5
through the center of the peumanent magnet disc, the first end surface
including a magnetic N-pole and an opposttely S-pole region spaced
diametrically apart from each other across the axis of rotation, such that
the N-pole region and the S-pole region pass sequentially over the ~mdmgs
with rotation of the rotor about the axis of rotation, wherein for each the
N-pole region and S-pole region, at least one of the radial width of the
region and the degree of magnetism of the region vary 10 along the
circumferenhal length of the region, the magnetic field of each N-pole or
S-pole peaking closer to one end than the other. Preferably, the radial
width is greater toward one end than the other. 



15 Alternatmely, the degree of magnetism is higher toward one end than the
other. Preferably, the N-pole and the S-pole regions are substantially the
same shape. Preferably, the N-pole and the S-pole regions cover the full
area of the first end surface of 2 o the permanent magnet disc and more
preferably, the N-pole and the S-pole regions each covers substantially
half of the full area of the first end surface of the permanent magnet
disc. Preferably, the first group of windings further comprises a first
pair of windings, connected m series so as to be opposite polarity when
energized, and the rotating electric machine 2 5 further comprises a first
circuit connecting the first pain of wordings to the power source through a
controller. Preferably, the stator includes a second group of windings and
the rotor further comprises a second permanent magnet associated with the
second group of windings for generating electric 30 power. Preferably, the
stator further comprises of a plurality of groups of electrically
energizable windings and the rotor further comprises a plurality of
permanent magnet discs associated wuth the corresponding windings for
affecting the rotational motion of the rotating electric machine. 35   -4
According to a second aspect of the present invention, there is disclosed a
rotating electric machine compr~smg a stator hamng a group of cods; a rotor
having at least one permanent magnet associated mth the group of coils for
generating electric power when the rotor ~s ~otaOnz Preferably, the group
of coils ~s placed ms~de the vacuum chamber. Alternatmely, the group of 5
coils may be placed outside the vacuum chamber. This invention may also be
the broadly to consist in the parts, elements and features referred to or
indicated m the specification of the application, individually or
collectively, and any or a11 combinations of any two or more of the parts,
elements or features, and where specific 1 o integers are mentioned herein
which have known eqmvalents m the art to which this invention relates, such
known equivalents are deemed to be incorporated herein as if individually
set forth. A rotating electric machine according to the present invention
may generate effective power output with reduced power consumption and
simplified yet reliable controlling system for 15 providing an improved
power source for use m various applications. BRIEF DESCRIPTION OF THE
DRAWINGS Fig. 1 is a partial side elevation m cross section of the rotating
electric machine according 2 0 to a first embodiment of the present
invention, Fig. 2 is a perspective view of the first permanent magnetic
disc of Ftg. 1 showing the different magnetic zones according to the
present invention, 



Fig. 3 is a perspectme mew of the first permanent magnetic disc of Fig. 1
showing the magnetic field strength distnburion according to the present
invention, 25 Fig. 4 is a block diagram showing the control circuit
according to a first embodiment of the present invention, Figs. SA - SF
shows relative positions between the first permanent magnet disc and the
first group of windings and the corresponding positions of the distribution
disc m different moments of a rotation cycle according to the first
embodiment of the present mventton, 30 Fig. G shows a block diagram of an
alternative configuration of the control circuit according to Fig. 3, Figs.
7A - 7F shows various alternatme configurarions of the permanent magnet
disc pattern and the first group of windings according to the present
invention, Fig. 8 is a partial side elevation ~n cross section of the
rotating electric machine with a 3 5 generator assembly according to a
first embodiment of the present invention as shown m Fig. 1,   -5 Ftg. 9 is
a partial side elevation m cross section of the rotating electric machine
acco~dm~ to a second embodiment of the present mvenhon; Ftg. 10 is a
partially cross-sectional bottom view of Fig. 8 showing a first alternatme
configuratton of the electric generation winding, 5 Fig. 11 is a partially
cross-sectional bottom view of Fig. 8 showing a second alternative
configuration of the electric generation winding, Fig. 12 a partially
cross-sectional top view of the distribution disc showing the positions
have the first and the second actuators when the distribution disc is
stationary, Fig. 13 is a partially cross-sectional top view of the
distribution disc showing the early 1 o activation of the switch by the
first actuator when the distribution disc is rotating, and Fig. 14 is a
partially cross-sectional top view of the disfibuhon disc showing the early
deactivation of the switch by the second actuator when the distributor disc
is rotating. DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 15 A
rotating electric machine according to the present invention may be
configured to work as an electric motor or an electric power generator, or
both. When worked as an electric motor, a first group of windings is
energizable to become electromagnets) and interact with a corresponding
permanent magnet. The permanent magnet, which is coupled to a rotor, is
therefore 2 o rotatable by this interactive action. The present invention
may be used both as a motor and an electric power generator. When used as a
generator, the rotor rotates so that the interaction between the permanent
magnet and the windings generates electricity. In either mode, the rotor is
rotatable in the vacuum chamber therefore the magnetic interactions between
the winding and the permanent magnet can be improved. 25 



Fig. 1 shows a rotating electric machine according to a first embodiment of
the present invention. The rotating electric machine comprises primarily a
stator, a power source and a rotor. The rotor comprises a shaft 10, a first
permanent magnet which is a disc 20 mounted on 30 the shaft 10 through a
support disc 30. The support disc 30 is made of non-magnetic material, such
as copper. The rotor shaft l0 is supported by bearings 12 and 14. The
bearings 12 and 14 may be any appropriate type of beating such as normal
ball bearings, magnetic bearings, hydrodynamic bearings or aerodynamic
bearings. At one end of the shaft 10 there is mounted a distribution disc
or commutator 50. Carried by the rotor, the first permanent magnet disc 20
is 35 rotatable along a first circumferential direction 200 about its axis
of rotation 1G (Fig. 2).   -6 The stator comprises of a housing 90, a
housing cover l 00, a first group of wundmgs woth six windings 110A, 110B,
120A, 120B, 130A and 130B (only two windings 1 10.A and I lOB are ShOWIl)
and a disc reader 60. The distr ibution disc ~0 and the disc reader 60
forms a position controller, the function and construction of wh ich shall
be described m detailed later. The. fn-st 5 group of six w indmgs 110A,
110B, 120A, 120B, 130A and 130B are positioned m the housing cover l00 and
adjacent to the permanent magnet disc 20, leaving a gap 102 therebetween.
The first group of six windings 110A, 110B, 120A, 120B, 130A and 130B are
selectively energizaTIe by a power source 80. When energized, the windings
110A, 110B, 120A, 120B, 130A and 130B serve as electromagnets. l0 The first
permanent magnet disc 20 comprises a first end face 22, which faces the
first group of windings 110A, 110B, 120A, 120B, 130A and 130B. The first
end face 22 is comprised of an N-pole and an S-pole, as shown m Fig. 2. The
N-pole and the S-pole are spaced diametrically apart from each other about
the axis of rotation 16. Accordingly, the N-pole and the 15 S-pole are
rotatable with respect to the axis of rotation 16 along a first direction
of rotation 200. Referring to Ftg 2, the N-pole and the S-pole are shaped
with a circular head and an end that tapers along the circumference of the
permanent magnetic disc 20 in the first direction of rotation 200. The
N-pole and S-pole regions each consist of three zones 312, 314, 316 and
322, 20 324, and 326 respectively and collectively referred to as the
N-pole zone (or region) 401 and the Spole zone (or region) 402. The line
400 shows the separation between the N-pole zone 401 and Spole zone 402. In
a preferred configuration, the N-pole and the S-pole are substantially the
same size and shape and cover the full area of the first end face 22 of the
permanent magnet disc 20. The centers 322A and 312A of the two zones 322
and 312 are located at the mid points of the 2 5 radius of the first end
face 22. The ftrst permanent magnet disc 20 is rotatable around axis 16 in
the first direction of rotation 200. Referring to Fig. 3, the direction of
the magnetic field 403 is perpendicular to the first end face 22. The
magnetic field strength of the N-pole zone 401 and S-pole zone 402 is
proportional 3 o to their surface area and/or the degree of magnerism
around a specs fic point. Therefore, the points of strongest magnetism are
located at a point 312A located m zone 312 of the N-pole region 401 and at
a point 322A located in zone 322 of S-pole region 402. The strength of the
magnetic field 403 is weaker at the edges of the N-pole and S-pole zones
401 and 402 than at the point's 322A and 312A. Therefore, moving along
clockwise along the cu~cumferential length 412 of the N-pole 35 region 401
and the S-pole region 402, the strength of the magnetic field decreases as
the radial width 422 (and therefore, surface area of the zone around a
specific point) of the N-pole region   40l and S-pole region 402 dccreasc
Therefore, a first end 401A, 402A of each of the N-pole region 401 and
S-pole region 402 possess a degree of magnetism stronger than a second end
401 B, 402B. The regions 312, 314, 31 G, 322, 324. and 32G (refer to Ftg 2)
can be further illustrated by their respective magnetic strengths H312,
H314, H316, H322, H324, and H32G. The magnetic 5 field strengths of all the
zones are configured m the following fashion: H312 > H314 > H31 G and H322
> H324 > H326. Reference is now made to Fig. 4. The first group of six
windings 110A, 110B, 120A, 120B, 130A and 130B are electrically connected
in pairs 110A and 110B, 120A and 120B, 130A 10 and 130B. The disc reader is
comprised of three switches 3l0, 320 and 330, which will be turned "OFF"
when the distribution disc 50 passes therethrouth, and will be turned "ON"
to the contrary. The distributor disc 50 comprises a first trigger 52 for
turning the switches 310, 320 and 330 from an "OFF" state to an "ON" state,
and a second trigger 54 for turning the switches 310, 320 and 330 from an
"ON" state into an "OFF" state. The first trigger 52 and the second trigger
54 are 15 positioned I20-degrees apart. The distribution disc 50 is mounted
on the same axis 16 with the first permanent magnet disc 20 and both follow
the same direction of rotation 200. The switches 310, 320, and 330 may be
mechanically controlled, light sensing, or any other type of switch that is
triggerable between an "OFF" and "ON" state by the distribution disk 50. 2
0 A first circuit 210 connects the power source 80, the first pair of
windings I 10A, 11 OB and the first switch 310 in series. Likewise, a
second circuit 220 connects the power source 80, the second pair of
windings 120A, 120B and the second switch 320 in series; a third circuit
230 connects the power source 80, the third pairs of windings 130A, 130B
and the third sensor 330 in series. 25 The first pair of windings 110A,
110B are wound so when energized, the winding 110A becomes an electromagnet
with its N-pole facing the primary N-zone 312 of the first permanent magnet
disc 20 at the center point 312A, and winding 110B becomes an electromagnet
with its Spole facing the primary S-zone 322 of the first permanent magnet
disc 20 at the center point 322A. 30 As the first pair of windings 110A, 1
lOB are respectively aligned with the center points 312A, 322A of the
N-pole and the S-pole at the time of start, repulsive forces between the
wording 110A and the primary N-pole zone 312, and the winding 110B and the
primary S-pole zone 322 will be in the direction substantially
perpendicular to the first surface of the first permanent magnet 35 disc 20
therefore it will not cause the permanent magnet disc 20 to rotate. The
magnetic strength of both the N-pole zones 312, 314, 31G and the S-pole
zones 322, 324, 32G are une~~enly 



_g_ d~str~buted, thus repulsme forces wall be generated between the mndmg 1
10.A and the secondary N-zones 314, 31 G, and the mndmg 1 1 OB and
secondary S-zones 324. 32G. These forces drive the permanent magnet disc 20
to rotate m the d~rechon of rotation 200 5 Immediately after the start of
rotation of the permanent magnet disc 20, the first pair of windings 110A,
110B become un-aligned with respect to the primary N-zone 312 and the
primary S-zone 322. Stronger repulsive forces mll be generated between the
winding TTUA and the primary N-pole zone 312, and winding 110B and the
primary S-pole zone 322, which will accelerate the rotation of the
permanent magnet disc 20. l0 Reference is now made to Fig. 5. The first
pair of windings 110A and 110B remains energized until the permanent magnet
disc 20 rotates clockwise to the 120-degree position from the starting
position, the 0-degree position. During this period, as shown m position
SB, one sample position between 0 and 120-degrees, rotation of the
permanent magnet disc 20 is effected 15 by the repulsive forces between the
winding 110A and N-pole zone 401, winding 110B and S-pole zone 402, and the
simultaneous attractive forces between the winding 110A and the S-pole zone
402, winding 110B and the N-pole zone 401. Although the permanent magnet
disc 20 m this embodiment of the present invention rotates clockwise, one
of skill in the art may reorient the magnet disc and corresponding windings
to rotate anti-clockwise. 20  Upon reaching position SC, the 120-degree
position, the second trigger 54 turns off the first switch 310 whereby
opening the first circuit 210 and simultaneously, the first trigger 52
turns on the second snitch 320 to close the second circuit 220, refer to
Fig. 4. The first pairs of windings 110A, 110B are de-energized and the
second pair of windings 120A, 120B are energized. 2 5 Subsequently,
magnetic interaction occurs between the second pair of windings 120A, 120B
and the N-pole and S-pole zones 401 and 402 of the permanent magnet disc 20
as m the same manner as illustrated above, which drives and accelerates the
permanent magnet disc 20 to rotate continuously. 30 When the permanent
magnet disc 20 reaches position SE, the 240-degree position, the second
switch 320 ~s deactwated and opens the second circuit 220. The third switch
330 is actmated and closes the third circuO 230. The magnetic forces
generated between the third pair of w~ndmgs 130A. 130B and the N-pole and
the S-pole zones 401 and 402, cause the permanent magnet disc 20 rotate
continuously. A rotation cycle is completed once the permanent magnet disc
35 20 and the distribution disc 50 returns to the 0-degree position, refer
to Fig. SA. The permanent magnet disc 20 combined with other parts of the
rotor have a certain mass, this results m an inertia   -9 momentum which
assists the rotation of the pci-inanent magnet disc 20 The above opeiatron
cycle is repeated so that the permanent magnet disc 20 rotates continuously
Fig 6 shows a single-phase rotating electric machine. It is comprised of
one pair of 5 wnidmgs 110A. 110B, a power source 80, a first switch 310 and
associated distriburion disc 50. The operation of this circuit is similar
to that described in Fig. 4, only simpler. Specifically there is one
circuit with one set of control mechanisms as opposed to three in Fig. 4.
Fig. 7A-7F shows alternate configurations of the N-pole and S-pole zones
401 and 402 of 10 the permanent magnet disc 20 and the first group of
windings 110A, 1 lOB, 120A, 120B, 130A and 130B. Fig. 7A shows a
configuration having a different number and shape of the first group of
windings 110A, 110B, 120A, 120B, 130A and 130B. In particular the number of
windings has 15 increased from six to ten and their shape has been modified
to resemble a polygon 405A-405J. The N-pole and S-pole zones 401 and 402 on
the permanent magnet disc 20 remain the same. Fig. 7B shows the N-pole and
S-pole zones 401 and 402 towards the outer edge of the permanent magnet
disc 20. This leaves the center of the permanent magnet disc 20 with an 2 0
unmagnetized region. The two zones 401 and 402 cover substantially less
than the full area of the first end face 22 of the permanent magnet disc
20. Fig. 7C shows the N-pole and S-pole zones 401 and 402 towards the
center of rotation of 



the permanent magnet disc 20, leaving the absolute center and outer edges
of the permanent 2 5 magnet disc 20 in an unmagnetized state. The two zones
401 and 402 cover substantially less than the full area of the first end
face 22 of the permanent magnet disc 20. Fig. 7D shows the N-pole and
S-pole zones 40l and 402 towards the outer edge of the permanent magnet
disc 20 but with the tapering end of each zone 401 and 402 following the
axis 30 of rotation of the centers of the windings 11 OA, 110B, 120A, 120B,
130A and 130B. The two zones 401 and 402 cover substantially less than the
full area of the first end face 22 of the permanent magnet disc 20. Pig. 7E
shows the N-pole and S-pole zones 401, 402 as acute regions with the outer
edge 35 of the regions 401 and 402 following the edge of the permanent
magnet disc 20. The two zones 40l and 402 cover substantially less than the
full area of the first end facc 22 of the permanent   - 10 magnet disc 20
The degree of magnetism on regions 401 and 402 vary along the direction
200, and in a preferred example, the degree of magnetism is decreased from
one end 401 A to another end 401 B, and from one end 402A to another end
402B, respectively. The degree of magnetism may be adjusted based on the
strength of the magnet. 5 Fig. 7F shows two sets of N-pole and S-pole zones
labelled 406A, 406B and 407A, 407B. These zones 406A, 406B, 407A and 407B
are substantially the same size`and shape as those discussed m Fig 7E. The
degree of magnetism distribute in the similar way as that under Fig. 7E. l0
Figs. 8 and 9 show an alternative configuration to Fig 1. Each
configuration has the addition of a generator (description follows) whereby
the electricity generated may be directed back to the power source 80 for
recharging purposes or other purposes. Fig. 8 shows a rotating electric
machine with a second permanent magnet disc 70 mounted 15 on the rotor and
a second group of windings 170 mounted on the stator. Rotating with the
rotor, the second permanent magnetic disc 70 and the second group of
windings 170 work as a generator. The electricity generated may be directed
back to the power source for purposes such as recharging. The housing 90
and the housing cover 100 may be fixed together tn an airtight manner to
form an Isolated chamber for containing the rotor assembly. The air m the
isolated chamber 20 may be exhausted so that a vacuum chamber 95 may be
obtained. This minimizes the undesirable effect of air resistance on the
rotor during rotation and improvement of magnetic interaction between the
second permanent magnet disc 70 and the second group of w endings l70. In
this configuration shown in Fig. 9, a single magnet disc 71 is used. The
magnet disc 71 2 5 comprises an annular recess 72 for receiving the second
group of windings 170. Magnetic interaction between the second permanent
magnet disc 70 and the second group of windings l70 may be improved under
this configuration. Fig. 10 and 11 show alternative configurations for the
second group of windings 170. 30 They may be in the form of a plurality of
windings 170A-170F as shown in Fig. 10, or a single wtndmg 174 as shown in
Fig. 11. These windings 170 and 174 may be placed inside the vacuum chamber
95 or alternatively, outside the vacuum chamber 95 to enable external
cooling. In the configuration shown in Fig 10, the group of windings l70 is
in the form of a 



35 plurality of windings 170A-170F.   Fig. 1 1 shows the mndmg l74 taking
on a single locus-shaped configuration. Fig 12 shows an alternatme
configuration of the distr~but~on disc 50. which further comprises a first
actuator 152 and a second actuator 252. The first actuator 152 is mounted
onto 5 the distribution disc 50 through a first pivot 154 and ~s rotatable
thereabout between a first normal position 156 and an advance-activating
position 158 (shown as dashed contour line 159). The second actuator is
mounted onto the distribution disc 50 through a second pivot 254 and is
rotatable thereabout between a second normal position 256 and an
advance-deacrivatmg position 258 (shown as dashed contour hne 259). The
first and the second normal positions are 120-degree 1 o apart. To
correspond to this configuration, the first trigger 52 is positioned at the
advance activating position 158. Under this configuration, the first and
second triggers 52 and 54 are positioned more than 120-degree apart. When
the rotor is not rotating (Fig. 12), the first actuator l52 is biased
against a first 15 normal posirion stopper 151 by a first resilient member
(not shown). The second actuator is biased against a second normal position
stopper 25l by a second resilient member (not shown). When rotated w ith
the distribution disc 50 (F~g. 13), a first centrifugal force 157 will
cause the first actuator 152 to rotate towards its advance-activation
position stopper 153. The result of which will cause early activation of
the first switch 310. This configuration may be useful for power sources, 2
0 which requires certain lead-time from start before reaching the maximum
level of power output. Likewise, when rotated with the distribution disc 50
(Fig. 14), a second centrifugal force 257 will cause the second actuator
252 to rotate towards its advance-deactivation position stopper 253. The
result of which will cause early deactivation of the first switch 310. This
configuration 2 5 may be useful for energy-saving purposes, as when the
rotor rotates under a certain level of speed, the inertial momentum will
contribute to the rotation of the rotor. It should be appreciated that the
configurations and structures of the rotating electric machine above are
for illustrative purposes only. Variations and modifications may be made 30
under the same inventive concept without departing fi-om the following
clams. For example, the N-pole and the S-pole of the first permanent magnet
disc may be m a unique shape along the direction of rotation 200 (Pig. 7E
and Fig. 7F), but with an unevenly arranged magnetic field strength
distribution along the direction of rotation 200. The first group of
windings may have more windings or in different shape, for example the
wordings 405A-405J shown in Fig. 7A.   -12 CLAII\~'IS 1 A rotating electric
machine comprismg~ a stator having a fwst group of mndmgs; 5 a power source
for selectively energ~zmg the first group of windings; and a rotor having a
first permanent magnet to be magnetically coupled with the first group of
windings, wherein the rotor includes an`axis of rotation that passes
perpendicularly through the center of the first permanent magnet and
wherein the rotor is to rotate the first permanent magnet about the axis of
rotation. 10 2. The rotating electric machine of claim 1, wherein the first
permanent magnet is a permanent magnet disc, wherein the permanent magnet
disc includes a first end surface 



adjacent to and facing the first group of windings, the first end surface
including a magnetic N-pole region and an oppositely magnetic S-pole region
located diametrically 15 apart from each other across the axis of rotation
such that the N-pole region and the S-pole region pass sequentially over
the first group of windings mth rotation of the rotor about the axis of
rotation. 3. The rotating electric machine of claim 2, wherein for each of
the N-pole region and S-pole 2 o region, at least one of a radial width of
the region and a degree of magnetism of the region varies along a
ctrcumferential length of the region. 4. The rotating electric machine of
claun 2, wherein the N-pole region and S-pole region includes a first end
and a second end, wherein the degree of magnetism is higher towards a 2 5
first end relatwe to a second end and wherein the radial width is greater
towards the first end relative to the second end. 5. The rotating electric
machine of claim 4, wherein the N-pole region and the S-pole region are
substantially the same shape. 30 G. The rotating electric machine of claim
4, wherein the N-pole region and the S-pole region cover the full area of
the first end surface of the permanent magnet disc. 7. The rotating
electric machine of any one of clams 4, 5 or G, wherein each of the N-pole
35 region and the S-pole region covers substantially half of the full area
of the first end surface of the permanent magnet disc.   -13 8. The
rotating electmc machine of clann 2, w-herem the first group of w-ordmgs
further comprises a fwst pair of windorgs, connected m series to be m
opposite polarity when energised, and the rotating electric machine further
comprises a first cwcmt connecting the 5 first pair of windings to the
power source through a controller. 9. The rotating electric machine of
claim 8, wherein the controller further comprises: at least one switch
mounted on the stator; and a distribution disc mounted on the rotor and
rotatable theretogether relative to the at l0 least one snitch, the
distribution disc having a first trigger for activating the at least one
switch when the peak magnetic field of the N-pole region passes over one of
the first pair of wmdorgs, and a second trigger for deactivating the at
least one switch before the peak magnetic field of the N-pole region passes
over the other one of the first pair of windings. 15 10. The rotating
electric machine of claim 8, wherein the first trigger further comprises a
first actuator, the first actuator being movable between a first normal
position when the d~stnbution disc is not rotating, and an
advance-actmating position when the distribution 



disc is rotating under a predetermined rotational speed for earlier
activating the at least one 20 - switch. 11. The rotating electric macll~ne
of claim 8, wherein the second trigger further comprises a second actuator,
the second actuator being movable between a second normal position when the
distmbuhon disc is not rotating, and an advance-deactmatmg position when
the 2 5 distribution disc is rotating under a predetermined rotational
speed for earlier deactivating the at least one switch. 12. The rotating
electric machine of claim 8, wherein the first group of windings further
comprises a plurality of the pairs of windings and the rotating electric
machine further 30 comprises a plurality of corresponding circuits
connecting the respective plurality pairs of wmdorgs to the power source
through a pluraUty of switches of the controller. 13. The rotating elechnc
machine of claim 1, wherein the first permanent magnet is rotatable
relative to the first group of wordings for generating electric power. 35
14. The rotaOng electric machine of claim 13, whcrem the larst group of
windings are placed inside a vacuum chamber 15 The rotaring electric
machine of clam 13, wherein the first group of w indmgs are placed 5
outside the vacuum chamber. 16. The rotating electric machine of claim 13,
further c`omprismg a second permanent magnet to be magnetically coupled
with a second group of windings, wherein the second permanent magnet
includes a recess for receiving the second group of windings. 10 17. The
rotating electric machine of claim 11, wherein the plurality of the pairs
of windings are positioned around the circumference of the permanent
magnetic disc along the direction of rotation. 15 18. The rotating electric
machine of claim 2, wherein the stator further comprises of a plurality of
groups of electrically energizable windings and the rotor further comprises
a plurality of permanent magnet discs to be magnetically coupled with the
con-espondmg windings for affecting the rotational motion of the rotating
electric machine. 20 19: A rotating electric machine of claim 1, wherein
the. degree of magnetism of the each the N-pole region and S-pole region
substantially decreases along their circumferential length, the magnetic
field peaks closer to a first end than a second end of each of the N-pole
region and S-pole region. 25 



20. The rotating electric machine of claim 19, wherein the radial width of
the N-pole region and the S-pole region decreases along their
circumferenhal length. 21. The rotating electric machine of claim 19,
wherein the N-pole region and the S-pole region 30 each cover's
substantially half of the. full area of the first end surface of the
permanent magnet disc. 22. A rotating electric machine, comprising: a
stator having a first group of wordings; 35 a power source for selectively
energizing the first group of windings; and   -15 a rotor having a tirst
permanent magnet to be magnetically coupled with the first group of
vvmdtngs) ve~here~n the first pet7nanent magnet is a permanent magnet disc
havlllg a first cnd SLlrtaCC 1I1C1L1d1Ilg a magnetic N-pole region and an
oppos~tely magnetic S-pole region; and 5 a vacuum chamber for housing the
rotor. 23. A rotating electric machine of clann 22, whereWe permanent
magnet disc has an axis of rotation that passes through the center of the
permanent magnet disc and wherein the magnetic N-pole region and the
magneric S-pole region are spaced diametrically apart 10 from each other
across the axis of rotation such that the N-pole region and the S-pole
region pass sequentially over the first group of windings with rotation of
the rotor about the axis of rotation. 24. A rotating electric machine of
claim 23, further comprising a second group of windings 15 wherein the
second group of windings is to generate electric power with the rotation of
the rotor. 25. A rotating electric machine of claim 24, wherein the second
group of windings is magnetically coupled to the first permanent magnet. 20
2G. A rotating electric machine of claim 24, wherein the second group of
windings is magnetically coupled to a second permanent magnet, wherein the
second permanent magnet is separated from the first permanent magnet. 2 5
27. The rotating electric machine of claim 23, wherein for each the N-pole
region and S-pole region, at least one of a radial width of the region and
a degree of magnetism of the region vary along a circumferenttal length of
the region. 28. The rotating electric machine of claim 23, wherein each of
the N-pole region and S-pole 30 region Includes a first end and a second
end, wherein the degree of magnetism is higher towards the first end
relative to the second end and wherein the radial width is greater towards
the first end relative to the second end. 



.AS`.A,(&%.A@99.A@U9.A@[L.AS9.A@sY.A@.AS&.A@.9.A@y.A@.A@9L.A@&%.A,& $;Qa<1K
_  s26U e g
|wrmhc^Y]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]c<a!y?_?[L+d#v1}xsnid_Z]]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca!@R#M) [
!v!!9""4#V###@$}$%w%%%}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!%B&&&''(f(j((N)))*+
v++(,Z,],,-0..P/r/u//000F11[22}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!22557#;>@@D
FFGGIII)JJJOOQ;
RTT8U~UU4VVVDWW}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!WX]XXYjYY)Z\ZZ[t[[\o\\+]E]
]]b^h^__`~aabbccdece}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!ceefFfffWggh)huhh*iik
jkkkl;
nn\ookppqqrrs0sXsss}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!sttt7uuu9vvwgwwwVxxy1y
yyyz[zz{;
{@{{{I||}j}}~}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!~~CQ^f;
BH`5`&w}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!$'&;@;0:P
Bw5hx}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!x'&;@;0:P
Bw5hx}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca$;
fH*&10%&'()-&10%&'()-f%10%&'()-Ly@10%&'()-
#10%!!&'()-Y,10%&'()-f#`10%&'()-Qa<iJ+S$"10%&'()-m"10%&'()-ffS&10%&'()-&S10
%&'()-&Z"10%&'()-&SZ"10%&'()-y&10%&'()-1K
dE+S$"10%&'0F"10%&'()-S/Y"10%&'()--Y"10%&'()-S,&10%&'()-,)10%&'()-'10%&'()-
_  s/01dE:/ 10
10`<F"10%&'()-S:%10%&'()-s9F"10%&'()-7l"10%&'()-6F10%&'()-S310%&'()-126U e
g  xY:/ 1010%&'()-y`10%&'()- y10%&'()-SF"10%&'()-fF"10%&'()-Sl&10%&'()- 10
y?dE:/
10S10%&'()-@3"10%&'()-SS%10%&'()-@Y"10%&'()-F"10%&'()-@F"10%&'()-_?[dE:/
10'm10%&'()-@$Y10%&'()-! 10%&'()-, G"10%&'()-G"10%&'()-@,%10%&'()-qLaB:/
10,s3%10%&'()-14"10%&'()-s0m10%&'()--`10%&'()-,)%10%&'()-!,)%10%&'()-+xmbC
10l910%&'()- 10 10 10,:`10%&'()-L94"10%&'()-74"10%&'()-4G"10%&'()-@d#dEmbC 



10l"10%&'()-ffm%10%&'()-F"10%&'()-fF"10%&'()-Y"10%&'()-ym10%&'()-v1dEmbC
10,#10%&'()-@ &10%&'()-S@!10%&'()-@z10%&'()-S10%&'()-S%10%&'()-@RdEmbC
10-10%&'()-@,%10%&'()-*G"10%&'()-)m10%&'()-,&10%&'()-@$%10%&'()-#MdEmbC
10s9m10%&'()-74"10%&'()-s6m10%&'()-@310%&'()-24"10%&'()-010%&'()-) bC
10m"10%&'()-Y"10%&'()-ffm10%&'()-910%&'()- 10 10 10@;10%&'()-) [
!v!!9""a?bC
10!@Y"10%&'()-fS`!10%&'()-S&10%&'()-SY"10%&'()-!S,&10%&'()-ffg10%&'()-"4#V#
##@$}$dEbC 10!'10%&'()-,&10%&'()-@$L10%&'()-,#10%&'()-@
S10%&'()-S@910%&'()-}$%w%%%B&&aBbC
10!2'10%&'()-0Z"10%&'()-/m10%&'()--m10%&'()-@,&10%&'()-!,)Z"10%&'()-T&&''(c
(d(e(f(aVK@ 10! 10 10
10@:$10%&'()-`910%&'()-!s6G"10%&'()-S510%&'()-@3&10%&'()-f(j((N)))*aBVK@
10!
10%&'()-y%10%&'()-&10%&'()-yl10%&'()-!&F"10%&'()-@L10%&'()-**+v++(,Z,}^?VK@
1010%&'()-y10%&'()-S10%&'()-fM!10%&'()-!S$10%&'()-!S$10%&'()-Z,],,--0..aBVK
@ 10@&F"10%&'()-@!&10%&'()-!@!&10%&'()-S
Y"10%&'()-10%&'()-Sy10%&'()-.P/r/u//000dEVK@
10210%&'()-,/!10%&'()--10%&'()-@@,10%&'()-*10%&'()-'F"10%&'()-g0F11[222222u
j_@ 10910%&'()- 10 10
10@:"10%&'()-9Z"10%&'()-6Z"10%&'()-S!N@3%10%vv&'()-f2<4551778z[9j_@ 10!S@
&10%hh&'()-fS%10%N&'()-!fS%10%cc&'()-fy&10%1#&'()-!fy&10%hh&'()-!fy&10%qq&'
()-8:#;;=>>>wUG9@ 10 10hh
10hh!ES0%10%hh&'()-!OS0%10%^^&'()-!S0%10%hh&'()-!ES@ &10%hh&'()-!NS@
&10%hh&'()->>@@.ACDiG9@ 10
10hh!Xf%10%hh&'()-!Sf%10%qq&'()-!f%10%&'()-!4%10%&'()-!9%10%&'()- 10hhD
FFGGIII}[9+@
10{{!S@5%10%{{&'()-S!@5%10%{{&'()-S@310%&'()-!-Z"10%&'()-@@$&10%;
#&'()-!O@$&10%&'()-IIII)JJJkLgE@
10{{!S@!@,@&10%&'()-"&,10%&'()-&F"10%&'()-&@F"10%&'()-10%&'()- 



10{{ 10{{kLMOOQ;RTzX6E@
10{{!N@L3&10%&'()-!N@,@&10%&'()-"!@,@&10%&'()-"@,@&10%^&'()-"!X@,@&10%&'()-
"!S@,@&10%&'()-"TTTTTT8U~UUuV70{{!10%&'()-910%&'()-9fG"10%&'()-&10%&'()- 10
10
10!S@L3&10%&'()-U4VVVDWWXaBuV70{{!,t10%&'()-!Ey%10%qq&'()--@10%&'()-&@f10%M
&'()-&Z"10%&'()-@%10%&'()-X]XXYjYY)ZdEuV70{{!S$%10%&'()-#10%&'()-!10%&'()-@
10%&'()-f,M$10%&'()-
10%&'()-)Z\ZZ[t[[\dEuV70{{!`010%&'()-s-10%&'()-S+%10%&'()-s*10%&'()-)10%&'(
)-&@10%&'()-\o\\+]E]]]dEuV70{{!S:$10%&'()-L910%&'()-`6L10%&'()-410%&'()-S`3
9$10%&'()-1s!10%&'()-]_^`^a^b^h^__`b@0{{!!@#10%&'()-S`10%&'()-&@M!10%&'()-S
F10%&'()- 10 10 109<
10%&'()-`~aabbccaBb@0{{!!#Y"10%&'()-Y"10%&'()-S&10%&'()-10%&'()-10%&'()-!Of
%10%qq&'()-TcdeceefFfaBb@0{{!!.10%&'()-`-3"10%&'()-@+&10%&'()-`*Z10%&'()-s'
10%&'()-!E@s$&10%&'()-fFfffWggh&h'h(hdE:/ 10
10@:L10%&'()-9910%&'()-96910%&'()-4!10%&'()-@L3s$10%&'()-1z10%&'()-(h)huhh*
iikjkuV7/
10f%10%&'()-@Y"10%&'()-!9f%10%&'()-S&F"10%&'()-fl10%&'()-y10%&'()- 10jkkkl;
nn\oa?7/ 10!'F"10%&'()-gS$$10%&'()-Y"10%&'()-S!f%10%&'()-f
10%&'()-SF"10%&'()-\ookppqqrr^?4/ 10
10s6G"10%&'()-!S@s3%10%vv&'()-f1G"10%&'()-0m10%&'()-!I@,%10%&'()--*F"10%&'(
)-rrrrs0sXsssmN/Y 10%&'()-, 10%&'()-Y
10%&'()-9,m10%&'()-&@s10%&'()-F10%&'()- 10 10sttt7uuudEmN/Y
10%m10%&'()-10%&'()-3"10%&'()-f10%&'()-10%&'()-10%&'()-gu9vvwgwwwaBmN/Y
10%%z10%&'()-@s$&10%&'()-"3"10%&'()-
10%&'()-!S%10%AA&'()-Sm10%&'()-wVxxy1yyydEmN/Y 10%1S10%&'()-L0G"10%&'()-L-
10%&'()-@+%10%&'()-`*m10%&'()-(G"10%&'()-yyz[zz{8{9{:{dE:/ 10 10&<
10%&'()-@:%10%&'()-&94"10%&'()-9610%&'()-4G"10%&'()-@`310%&'()-:{;
{@{{{I||}xY7/
10!<@310%&'()-Sf10%&'()-m10%&'()-fm10%&'()-&F"10%&'()-F910%&'()-
10}j}}~~CdE7/ 10!<@3, m10%&'()-3"10%&'()-SS10%&'()-@10%&'()-Sf%10%&'()-F
S10%&'()-Q^fdE7/
10!<@3*m10%&'()-)m10%&'()-'3"10%&'()-@$10%&'()-,#10%&'()-!10%&'()-f;BdE7/ 



10!<@3410%&'()-@s3&10%&'()-110%&'()-03"10%&'()--10%&'()-@,%10%&'()-BH`bC
10!<@10%&'()-9S3"10%&'()- 10 10 10@:10%&'()-`9S10%&'()-73"10%&'()-`5aBbC
10!<&,3"10%&'()-f10%&'()-@10%&'()-!H&@F"10%&'()-S@
10%&'()-93"10%&'()-5`&waBbC 10!<3 &10%&'()-@$10%&'()-
10%&'()-S!~S&10%KK&'()-g, 10%&'()-10%&'()-w$'dEbC
10!<.10%&'()-s-G"10%&'()-@,10%&'()-*f10%&'()-)10%&'()-'10%&'()-&89aB7C 10
10@L99!10%&'()-T!@L99!10%``&'()-T710%&'()-4Z10%&'()-@`3%10%&'()-1G"10%&'()-
9:;@;WjKC 10 10s10%&'()-S!s10%&'()-S10%&'()-SY S10%&'()-F&10%&'()- 10
100:PaBKC 10
10F"10%&'()-10%&'()-@m10%&'()-S%10%&'()-@10%&'()-!4@Y"10%&'()-S Bw^?KC 10
10)`10%&'()-!0&3"10%&'()-f@$10%&'()-!0!3"10%&'()-g10%&'()-S,%10%&'()-w5hxdE
KC 10
104m10%&'()-@`3%10%&'()-14"10%&'()-.10%&'()--Z10%&'()-,,&10%&'()-xxdEKC 10
104m10%&'()-@`3%10%&'()-14"10%&'()-.10%&'()--Z10%&'()-`6310%&'()- Normal"
"Heading 13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c" "Heading 53]c"
"Heading 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A "Default
Paragraph Font1e%/;FQa[(eo:x:%2Wces~xYZ[\]^_`abc 1 )
"}$&f(*Z,.028>DIkLTUX)Z\]`cFf(hjk\orsuwy:{}fB`5w9wxdefghijklmnopqrstuvwxyz{
|}~6Times New RomanArialCourier New"h Root EntryWordDocumentD
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~ 


