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(57) Abstract: An electric power generator for generating a substantially constant frequency output from a varying mechanical
speed input such as from a wind or water turbine, comprises a three-phase induction machine in which at least one stator winding is
magnetically and electrically decoupled from at least one other stator winding which is arranged to be connected to an external load,
w= and a power source is arranged to excite said at least one stator winding with an AC current at a desired output frequency. The power
& generator can be directly connected to the mains grid without requiring a power electronics rectifier and inverter stage to convert the

generator output to constant frequency AC.
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“AN ELECTRIC GENERATOR”

FIELD OF THE INVENTION
The invention generally relates to electric power generation and particularly to generating power
using an induction machine where the mechanical input speed may vary, such as 1n a wind or

hydro driven generator, to provide a constant frequency electrical output.”

.BACKGROUND OF THE INVENTION

In general in'an induction machine used as a generator, the frequenéy of the alternating electrical
current generated varies with rotor speed. In applications where the speed at which the rotor is
driven can vary, such as with varying wind speed in a wind power generator or turbine, or where
power is generated from a varying speed water flow, the output power frequency will vary unless
this 1s addressed in the generator or turbine design. '

‘The use of small generators (sometimes called micro-turbines) driven by wind or hydro
power is increasing, for power generation at a domestic or small agricultural or industrial scale
for example; but uptake is subjecﬁ to factors including the initial installation cost to the home or
small eﬁterprise. A v

A houséhold or small enterprise utilising local scale power generation often has the
option of feeding excess power back mto the main electric power distribution grid. Power fed
mto the grid must be at mains frequency. .

AC voltage with variable frequenéy can be rectified to DC and then inverted back to
constant frequency AC voltage to produce AC power. This however requires an additional
power electronics stage at the output of a generator, which increases complexity and/or-cost.
Alternatively a constant spéed rhechanical drive can be used but at the expense of not being able
to extract maximum possible energy that 1s a{faﬂable. Alternatively. again a doubly fed induction
machine can be used. An exciting frequency which vaties with rotor speed is fed to the rotor in
such a way that a constant frequency of AC is output by the machine. This also requires more

sophisticated electronics, for providing the varying frequency current to the rotor.

SUMMARY OF INVENTION

It is an object of the invention to provide an improved or at least alternative AC electric

generator. Particulatly, the invention provides an electric power generator suitable for smaller

scale, local power generation, which can provide a constant frequency output with a varying

mechanical input drive speed to the generator. Typically the generator can be implemented

- utilising a relatively low cost standard de'sign‘three phase squitrel cage induction machine.
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In broad terms in one aspect the mnvention comprises an electric power generator for
generating a substantially constant frequency output from a varying mechanical speed input,
comprising a three-phase induction machine with a rotor and a stator, the stator comprising
three windings, in which a first winding is magnetically and electrically decoupled from second
and third windings, the second and third windings are connected m series to be connected to an
external load, and a power source is arranged to excite the first stator winrding with an AC
current at a desired output frequency.

In this first aspect of the invention, preferably in one form the exciting power source
for the first stator winding comprises an AC inverter arranged to convert DC from a battery or
capacitor bank to AC at the output frequency. ‘

In this first aspect of the invention, preferably in one form the exciting powef source
for the first stator winding compriseé a rectifier and battery or capacitor bank arranged to
convert an alternating current from the generator to DC for recharging the battery or capacitor
bank.

In this first aspect of the invention, preferably in another form the exciting power
source for the first stator winding comptises a rectifier-inverter arranged for bi-directional power
flow between a battery or capacitor bank and the first stator winding for both exciting the first
stator winding at the output frequency and recharging the battery or capacitor bank.

» In broad terms in a second aspect the invention comprises an electric power generator
fot generating a substantially constant frequency output from a varying mechanical speed input,
comprising a three-phase induction machine with a rotor and a stator, the stator comprising |
three windings, in which first and second windings are magnetically and electrically decoupled
from the third winding, the third w_inding' to be conn_ected to an external load, and a power
source 1s arrangéd to excite the first and second stator windings with an AC current at a desired
output frequency. | | |

In this second aspect of the invention, preferably in one form the exciting power source
for the first and second stator windings comprises an AC inverter arranged to convert DC from
a battery or capacitor bank to AC at the output frequency.

In this second aspect of the invention, preferably in one form the exciting power source
for the first and second stator windings comprises a rectifier and battery or capacitor bank
arranged to convert an alternating current from the generator to DC for recharging the battery
or capacitor bank.

' In this second aspect of the invention, preferably in another form the exciting power
source for the first and second stator windings comprises a rectifier-inverter arranged for bi-

directional power flow between a battery or capacitor bank and the first stator winding for both
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exciting the first stator winding at the output frequency and recharging the battery or capacitor
bank.

In both aspects of the invention, preferably the rotor is a squirrel cage rotor.

In both aspécts of the invention, preferably in one form, the generator is part of a wind
turbine. -

In both aspects of the invention, preferably in another form, the generator is part of a
hydro turbine. |

In broad terms in a further aspect the invention comprises a method of generating
electric power of substantially constant frequency single phase output from a varying mechani;al
speed input, comprising rotating with a varying speed the rotor of a three-phase induction*
machine while exciting at least a first stator winding, which is magnetically and electricélly
decoupled from at least one other stator winding, with an AC current at a desired output
frequency, and taking power from at least said one other stator winding.

In broad terms in a further aspect the invention comprises an electric power generator
for generating a substantially constant frequency three phase output from a varying mechanical
speed input, comprising three stators or sets of stator windings of‘three three-phase cage
inductioﬁ motors, each cbmprising thrée stator windings, in which at least one 'Winding of each
stator or set of stator windings is magnetically and electrically decoupled from at least one other
winding and in which in each stator at least one other winding is arranged to be connected to an
external load, and a power source or sources is or are arranged to excite said at least one winding .
of a first of said stators or sets of stator windings with an AC current at a desired oufput
frequency and with a first phase, sa_id at least one winding of a second stator or sets of stator
windings with an AC cutrent at said desired output frequency and with a second phase, and said
at least one winding of the third of said stators or sets of stator windings with an AC current at
said desired output frequency and with a thlrd phase. '

In one form one winding of each stator is magnetically and electrically decoupled from
two other windings of the stator or set of stator windings which are connected in series and

arranged to be connected to an external load, and said power source or sources is or are arranged

_ to excite said one winding of a first stator or set of stator windings with an AC current at a

desired output frequency and with a first phase, said one winding of a second stator or set of
stator windings with an AC current at said desired output frequency and with a second phase,
and said one winding of the third of said stators or set of stator windings with an AC current at

said desired output frequency and with a third phase.
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In another form two windings of each stator or set of stator windings are magnetically
and electrically decoupled from a third winding of the stator which is arranged to be connected
to an external load, and said power source or sources is or are arranged to excite said two
windings of a first stator or set of stator windings with an AC current at a desired output
frequency and with a first phase, said two windings of a second stator or set of stator windings
with an AC current at said desired output frequency and with a second phaée, and said two
windings of the third of said statots or set of stator windings with an AC current at said desired
output frequency and with a third phase.

In broad terms in a further aspect the invention comprises 2 method of generating
three phase electric powef of substantially constant frequency output from a ‘varying mechanical
speed input, comprising rotating with a varying speed the rotor(s) of a three-phase induction
machine comprising three stators or three sets of stator windings, while exciting at least a first
winding of a first stator or set of stator windings with an AC current at a desired output
frequency and with a first phase, and taking a first output power phase from at least one other
stator winding of said first stator or set of stator windings, said first winding of said first stator
or set of stator windings being magnetically and electrically decoupled from said at least one
other wiﬁding, exciting at least a first Wmdlng of a second stator or set of stator Windings with
an AC current at a desired output frequency and with a second phase while taking a second
output power phase from at least one other stator winding of said second stator or set of stator
windings, said first winding of said second stator 6r set of stator windings being magnetically
and electrically decoupled from said at least one other winding, -and exciting at least a first .
winding of a third stator or set of stator windings with an AC current at a desired output
frequency and with a third phase while taking a third output power phase from at least one other
stator winding of said tﬁﬁd stator ot set of stator windings, said first winding of said third
stator or set of stator windings being magneﬁcally and electrically decoupled from séid at least
on¢ other winding. |

The term “comprising” as used in &lis specification means “consisting at least in part
of”’. When interpreting each statement in this specification that includes the term “comprising”,
features other than that or those prefaced by the term may also be present. Related terms such

as “‘comprise” and “comprises” are to be interpreted in the same manner.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the invention are described with reference to the accompanying

drawings, by way of example in which:
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Figure 1 schematically illustrates a first preferred embodiment of the invention .for generation of
single phase power.

Figure 2 schematically illustrates a second preferred embodiment of the invention for generation
of single phase power. '
Figure 3 schemadcélly lustrates a third preferred embodiment of the invention for generation of
single phase power.

Figure 4 schematically illustrates a fourth preferred embodiment of the invention for generation
of single phase power. .

Figure 5 schematically illustrates a fifth preferred embodiment of the invention for generation of
three phase power. ‘ |

Figure 6 schematically illustrates a sixth preferred embodiment of the ir}vention, for geheration
of three phaée power. |

Figure 7 schematically illustrates a seventh preferred embodiment of the invention, for
generation of three phase power.

Figure 8 schematically illustrates an eighth preferred embodiment of the inventioh, for

generation of three phase power.'

DETAILED DESCRIPTION OF PREFERRED FORMS
Referring first to figure 1, a three-phase induction machine 2 comprises three stator Wiﬁdings R,

Y and B. The rotor of the machine is mechanically connected to be driven by a turbine 10 as

~ shown, which may be a wind turbine of a hydro turbine, or drive system which may cause

varying speed mechanical rotation. For example the speed of a wind or water turbine can vary
with varying wind speed or water flow rate. The machine 2 generates single phase power of
constant frequency from a varying speed mechanical drive. It is not necessary to provide a

mechanical system between the wind turbine rotor or hydro turbine impeller for reducing the

input speed drive to the rotor to a constant speed in normal operation (except that optionally a

clutch system or similar for preventing mechanical damage at extreme wind speeds for example
may be provided). In the event that the variable mechanical speed is of low speed, a gear box
may be employed to produce a varying higher speed. .

One stator winding R 1s connected to a power source 12 for exciting this stator Wiﬁding
as will be further described. The second and third stator windings Y and B are connected in
series and to load 14, to provide single phase alternating power V.. The output V Alc of the -
machine rﬁay be connected directly to the mains grid, without requiring a rectifier-inverter (and

commonly a filter) stage between the generator and the grid.
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Stator winding R is excited with an AC voltage V,, and current at the desired generator
output frequency. For example if it is desired that the output frequency of the generator is 50

Hz then winding R 1s excited with a 50 Hz signal. In the embodiment of figure 1 the exciting

_ current to stator winding R is provided from a battery or capacitor bank 16 via a reversible

mnverter-rectifier 18 as shown, which converts DC power from the battery or capacitor bank 16
to AC at the desired output frequency. In addition in this form, if necessary the AC pbwer
generated by rotor rotation can also be extracted, through the stator winding R and reversible
inverter-rectifier 18, to recharge the battery or capacitor bank 16. .

A controller 20 1s provided to supply switching signals to the reversible inverter-rectifier
18 to invert the DC current from the battery .or capacitor bank 16 to-the AC signal V; to be
suppiied to stator winding R. Alternatively, as shown the controller 20 may receive sigﬁals |
indicative of any one or more of the DC voltage of the battery or capacitor bank 16, the speed of '
and power generated by the mechanical input drive 4, the voltage across the excited stator
winding R, and the AC voltage supplied to the load 14 as indicated by V5, Py, V, I, Vi, and V¢
respectively, and may provide switching signals to the reversible inverter-rectifier 18 based on
this inpﬁt information. The controller 20 may be powered by any one or more of the DC
voltage of the battery or éapacitor bank 16, the voltage across the excited statof bwinding R and
the AC voltage sﬁpplied to the load 14. The controller 20 may be irnplemented in hardware or
software or both. W

. Power flow between the battefy or capacitor bank 45 16 and rectifier 18 is indicated as

Pe and between the rectifier 18 and winding R as Pe and Qe.

An alternative einbodimentvis shown in figure 2. In this embodiment an inverter 22 is
provided between the battery or capacitor bank 16 and the stator winding R which 1s excited -

with constant frequency signal V. The battery or capacitor bank 16 supplies DC current to the

_inverter 22 which inverts the current to AC signal V| for excitation of the stator winding R. The

controller 20 supplies switching signals to the inverter 22. The mnverter 22 may be a single phase
inverter. Also provided is a rectifier 24 for recharging the battery or capacitor bank 16. The
rectifier is supplied with AC current from the second and third stator windmgs Y and B and
rectifies it to DC current. Preferably the rectifier 24 is a single phase rectifier. Unless otherwise
indicated, the same reference numbers, voltage, cutrent, power flow and signal arrows in this and
subsequently described embodiments indicate the same as in figure 1.

A further alternative embodiment is shown in figure 3. In this embodiment two stator
windings Y and B are excited with an AC voltage V, (equivélent to Vy in figures 1 and 2) and
current at the desired output frequency. The other stator winding R is connected to the load to

supply single phase alternating cutrent power. In this embodiment like the embodiment of
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figure 1, the battery or capacitor bank 16 is recharged by a reversible inverter-rectifier 18. If
necessary, AC power generated can also be extracted through the excited stator windings Y and
B, and 1s rectified to DC by the reversible inverter-rectifier to recharge the battery or capacitor
bank 16 as previously described.

| A further alternative embodiment is shown in figure 4 wherein again two stator windings
Y and B are excited as in figure 3 by signal V; at the output frequency and winding R supplies
the load. In this embodiment like the embodiment of figure 2 an inverter 22 is used to supply
AC current to the stator and a rectifier 24 is used to supply DC cutrent to, recharge the battery or
capacitor bank 16 as in figure 2. ‘

The generator may be implemented utilising a standard and relatively low cost three
phase squirrel cage induction machine, by simply connecting one of the phases as the ekciting
phase R and the other two phases in series to the load as phases Y and B, or alternatively, by A
connecting two of the phases as the exciting phases Y and B and the other phase in series to the

load as phase R. Typically the generator will be lower cost than either a single phase induction

machine with a split winding or a 3-phase doubly-fed (wound rotor) induction machine.

Figure 5 shows an embodiment for generation of three phase power which may be

. implemented using three such standard three phase_sqllirfel cage induction rﬁachines for

example, and by 'connectingvthe output of each of the three machines to the load in parallel. The
machines 2a, 2b and 2c may be physically positioned in line, with the input drive shaft from a
wind ot hy&o turbine for example mechanically coupled to the rotor dri\}e shaft of thebﬁrst
machine on one side, the end of the rotor shaft of the fitst machine on the other side of the. first
machine mechanically coupled to the input side of the rotor drive shaft of the second machine,
and with the other end of the shaft of the second machine on the other side of the second
machine mechamcally coupled to the input end of the rotor drive shaft of the third machme so
that all machines are driven at the same speed Alternatively the three machines may be arranged
in any other configuration and with their input shafts coupled together by any system of drive
gears or belts for similar. One stator winding R of one machine 2a is connected to single phase
reversible rectifier 18a, which converts DC power from battery or capacitor. bank 16 to AC
signal V at the desired output frequency. Stator winding R of machine 2b and stator winding R
of machine 2c are connected through a phase shift and phase lock loop block 30 also to single
phase reversible rectifiers 18b and 18c respectively, both of which are also powered from battery
or capacitor bank 16. The phase shift and phase lock loop stage 30 shifts the phase of the
exciting voltage V; and current supplied to wmdmg R of machine 2a so that it is 120 degrees out
of phase with the exciting voltage and current V; supplied to the winding R of machine 2a, and

the exiting voltage Vy, and current supplied to winding R of machine 2¢ so that it is 240 degrees
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out of phase with the exiting voltage VR and current supplied to the winding R of machine 2a.
The second and third stator windings Y and B in seties of each of machipes 2a,2b and 2c are
connected in parallel to a common load 14, to provide th;cee ‘phase alternaung power V., of
constant frequency (for varying mechanical input drive speed). Controller 20 supplies switching
signals to the reversible inverter-rectifiers 18a-c. Alternatively as shown the controller 20 may
recetve signals indicattve of any one of the DC voltage of the battery or capacifor bank 16, the
speed of and power generated by the mechanical input drive, the voltage across each of the
excited stator windings R, and the AC xroltageléupplied by the output of gach of machines 2a to
2c to the load, and may provide switching signals to the reversible inverter-rectifiers 18a-c based
on this input information.

Figure 6 shows an alterﬁativ’e three phase embodiment which also utilises three machines
2a-2c¢ with phase shift and ph_asé lock loop stage 30 for energising stator winding R of each
machine in three different phases as in the embodiment of figure 5, but in which reversible
rectifiers 18a-c are replaced with single phase inverters 22a-c powered from the battery or
capacitor bank 16. Three phase rectifier 24 supplied AC current from the output of each of the
three machines 2a-2c maintains battery or capacitor charge.

Figure 7 shows a further alternétive three phase embodiment which 1s éirnilar to the
corresponding single phase embodiment of figure 3, in that two stétor windings Y and B of each.
machine 2a-c are excited with an AC Voltaée V5 and cutrent at the desited output frequency,
and the other stator windings R of each machine are connected in series with the load.

Figure 8 shows a further alternative three phése embodiment similar to the
corresponding single phase embodiment of Figure 4 where again two stator windings Y and B

are excited and third winding R is connected to the load of each machine 2a to 2c. In this

. embodiment inverters 22a-c are used to supply AC signal V,, to the stator windings Y and B in
~ these phases (through phase shift and phase lock lap stage 30) for machines 2b and 2c, and a

rectifier 24 is used to supply DC current to recharge the battery or capacitor bank 16.

The generator of the invention thus enables a power generator suitable for small to
medium scale power generation, at a domestic or small agricultural or industrial scale for
example, to be implemented using an econorhically available three phase induction machine for
generation of single phase power, ot three such three phase 'induétion machines for generation
of three phase power. The generator can be diréctly connected to the mains grid without
requiring a power electronics rectifier and inverter stage to convert the generétor output to
constant frequency AC. In the preferred form shown excess power is stored in the battery and

can be later retrieved.
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In the preferred form described above the rotor is a squirrel cage rotor (a rotor
comprising iron or other conducting metal laminations). In an alternative form however the

rotor may be a wound rotor.

t The foregoing describes the invention includjnga preferred form thereof. Alterations
and modifications as will be obvious to those skilled in the art are intended to be incorporated in

the scope hereof as defined in the accompanying claims.
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CLAIMS

1. An electric power generator for generating a substantially constant frequency output
from a varying méchanical speed input, comprising a three-phase induction machine with a rotor
and a stator, the stator comprising three windings, in which at least one stator winding is
magnetically and electrically decoupled from at least one other stator winding which is arranged
to be connected to an éxtemal load, and a power source 1s arranged to egcite said at least one

stator winding with an AC current at a desired output frequency.

2. An electric power generator for generating a substantially constant frequency output.
from a varying mechanical speed input, comprising a three-phase induction machine with a rotor
and a stator, the stator comprising three windings, in which a first stator winding is magnetically
and electrically decoupled from second and third stator windings, the sei:oqd and third stator
windings are connected in seties and arranged to be connected to an external load, and a power
source is arranged to excite the first stator winding with an AC current at a desired output

frequency:

3. An electric power generator for generating a substantially‘constant frequency output
from a varying mechanical speed input, comprising a three-phase induction machine with a rotor
and a stator, the stator comprising three windings, in which first and second stator windings are
magnetically and electrically decoupled from the third stator winding, the third stator winding 1s
arranged to be connected to an external load, and a power soutce is arranged to excite the first

and second stator windings with an AC current at a desired output frequency.

4. An electric power generator according to any one of claims 1 to 3 wherein the exciting
power source comprises an AC inverter arranged to convert DC from a battery or capacitor

bank to AC at the output frequency.

5. An electric power generator according to any one of claims 1 to 3 wherein the exciting
power source comprises a rectifier and battery or capacitor bank arranged to convert an

alternating current from the generator to DC for recharging the battery or capacitor bank.

6. An electric power generator according to any one of claims 1 to 3 wherein the exciting

power source comptises a rectifier-inverter arranged for bi-directional power flow between a
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battery or capacitor bank and the stator winding(s) for both exciting the stator winding(s) at the

output frequency and recharging the battery or capacitor bank.

7. An electric power generator according to any one of claims 4 to 6 including a controller
arranged to supply switching signals for generating the exciting AC current to said exciting

power source

8. An electric power generator according to any one of claims 1 to 7 wherein the rotor is-a
squirrel cage rotor.
9. An electric power generator according to any one of claims 1 to 8 which is part of a -

hydro turbine.

10. An electric power generator according to any one of claims 1 to 8 which is part of a

wind turbine.

11. An electric power generator for generating a substantially constant fréquency three
phase output from a varying mechanical speed input, comprising tilree stators or sets of stator
windings, each comprising three windings, in which at least one winding of each stator or set of
stator windings 1s magnetically and electrically decbupled from at least one other winding and in |
which in each stator at least one other winding is arranged to be connected to an external load,
and a power source or sources 1s or are arranged to excite said at least one winding of a first of
said stators or sets of stator windings with an AC current at a desired output frequency and with
a first phase, said at least one winding of a second stator or sets of stator windings with an AC
current at said desired - output frequency and with a second phase, and said at least ohe winding
of the third of said stators or sets of stator windings with an AC current at said desired output

frequency and with'a third phase.

12. An electric power generator according to claim 12 in which one \.vinding of each stator
is magnetically and electrically decoupled from two other windings of the stator ot set of stator
windings which are connected in series and arrahged to be‘connected to an external load, and
said power source or sources is or are arranged to excite said one winding of a first stator or set
of stator windings with an AC current at a desired output frequency and with a first phase, said
one winding of a second stator or set of stator windings with an AC curtrent at said desired

output frequency and with a second ph‘ase,A and said one winding of the third of said stators or
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set of stator windings with an AC current at said desited output frequency and with a third
phase.

13. An electric power generator according to claim 12 in which two windings of each stator
or set of stator windings are magnetically and electrically decoupled from a third winding of the
stator which is arranged to be connected to an external load, and said power source or sources is
or are arranged to excite said two windings of a first stator or set of stator windings with an AC
current at a desired output frequency and with a first phase, said two windings of 2 second stator
or set of stator windings with an AC current at said desired output frequency and with a second
phase, and said two windings of the third of said stators or set of stator windings with an AC

current at said desired output frequency and with a third phase.

14. An electric power generator according to any one of claims 11 to 13 including a phase
shift stage arranged to produce said AC current with a second phase and said AC current with a

third phase.

15. An electric power generator according to any one of claims 11 to 14 wherein said
exciting power source(s) comprise one or more AC inverters arranged to convert DC from a

battery or capacitor bank to AC at the output frequency and phases..

16. An electric power generator according to any one of claims 11 to 14 wherein said .
exciting power source(s) comprise a rectifier and battery or capacitor bank arranged to convert

an alternating current from the generator to DC for recharging the battery or capacitor bank.

17. An electric power generator according to any one of claims 11 to 14 wherein said
exciting power source(s) comprise one or more rectifier-inverters arranged for bi-directional
power flow between a battery or capacitor bank and the stator winding(s) for both exciting the

stator winding(s) at the output frequency and recharging the battery or capacitor bank.

18. An electric power generator according to any one of claims 11 to 17 including a
controller arranged to supply switching signals for generating the exciting AC currents to said

exciting power source(s).
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19. An electric power generator according to any one of claims 11 to 18 wherein said three
stators or sets of stator windings are provided by three separate three-phase mnduction machines

driven together.

20. An electric power generator according to any-one of claims 11 to 19 wherein the rotor

1s a squirtel cage rotor.

21. An electric power generator according to any one-of claims 11 to 20 which is partof a

hydro turbine.

22. An electric power generator according to any one of claims 11 to 20 which is part of a

wind turbine.

23. A method of generating electric power of substantially constant frequency output from
a varying mechanical speed input, comprising rotating with a varying speed the rotor of a three-
phase induction machine while exciting at least a first stator winding, which is magnetically and
electrically decoupled from at least one other stator winding, with an AC current at a desired

output frequency, and taking power from at least said one other stator winding.

24, A method of generating electric power of substantially constant frequency output from |
a varying mechanical speed input, comprising rotating with a véirying speed the rotor of a three-
phase induction machine while exciting one stator winding, which is magnetically and electrically
decoupled from said at least one other winding, with an AC current at a desired output -

frequency, and taking power from two other stator windings connected in series.

25. A method of generating electric power of substantially constant frequency output from
a varying mechanical speed input, comprising rotating with a varying speed the rotor of a three-
phase induction machine while exciﬁng two stator windings connected in series which are
magnetically and electrically decoupled from a third stator winding, with an AC current at a

desired output frequency, and taking power from a third stator winding.

26. A method of generating three phase electric power of substantially constant frequency
output from a varying mechanical speed input, comprising rotating with a varying speed the
rotor(s) of a three-phase induction machine comprising three stators or three sets of stator

windings, while exciting at least a first winding of a first stator or set of stator windings with an
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AC current at a desired output frequency and with a first phase, and taking a first output power
phase from at least one other stator winding of said first stator or set of stator windings, said

first winding of said first stator or set of stator windings being magnetically and electrically

“decoupled from said at least one other winding, exciting at least a first winding of a second

stator or set of stator windings with an AC current at a desired output frequency and with a
second phase while taking a second output power phase from at least one other stator winding
of said second stator or set of stator windings, said first winding of said second stator or set of
stator windings being magnetically and electrically decoupled from said at least one other
winding, and exciting at least a first winding of a third stator or set of stator windings with an
AC current at a desired output frequency and with a third phase while taking a third éptput
power phase from at least one other stator winding of said third stator or set of stator Windings,
said first winding of said third stator ot set of stator windings being magnetically and electrically

decoupled from said at least one other winding,.

27. A method according to claim 26 wherein said three stators or sets of stator windings are

‘provided by three separate three-phase induction machines and including driving said three

machines driven together.
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