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{57) Abstract: A switched DC rotating electrical machine (100) comprising a stator (3), a rotor (2) and switching means (11z, 11b,
18a, 18b), an excitation winding {3) associated with one of the stator (3) or the retor {2) having a pair of inputs, the excitation winding
@ (5) being adapted to cause magnetization of a plurality of magnetic poles (4a - 41), the switching means (11a, 11b, 18a, 18b) being
@ adapted to be associated with a DC voltage source (19) to switeh the output thereof to the first and a second input of the excitation

winding (5), the DC voltage source (1) providing a low voltage output (-V), an intermediate voltage output (0V) and 2 high voltage
o output {(+V), wherein in use the intermediate voltage output is continuously connected to the first input of said excitation winding
3 19 and the second input is switched in a cyclic operation by the swilching means between connection with the high voitage output
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{(+V) and the low voltage output (-V).




applications. In the area of DC notors, such devices,
coupl ed with accurate 15 positional sensing devices

The: commden 2008 Raa0 <Ak FIBMIEwbRutRGA

mal nt enance requi renments of such notors. The

publisndi SCl osures of W kinson (US 3,025, 443) and Fausto

e ibB@ SRR Rhired oS 4, 678,974 and WO 86/ 06564 are
exanpl es of only a few of such designs. Neverthel ess,

For two BHE QeI G8SsANET BLi:£8: -0fnst he mai nt enance of 20

ance Nol¥Bg 0@k aed Avbelids:s ageongi: mgheti® conventi onal nodels for

ning of dabbedgrlordes iofiv.FCThee!pr ecedi ng di scussi on of the
background to the invention is intended only to
facilitate an understanding of the present invention.
It should be appreciated that the discussion is not
an acknow edgenent or adm ssion that any of the
material referred to was part of the commopn genera
knowl edge in Australia as at the 25 priority date of
t he application. WD 20051055400 PCT/ AU2004/ 001643 - 2-
Di scl osure of the Invention Accordingly, the invention
resides in a switched DC rotating electrical machine
conprising a stator, a rotor and sw tchi ng neans, one
of said stator and rotor conprising an excitation
wi ndi ng having a first and a second i nput, the
excitation 5 w nding bei ng adapted when energi zed to
cause magnetization of a plurality of poles
associated with said excitation wi nding, the switching
nmeans being adapted to be associated with a DC
vol tage source to switch the output thereof to the
first and a second input of the excitation w nding,
the DC vol tage source providing a |ow voltage output,
a high voltage output and an internedi ate voltage
out put 10 having an electrical potential internediate
the electrical potentials of the high voltage output
and the | ow vol tage output, wherein in use the
internedi ate voltage output is continuously connected
to the first input of said excitation




10

15

20

25

wi ndi ng and the second input is switched in a cyclic
tion' by said switching neans between E&EE
O\/é% ‘??ﬂ’@ hi gh vol tage out put4and the | ow vol tag E’%}’w“
out put. According to a preferred feature of the
i nvention, the cycle of the cyclic operation also

“S%@' b O EesAl madhihbe when the second input is
nect e rom either of said | ow voltage or high

vol tage outputs. According to a preferred feature of
F|etlﬁ%f'tﬁ¥?ﬁ\§érﬁ[bnthe excitation winding is 20

configured to energize adjacent poles associated with

said excitation winding with opposite magnetic

o) ' a r t
ThERZRehY inVeiRSH Yeles Qoo B g PaCRE MR, OF, ptioutar
dlstzhdsteagmmmmmof aammrlgh@ aml epeestingt @n etddide modoit pugenarator.

substantially the sane as the voltage differential

between the internedi ate voltage output and the 25
Bakkghowed tAape out put. According to a preferred feature

of the invention, wherein the other of said stator

and rotor not conprising said excitation w nding
ElMMPrctes ravedsm ipl widal uskyfemoneoihes. 1000y3865/185420al, such

PCT/ AU2004/ 001643 According to a preferred feature of
maipis arpvaatsiie as Ké é@t%ﬁ@tm% pHtreny @MPFCW@CE BUTTE g according
to me]gglp\éoéfi ﬁﬂﬁerﬂ%g\% B ndis: o v AMAIE QL gw’ e WAy of sub-

e rotor 1s 05|t|oned in oppos

claseilﬂaaﬂimbmpt tamdaapwice olntiber of abofiguadiobasdhage theea fried to
referre ture of the vention, the second i nput
b BREaREASREEnSE REBEIRTEIERY ot at 6. substant | a1y
at a pr edet erm ned nonent selected to mnimze
transient currents. According to a preferred feature

Theraqveat ioh gt sFent sRlidselaish devisgatsUch agidiedsmantdhyristors or
sCHLARS Bﬁa%d}é%{r{xﬁc%%t%ﬁ%&& R Soﬁ\%-l% S b8igns in both AC and
e cyclrc” period.

proportion o
DC motors, allowing important improvements to be obtained for various

applications. In the area of DC motors, such devices, coupled with accurate
positional sensing devices have enabled motors to be designed without the use
of the commutators, thereby significantly reducing maintenance requirements of
such motors. The disclosures of Wikinson (US 3,025,443) and Fausto
Guastadini in US 4,678,974 and WO 86/06564 are examples of only a few of
such designs. Nevertheless, such devices have relied on the maintenance of

magnetic fields according to conventional models for their design.

The preceding discussion of the background fo the invention is intended only to
facilitate an understanding of the present invention. it should be appreciated that
the discussion is not an acknowledgement or admission that any of the material
referred to was part of the common general knowledge in Australia as at the

priority date of the application.
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10 According to a preferred feature of the invention,

the switching of the swtching neans is syn Y] .
WO&O?%(?S%{{Q PR 601643

rotation of the raqtor. According to'a
preferred feature of the invention, the swtching

. c [ .sensi ng nmeans adapted to cause
D'Sﬁﬁgﬁﬁ ﬁgﬁg%ﬁjt%%gt@\%i tching nmeans according to the

rotational position of the rotor. 15 According to a

referr enbodi nent .. .t he sensi ri .
ACKHBIGA. dBerTie Lo Bisicog db AR o BCprftng ieeifiodl machine
corf PRSI ® Rtatod 4 iréfoﬁ%rt&“@@itcﬁiﬁg 3Re&%d, adred oNshitt ERfor and rotor

sensing neans to provide a reference for the

comptiaing civaexgiaden vendisg hawing atfiset. andha sscanddnyutt dheaexcitation

wirldid B8IngSBAGR i, Sl R SBRRg g fhiRatth i Of Bty of
polegtzesosdintbdswitit shidngkoatios ,wixﬁdiﬁ?,Sﬂg@tmitchb@ m@ans being adapted

configured wwth a stator set o ol es conprising a )
fo by apaptiplipdoritha e voliagp SEESREWHS thetditPykingieof to the first
W . . 4 p PR
and ARt ot eRieohintnof Rl AORAS bR provicing 2
lows @bltagsl audply askighbeoliage oaffutgrme dint mipmosdidiee acltage output
magnetic field and.the other set of said stataor set :
hand o1 qleftlral RAtenil TR B uEdo T ah SRS dhe high
voifagjd RERACHR 8He Wolsh vRREHe p&ltﬁut‘,’fwhé@irﬁj iRthES 1B8lintermediate
said coils being adapted™to be excited by a DC vol tage
voltager ostnud ist bentisbypuslyd sosnectad ginettiec fH’sTte%@uit rof said excitation

.associ gt.ion with.each pol. aid coi.l s being. . s
wirBiE ApRahBGePeld AEpo0% 00ad h 2, SRUReg i P8 said,guitching
meSAk dhemerat Eonddcabaswifh tad] !ﬁigﬁn&oiﬂé@b%u%gt Bgdofhe low voltage

opposite polarity, connection to said vol t age

ouldlr ce being controlled by said switching neans

- whereby in use, by the rotation of the rotor with

respect to the stator, the magnetic field of the one
Acewrdingstoad apefetied deatbve of Sainveetiarn thbeyplel ddhefcyelioperation

als &H{%&éﬂﬁwig%gﬁeﬂﬁagﬁltl\éﬁé b@%erhggeu%%?%ﬂc? \fxg;ﬂ% %ahl%%'onnected from

eithdH @rgamliont ﬁ)mégbtcﬁgﬁg@ubﬂ&@e oufpuey. medi ate vol t age
out put bei ng adapted in use

Actording to a preferred feature of the invention, the excitaiion winding is
configured to energize adjacent poles associated with said excitation winding with

opposite magnetic polarity.

According to a preferred feature of the invention, the voltage differential between
the low voltage output and the intermediate voltage output is substantially the
same as the voltage differential between the intermediate voltage ouiput and the

high voltage output.

According to a preferred feature of the invention, wherein the other of said stator
and rotor not comprising said excitation winding comprises an even plurality of

poles.




10

15

20

25

to be continuously connected to a first input of the
coils and the second input being adapt .
Wogyﬂgqu “gqol y switched by saidsw tching nmeans g’gt'[’imlguzlﬂ&uomus
said |ow voltage output and said high voltage output.
[ r
oddEDS et Sedul L O5S (RRRAGh: ok S RUSPblB prigned to

thecm@hr voltaug aumt@rmeatomowoﬁawdmwuttwhe:mga meknei thaeaotor is
sal d stator and rotor conprisi ng an excitation
powqm B PRRASEY ralatippshipdAd RIS & SiStaiHput , ¢ he
excitation w nding being adapted when energized to

cause magnetization of a first even plurality of
Acgrring iass peeigtred fapiure @zﬁuﬂaﬁ aentiari be esoRdnaPHyisavdtched to

a QELOBGOUL Suie e eReng 46 2Uasaln ekl RALER selecied to

soci ated wt rragntlcp arrt

mirihizatrdnsibat currextsl rotor conprising a second even
plurality of poles, the sw tching neans bei ng adapted
to be associated with a DC voltage source to switch

Actdrelirgit puta t hefeaid tleaturbl et tendinges@enndne n@@borﬁf input is
the excitatign winding in cyclic operation,

drsm hedien fom fisDheiiglesaurguias @t@&tw@é@g@pmlﬂ ehihsyeyclic

the excitation winding to an energi zed state when a
poq'e of the rotor is positioned in opposed
relationship to a pole of the stator. According to a

Ac&? rﬁfoeg r@'ggs?pé ncltturet gieth%l %Qéﬁfl&r?lthgas‘?@{dﬁmgf b §w1tchmg

cording 108 préferre

meiahe msymék&bmeedMhlthemmmajfam@ﬁbtwth the stator.
According to a preferred enbodi ment, the rotor
conpri ses a pernmanent 25 magnet. Accor di ng to a

Actarafrey ted pestepdd feaiure bhehe reehiiog ahe Rgiohi®) feadB comprises
el ectric generator. The invention will be nore full

senfiie BBl anted dhicapse satchila elihegwWitdung preasts aﬁcord ing to

the%@%t%&%é%ﬁg@@?@%’ ri ei‘ \ga)sg?logi ?2%34(0)]9 t he Draw ngs

The description is made with reference to the -
AcRSEHP Y | D9 Ak IS BEAML G the sensing means comprises a

photoelectric sensor.

According to a preferred embodiment, a timing wheel is associated with the

sensing means to provide a reference for the rotational position of the rotor.

Accordingly to a further aspect, the invention resides in a switched DC rotating
electrical machine comprising a stator, a rotor and switching means, the stator
being configured with a stator set of poles comprising a plurality of magnetic
poles and the rotor being configured with a rotor set of poles comprising a
plurality of magnetic poles, a one set of said stator set and rotor set being
configured to provide a magnetic field and the other setl of said stator set and
rofor sets being configuréd with an excitation coil associated with each pole of
said other set, said coils being adapted to be excited by a DC voltage source to

thereby induce a magnetic field in association with each pole, said coils being
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Figure 1 is a rear isonmetric view of a stator, rotor

switching neans of a swtched DC el ectri , J
Woﬁﬁgg’eggﬁdance with first enbpdinment; 5 Fi gur(g%FZFH‘.F(}S?BQ\mm16*13

front isonmetric view of a stator, rotor and sw tching

it L ect i Cy r ' .
coffifsath, Sk, SELFEAGRE, BACHH SR ABS1E b4 of ovposice
polefity, kensstiiarhieds 46 BC ecttage soatay beihg dongrolied byigaid switching

position A, Figure 4 is a front view of the rotor
megRsWNeTRDE Iy YER, BY ithe prigtien oh the rafer mityuespect;ts the stator, the
i . L ertric :
maghBflo CEEH 5 st SpBtec IS, loRF vEiefu IR g BJBEN e other
sef( m@})ﬁ witade; sdrga hﬁviﬁgias!oaf Yoltage mi:tpmtﬁ afhigh eoEa@é obiit and
el ectric notor shown in Figure 1 show ng,the )
an TR GO 69 96 GUBEoNe DaIAs ot PRt RemS Sdapjardn use
. ) . . : _
o B o e 10 e ol SR, 178 ”icond input
beingi adbpied itoiten cy@ioally iswdicipd i gaides\@iidhing mMeanst befveaen said
of the switche electric nmotor shown in Figure 1
odylat S hLE ey WpEptade B8R th posi i on
(position D); Figure 9 is a perspective view of the
stator assembly of the switched DC el ectric .notor .
ACSHINIEY 10 B BUREr £5Pog e R @ITen EsKisR B SYIElPSOE Hatating

eIe%%r%a@ha%ﬁﬁ%‘@&%p?éin%s&%ﬂ ehefloDin® |sﬁf%!ﬁi8% B4R, one of said

shown in Figure 2005/ 055400 PCT/ AU2004/ 001643

stal® &ngupteridondefisicy sina ertitajicanménding dravinggenist apftl arsecond
icts the

. ciLrcuit of.the enbodi mept., and Eigqure 12 de

et g LML LTGIGr DEg cadatiats MR of HHEED: dporoause
madnediahrobf tEherse rdyee gﬁ?élitj( Qft beleDGssbiabae viPUESEl ¥kdiation

_the swi tching neans. Det ai | ed Descri ption _of ) .

wirplirg @meEElEm}fﬁﬁfﬁ% {0 energize adjacent said poles associated with
opposite magnetic polarity, the other of said stator and rotor comprising a second
even plurality of poles, the switching means being adapted to be associated with
a DC voltage source fo switch the output thereof to a first and a second input of
the excitation winding in cyclic operation, the switching means being configured
to cause switching of the excitation winding fo an energized state when a pole of

the rotor is positioned in opposed relationship {o a pole of the stator.

According to a preferred embodiment, the electrical machine is an electric motor.
According to a preferred embodiment, the excitation colil is associated with the
stator. According to a preferred embodiment, the rotor comprises a permanent

magnet.

According to a preferred embodiment, the electrical machine is an electric

generator.

The invention will be more full understood in light of the following description of

one specific embodiment.
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The enbodi nent of the invention conprises a rotating
el ectrical machine in the formof an electri
WOt Poted by switching means, The embodi nentp%qklé‘*%&%mms
described with reference to Figures 1 to 12. As shown
B Et?the dr.aw n éhe electrical notor 100 of the
Fg (?&cﬁ'i? 'tonc%ﬁ%‘% BWIMIS a stator assenbl y 3, a brush
assenbly 8, and a shaft | supporting a rotor assenbly
2,.slip.rin wheel 9 and
Thé fepeintiny BeadSutatetants b Hhbni b0 Gouins gr which:
corrprises a set of stator poles 4a, 4b, 4c, 4d, 4e,
, 4h, 4i, 4', 4k, 41 and stator coils 5a, 5b,
F|g:51§e 15%; a5rﬁearg§om§ (& gﬁ;w 91 a g}ator\.,—,H’otcgland\;tsg\ﬁfghmglgleans of a
swiAdP D@ael effic rﬁ@torﬁgacc%rdal%e with Yest b diMngi ngs
con |gure to provide an excitation current i'n a
cl ockwi se direction, and stator coils 5b, 5d, 5f, b5h,

Flg%lre 2k 2 TR :%}ﬁb{nc %ijfng%ﬁB 1T QYT 80y E?th%{nﬁ' Q\%aﬂg of the

excitatron curren n an anti-c OCkWI se direc

- switttedd Bd) eleetnic moloeshbamdn ¢posiite magnetic pol ari ty

The stator coils may be connected in circuit to each
other either in "parallel™ or in "series" to provide

nguh@ EQ% sh ds@nhetikcvibat bbtharaidt bf (Pe SWitchatl RPCtalecvtotor of
is required to energize all of the stator

F@@S?ﬂ§npﬁﬁgeﬁdior assenbly 2 conprises a first set of
"fixed" magnetic poles 16a, 16b, 16c¢, 16d, 16e, 16f,
and second set of "fixed" magnetic poles 17a, 17b,
Figuye 4 ig adront view of e r@rtoroﬁimm ind-igerend in Posita_Agi zed by
a suitable rotor winding 4 to provide a 25 magnetic
field. The tinming wheel 9 is provided with a plurality
Figore 18 1§ agirenigyienoal tha ewitched DEoeieciivemoiaf shawe i fggure 1

shoBetFaring PR R L ReRliobdBat®8f abi e with the

shaft. WD 2005/ 055400 PCT/ AU2004/ 001643 -7 The brush

FEE T Bt Bofiolw 3h T v ehs mAgdBaiE EBRes Wi in Figure

sh&RRGAhE tifOnG WHeRNIn 4 Bethi®] p&éifsn geddiforf BPM a suitabl e

Figure 7 is a front view of the switched DC electric motor shown in Figure 1

showing the timing whesl in a-third position {(position C);

Figure 8 is a front view of the switched DC electric motor shown in Figure 1

showing the timing wheel in a fourth position (position D);

Figure 9 is a perspective view of the stator assembly of the switched DC electric
motor shown in Figure 1;

Figure 10 is a front view of the stator assembly of the switched DC electric motor

shown in Figure 1;
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rotor power supply 21. In the enbodi nent, the rotor

po supply 21 provides DC power and |t Wi , 7_
WO&BWMBW& ed that in operatign the magneti zatl:JiC'or?\el{/\zﬁo1“Im01643
be of 5 constant poI arity, although it is possible to

Faf g RS AR e P AIA gR smens
an&l ectric sensors 11 a and 11 b are supported fromthe

not or housing (not shown) or alternatively fromthe
stator assembly. The swi tching means conprises the

Fighot® Qlepits | 'tﬁe Stﬁﬁﬁ@" 8f %éﬁné’é”t%nléf Qh@%ﬂdﬁ@ inbdt 0P the stator

cooperate with the i mng wheel 9 and bei ng
wingtinghet thebersbedinmend do ihﬁwD% valiggesieiunee d@vﬂﬂe@y\/tmsmgaﬁaans

18b to trigger switching devices 18a and 18b in a

predet erm ned manner. The photo electric sensors 11 a
Detaitbdl Deberptiopadi Riederdd Erobodupentt e with the tining

tags of the timng wheel 9. The photoelectric sensors

11 a, 11 b are energized by a suitable power source.
Thembodimenit mf rige Iibvartior| consprisssaa edtating ¢lbetripalsinbibine in the

forgbRb gp SeCERGoB e Rk St RCROghRaRS: (11 Rgbodiment is
de¥éHiRld WiR9rdiBfencel BFifget e 4nternal circuit of

phot oel ectric sensor™1la, sending a signal to an
el ectronic switch set 18a. When the timng wheel is

Asrﬁ}to@k‘nﬁﬂ the &rgﬁnr@}‘%s kil QI’éCﬁ’Q@V‘ﬁm‘t& @ HF the @mbb??ﬁ@ntf MPrises

ot oel ectri'c’ sensor ais no longer re
a $atk amembla Br anbaGht ammgbkym&,elandag diteft sesuppeting hee rotor

st o g 815 Bl ATWEL WorebS Sttt JRE0S 18a and

1gbl kewi se, when the timng vvheel |s rotated to the
position shown in Figure 7, light fromthe
phot oel ectric sensor 11b is reflected back to 11b from

ThblsthBe aﬁ@@rﬁb @%o}rgﬁrses%' 98t ST%hioR ddWéseElQahb CchE QM)‘ t4@0f4f 49,

phot oel ectri ¢ sens ., sending a
4hpdied}, dbndamhstatdr cails 5E8b6h, Yhd, t9ee 5tf| 5@ rfgl \ﬁﬁeéj 5k35l Stator

at o.th sjition sho in Fi.gure light from_..
colBA 5 S Bbosh BR: bay et MthBindsrkonr B & nh bt Mation
cuafKint @ clobklvidd amedtidh, RedWias)r dofle db, @, 5705k et 51, ave their
internal circuit of photoelectrlc sensor 11 b opens,

winshiegshgorfigured g arovide an excéalionaitesiintamagiclorkwise direction
so that adjacent poles have opposite magnetic polarity. The stator coils may be

connected in circuit to each other either in "parallel" or in "series” to provide the
stator excitation winding 5 so that a two wire input is required to energize all of

the stator coils.

The rotor assembly 2 comprises a first set of “fixed” magnetic poles 16a, 16b,
16¢, 16d, 16e, 16f, and second set of “fixed” magnetic poles 17a, 17b, 17¢, 17d,
17e, 17f of opposite polarity, energized by a suitable rotor winding 4 to provide a
magnetic field. The timing wheel 9 is provided with a plurality of timing tags 10a,
10b, 10c, 10d, 10e, 10f matching the number of pole pairs of the rotor. The
timing wheel is fixed to the shaft to be rotatable with the shaft.
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As shown in Figure 11, the stator excitation winding 5

lectrical notor 100 30 is adapted t
woczgpﬁqg f"@d to a DC power source 19 having out 836%}%(12%‘”001643

swi tched by high speed electronic sw tching devices

ThpbTyLoBaney S aaTPiaes it PhDGiSHEs @oh NG, Alapieg fo bear
on Tﬁ? sfIPR g‘s R cdrﬁ:‘é 'ér?e?rgﬁlr%om*’reﬁtot@rtﬁé et dlls fkdih @Fsuitable

tage Fevels, reb aninternediate voltage is
roteopoet sdo@prXi ntroti"ﬁ gamhodlraemﬁ the retonmewtarswpply 2herovides

oGP B B R PGS BB P00 o
00ﬁ§§ﬂe&é|ém§" HItHRRIIEitIs taesivRd #e cRandgd they Qiréﬁgl@ &ﬁoﬁﬁ@ to the

+V outputs is substantlally t he sane
stréngsm ofthegnagnetizinqiserrenhe Tog Riusd a%seé@bhué’n@sdsw@pto electric

s RRISEHEa ) Py S SRR R b, KA (G ) o

econd ¢con ion O

altérmBtivély Gronnihet sthortekeesbt or coils is adapted in use
to be switched by switching devices 18a and 18b

bet ween the outputs +V, disconnected, -V, disconnected

Thé%mﬁ’t@ﬁ|n;?\fné@n§&@1hpﬁs&ﬂmeph@t§ slesteis sbasorisnt Tasd d¢ib andunted
bel ow. hus it can be seen that the second in

to ragogeraiel yitk ulhet drinal wheeli §dgngebaiBen C@ﬁ@%ﬂ’f@b'p 13 "Sotronic
sw‘fﬁléﬁﬁgcgehv%gss?@a whan 4 8k tbstrlggércg.aﬁh?ﬁhﬁddé\ﬁé’é@ Qi NGty QEb in a

of owvolta tage source m ght
pré@;@t@hﬂmﬁ@ﬁﬁbnn@ra Tﬂ&ngbotmf eleays samsbrsliing amdbath ersy pokitioned
wWth a takeoff froma

to r‘ﬂo@WEﬁf%gN%éh? B ge s & \}g?tfg{tﬁg‘@m@ B B ejfh%é)hgmectnc
selﬁé}ﬁts 14 1oR 58t ed8d; 125'8 Mﬁraeguﬁéble‘??o'\n)é?rsdi@c@m\ﬁ/ﬁ@ﬁ the timing

rom povver source rough stator coil , ba -
whiea! tsheotdiedwér dhalipositibnoshowhiin §I@WBt5:Hf$‘étﬂ’0T\18b$ pl'wtoelectric

sol s TENEHER e 45" L Forf THRRN=TB S 1HR, closing e

int?ﬂnraPccﬁﬁch‘F -of DhiR6EIceH 8BhsdT 91 p@é@cﬂmgoé”sﬁ@wdlgtol Snadlseétronic
via an appropriate circuit 20 through the

swpihimtseén&a;t WWhersthesimingiwhaeeldadotetedio Hiedpesiden saewa tye Figure

o, SRSt L PO URe T B R gl Batfo A rom
timing wheel tag 10a, so that the internal circuit of photoelectric sensor 11a
opens, ending the signal fo an electronic switch set 18a. Likewise, when the
timing wheel is rotated to the position shown in Figure 7, light from the
photoelectric sensor 11b is reflected back to 11b from timing wheel tag 10a,
closing the internal circuit of photoelectric sensor 11b, sending a signal to an
electronic switch set 18b. When the timing wheel is rotated to the position shown
in Figure 8, light from the photoslectric sensor 11b is no longer reflected back to
11b from timing wheel tag 10a, so that the internal circuit of photoelectric sensor
11b opens, ending the signal to an electronic switch set 18b.

As shown in Figure 11, the stator excitation winding 5 of the electrical motor 100
is adapted to be connected to a DC power source 19 having output switched by
high speed electronic switching devices 18a and 18b triggered by the photo
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coils 5a - 51. In the enbodi mrent as descri bed, the
ssenbly is provided with twelve sta
Woié(%“aﬂffﬂand the rotor assenbly is provided vvltpt%ﬁ/‘a{mlo‘Fﬁm}1”3
rotor poles 16a - 16f and 17a - 17f. In operation, six
cycles are erfor d the 2 tor ils 5a - 51 .
clegHErsansgn 418 GRaol T hdMe sarROamEnar FaIG ol splice having
thrs%:é‘%it%iﬁé/ veid RtkbrbBy %d:ﬁtér‘ﬁwé%f atbaMitagans %onhB@ﬁédb@irﬂ!ﬂuously
ect current from power source 19 is fed
to Hhﬁmﬂgfm)nslm’m@h cﬁemelemtationswmg Soi |Eﬁss£JC saower sperce 19

o R 3-8 S50 RBARY 13,3 B3 Pl wher

the%;@é‘ bf Y @ Rigel samepaWRE 0S08RE eVIslthed it @u@gmt@w ttehsame
set 18a to stator <coils 5a - 51 is turned off

as £rarowi-Yigot B. niymvsei 2ae i O wire 4% aosEinyesly cppriecied tq @ first

corﬂrﬁe{:ﬁ?gﬁg(of Q{%‘éﬁ? gére lﬁﬁ%‘?t [%h%escf%toﬁ%ﬁf Tg% s%gbﬂg%bn?ctlon of the

twcﬁmfesanﬁat tc5ﬂhe1 @taitdjrrecdsle;vsr&&amted dg tusento hagwetahndrﬁyy switching
ator poles 4a - 41 in the opTP\?sHe dir
C

de\ﬁ@qa%ﬂﬁayar(q:ﬂégr@tvfﬁen(’Ebe)OL[prﬁolfé cHierenresied 36, Ogo\g@connected

an@gr"frr @fﬁ:ﬂcfn%nté?r “r?&c?%&% iste d8Ril beick.atrdls IF@M Be seen
turned 'ow ng the nmagneti zation of

thas tthb osequoide pda ha%miamelwmte(rﬁagwo% betoveEhni gach of the

cycle of the sw
volfi uigrupenat sclimisnResetifmc her B thegTioher day vgliages.
st atﬁ sv[\)nctchels 18a and 18b to switch the second i nput
e vol t 9 ted-b h
Sugh ApYPISRBARIE PGS AV BHe SRR & bettery of
cel s{,‘@vl’fﬁo% oﬁefﬁfn‘?%% \Né?m%ﬁ%tté %eﬁ?kdxﬁd&ﬁ? the ﬁﬂterrﬁé@tﬁfe voltage
om ts to +V volts i nst ant aneousl y,-
hel d at +V volts for a predeterm ned 15 period at
It \X)ﬂ' B%‘ §<—‘{ tﬂeﬂ \ﬁﬁ’&ht Eﬂ qg?ng 88|1§09@l%?t& tcﬁ?reﬁ?‘f%@' power
e vo al'l ack to substanti al
so@rcémg Shr@@ﬁmta’mrmf&cﬁmé all :nd$:e forward direction, wh:le sw;tch set

18D, is wired to deliver dc current from power source 19 through stator coils 5a —

51, in the reverse direction.

Direct current from power source 19 is also fed via an appropriate circuit
through the photoelectric sensors 11a and 11b, and then (at the correct timing)
to the electronic switch sets 18a or 18b, to turn them on and off, powering stator
coils 5a - 51. In the embodiment as described, the stator assembly is provided
with twelve stator poles 4a — 4i and the rotor assembly is provided with twelve
rotor poles 16a - 16f and 17a - 17f. In operation, six cycles are performed by the
stator coils 5a — 51, each revolution of the shaft 1 and rotor assembly 2. Each

cycle then is made up of four parts, they being: -

(A.) Direct current from power source 19 is fed through switch set 18a to
stator coils 5a =51 in the forward direction, magnetizing stator poles 4a — 4l
(Figure 5).
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I nstantaneously to -V volts, is held at -V volts for a

d nredeterm ned period, being substanti , ,

wo?ﬁigs%s%%ﬁr?g duration as said fprst predeterm negﬁg@i{zg{’j{mmm
at which tine the switching neans agai n di sconnects

t c ] I il

UL TR S B et o, BN ob g S lieEes 18 gg stater
vebilagg ~shoikl tdreecof, Abvwihgsied ynamatinaiirbbestatort hales 4a — 4
nonment when poles of the rotor are in directly opposed

r & desdhdNIWet®. corresponding pol es of the stator

This is necessary so that the electron current flow

in the excitation winding 5 inmediately after

s]gm)dhiw@ ¢t§;&ﬁtrfrcm1z@merr®#pﬁg19z5§ Fass thssigain sifigh 39ie18b fo
B e e g SR

0REtie oPNRSAOAIeRE5H 0P pRIETIHATIEMH T)01643 - 10 The

di sconnection of the second connection fromthe high
or |low voltage should also occur as closely as

PeDSiditdtt k@r@npfresi sewamsmitte ddr fedghidughayilchcsqtenibad  stator
Thi s nonent appears to be a characteristic of tﬂ?a?ﬁ
cenils ardl iohmerd pleallariag thimaaneizgiagnpitialos Rpigsde — 4 to

d ' ] nd the reasons for it are not fully
uﬁggéﬂﬁgalﬂéﬁgt this tinme. However, deviations of
switching fromthis optiml nonent will cause
si gni fi.cant . ' .ch : i4Gi
g St TS LT ehA ot SRl Pelliciol i Seritis Rkt 110
to BRNEGIBHGEIE Gvdichkes 18sbad Bbmd ewiteh dbe dewgnticinpbeto the DC

enbodi ment _required to be di sconnected roxi.mately
volzsossiurg d 9dg EFnresYies Gy th@&rﬁ%ﬁh%‘ﬁmé’égf@feggnnect i on
to either of the high or |ow voltage outputs. 10 The
operation of the swtched DC electric notor of the .,
Dughg odersmoplate cysie. doe velage Reepss BESIBlp cals Rar- 1, rises from

0 g} FEP0RBr LR a hEesh Bahyy B RRFEEH/ g 101 Rermined
pette @i wigigh nohe thewbwitehingtraeaps | discdtmacts- thr fseaord input, the
voltea%\%;%gégq‘aﬁ;%%k( g%%%&?;%&egﬁ htloS Op%[?sr,l fbn' % Witched aimost
instantaneously to -V volts, is held at -V volts for a second predetermined period,
being substantially of the same duration as said first predetermined period, at
which time the switching means again disconnects the second input and the

voltage then rises to substantially 0 voits.

The switching to a high or low voltage should occur as closely as possibie fo the
moment when poles of the rotor are in directly opposed relationship to
corresponding poles of the stator. This is necessary so that the electron current
flow in the excitation winding 5 immediately after switching is minimized. Testing
has shown that the efficiency of the device is affected by the precision and speed

with which the switching can be made to occur.
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15 At position A (Figure 5) stator poles 4a - 41,

Jng their coils energized, begin to oppo ) ,
WO%%&)‘E‘Q’E}%I es 16a - 16f and_Lga - 17f, and ind??gysﬂflg?%(}om”

2 to nove in a clockw se direction. When rotor 2

ach i td B (Fi .
o SRR & 08 50 BU08e Bl HERED, DR o oo shou
als€bestr Q@icibségé bﬁg)o%gtblelﬁﬁa rediseomosteatt afuringi the Galie period.
51 are opened and current flow from dc_power soyrce 19
This Mg 2MPaAe iv Sec eaarapiERle of they éﬁﬂ@f{?i‘%e themotor and
e GPEAE0FTe 4 et g b g b et hcersiona
ot MRANMY.| eHowever tdeaitieds dfoswitehisg dram il eptizal mament wil

inducing the rotor 2 to continue in.,t's_clogkw
caugpr & TERND SUHEIN Hagfﬁffenfén“éll%riwé%)S“éf?@)’ﬁOﬁ {Fesray the
swifc'ﬁ'ir%ﬁ%viaas inQfSPnEh@orEf@bFHﬁo%s?n%ttéé‘i‘sn% Wees! abahrdiAto the
reaching position C, lgure 7) thé 25 timng
embbditresit eequired kebs aliscbbnbctedsapprorisately. 3Waraf dhe cyeligrperiod

d 1 I t I ' i
botueel Pipam oleanaeEramlo SRt i Bt apl HirbEdtiliam
the dc power source 19 to flow through the stator
T Sheog o A n e ML EE R LR ol BT S B ot
unc%@g&ﬂ%bﬂ PéﬁﬁJ?ﬁ’\EF rﬁ@%&r%e‘%@ Figutés SRR @ 1108b&&tidd ahe rddr coils are
a - f, now bei ng opposed by WO 2005/ 055400

end?GiELAGR0DGE 6Ti06p8les- 18R stéitareenrayized nordemtilayetarpoles 17a
ve in | ockwi irectj h ' .
- 13 e Spdicias S0 (ol T o BHE S0 BT st Fo FRPR iR uring

Ope{rgﬁgﬁ{re 8) current from photoel ectric sensor 1la is

turned off, circuits to electronic swtch set 18b, and
to stator coils 5a - 51 are i 5 opened and current

. 1-94 . . . a .
i AP S o L R e gt
oppods thetoddrrpales flége 1af sed 197@ 0 174 andsindregofoipolde Meye in a

- 16f, .17a - neanwhi | e ckegd-: t
clog Sy SFTeD- ¥hon TR RN AdGEPRG (RS D Br (0TS 85, urepd from
ohdBelekir 8ok seistufrRet o tileaityee Bldeadnid switchBet 18a, and to

(Figure 8) and position E, where the cycle repeats
statargsile 5a - 51 are opened and current flow from dc power source 18 through
them ceases. Back emf then continues to energize stator coils 5a — 5i, untii their
voltage drops to 0 volts. Rotor poles 17a - 17f, 16a - 16f, meanwhile are attracted
to the stator poles 4a — 4l inducing the rotor 2 fo continue in it's clockwise

direction between position B (Figure 6) and position C (Figure 7).

Upon the rotor 2 and timing wheel tab 10a reaching position C, (Figure 7) the
timing photoelectric sensor 11b, is turned on. Current from dc power source 19
flows to electronic switch set 18b closing it's internal circuit to enable current from
the dc power source 19 to flow through the stator coils 5a — 8l in the reverse
direction charging them to -V volts and inducing a reverse order of polarity within
stator poles 4a — 4l. Rotor poles 17a - 17f, 16a - 16f, now being opposed by
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10 It should be noted that the rotor power supply

i_g d above may be independent fromthe r
woggt[]li(h §9 used to provide_ghectric power to EBA%}M%/OMG“

stator w nding, as shown in Figure 11 or alternatlvely

B3 i 15 < MRB PR g g oo

Statgnp@glsm:@nlg;porrprl ses an equal nunber of poles 15 on
the rotor as is present on the stator. The actual
nunber on each may differ fromthe nunber used in the

Wh@rﬁmﬁgl” Q‘%‘@acﬁ@@ b&iRss D @%u@@)‘ cmﬁeﬁvﬁ@ﬂtmm&&b’cﬂ@ sefBor 11a

equal nunber o north and south nmagneti sed poles. It
is tirsed rd cicoitsl ta kiectrohis switetbeet aﬁb,p@m@@ stateceeils H@ H 5! are

f the,f
opeBRe gt Sreth Lehdroth YsaPRVEL P LD ghictEn PEM, R pack
emittheh ddntinbes do RRef@zoetatbbleild aa L 156 urtl Qineioﬁfolltigé rises to O
enbodi ment to be configured with a nunber of

volthFR@ﬂfi}F ipoles 16ar 86 170 -t1é meapwhileAre REragted E?rt%e stator poles

a7 4l (RGeS A R Rt L S ipE Pl SR Ribosition

D(Fﬁb@red@)sarmm@éltlcme emeesltrenicleregpdzds itaedlipt ed i n many
ways while still incorporating the essential features
of the 25 invention. For instance, the nunber of pole

It gp@uld Hen rdigd Shat ahe artor @oer NBYpie ltﬁaaangﬂe@ti fatmvet heay be
enbodi nent. Al so a rotor having an ex0|t

indgrendedp Wr@@@waﬂppnpgwgégwﬁ@ nk® Hg%@qa prq\ﬂ Ez?;tr&,@g,\fler Yo the
statbg%vﬁ(ﬁﬁg EWnpinrl’—“lglgr% §9 drRrert QhRTy g’glglleg% VO from

erna rve sw tching neans are p I e”i nstea
the @C pbtfuer pbotce-1 eoddite tsenstor.s and tim ng wheel
arrangenment descri bed above. For WO 2005/ 055400
PCT/ AU2004/ 001643 -12 exanpl e, magnetic or

it sihib28Sd 86 hotmnpat tharaybodphatednsiggsameqlaatunber of poles
sensors. Morre basically, the sw tch? power source
on wuraonas dppressat s Prestitoror heaphlia P o eaph may differ

frorﬁ tt@gr) glpp%gﬂﬁtr E,@H%i hrg fan ngh‘@?)ﬁgﬁgntf{éeé\%ﬁggat But ﬁwngﬁlfr)]é/ g?réér}] toaPrOthe
an bqu@!l nurhbersef kit bad souih rriagowtms%potdse It is understood that the
number of poles selected will be one of the factors contributing to the
performance characteristics of a particular design. [t is believed that it would be
possible for the rotor of the embodiment to be configured with a number of poles
which is different to the number on the stator, although it is expected that some

complications may resuit.

Those skilled in the art will recognize that the design of the embodiment may be
adapted in many ways while still incorporating the essential features of the
invention. For instance, the number of pole pairs in the stator and rotor may be
changed from the embodiment. Also a rotor having an excitation coit may be
replaced with a permanent magnet. In that event, the need for slip rings fo the
rotor will be avoided. Many a[térnative switching means are possible instead of

the photo-electric sensors and timing wheel arrangement described above. For
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5 theories used to produce a notor can be adapted in

r e to provide an electrical generator. _ ,
Woe%%%?’%gnt descri bed can regdily be adapted g?W%UfﬂUﬁOOlms

generator. It is to be appreciated that all such

exale; HoaRRIo. Hrbe PR SoTcn AEL S et Ao BRRRI7 Rgnsors.

Moﬂe%%é?@al@”@%dévﬁﬁiﬂedhl@@ (S sduRee Rilabd Spplikdl take retor rather
high coefficient of performance. It has al so_been

tham dartbiet Hator witheut e gingothee fundagierdalc bipesy &b aperiasy of the

f. conyent i ona es|.an. e I.fihC

maghinges LIRE Contest NV ERUI B SRR hosd S FREE Ll GRfchPtnat the
theoG@SRise8efo Bfodlae | : atb it daa@rbea?d'apwqmm lsresérrf@r to provide an

“conprising”, W e under st oo t,0 y t
cleciricaLGaNSIEOr.  NbedeEeamant Spsgitshcon et ger sdgated as
2 offigldr 1 B0 Hhordgaltl FAY ARENIER VERBRHS o 1gheXPSidered
withds thoktepwof the idveavidnched DC rotating el ectri cal

machi ne conprising a stator, a rotor and swtching

neans, one of said stator and rotor conprising an
Tedtgl dfair slBciicndbig acbandimgicattk ersbodintbri hescdwdmi thpunotor to

the excitation wi_nding being adggt d Ehen 5 ener izep
haveoa dHds €ORKGHRBL 10 RETORTENCAn [0 AUPSET (QURH g iragior runs

” . . . : L ading, the

oS REhH Shmbirabie TRicr e BhiGRIBLIBNT Wi'th a oC

vol tage source, the DC vol tage source providing a | ow

vol u Py T a1 I i
T bPRE s it et t PP Rt BB, Glenyie. the word
“coRfrieat ioalvaribtivrey sech asecomerisbgadn icoatprisinginilabs wwiderstood

the high voltage output and the | ow 10 vol t.age output, .
to igtidy BN hSIPSE nBlala Eiaiklicitows Pl KEeSTaifrof e Sxclusion

i n the first input and the
of%@@%ﬂ%k‘&ﬁ%ﬁf qr??@mﬁtﬁﬁéﬁg%éél’rﬁ a cyclic operation by

sai d swi tching neans between connection with the high
vol tage output and the |ow voltage output and wherein
the cycle of the cyclic operation also includes
segnents of tinme when the second input is disconnected
fromeither of said | ow
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15 voltage or high voltage outputs. 2. An electrical
machi ne as clainmed at claim 1l wherein the excitation
winding is configured to energize adjacent poles
associated with said excitation winding wwth opposite
magnetic polarity. 3. An el_q trical machine as clainmed
at claiml1l or claim2 whereinh the voltage 20
differential between the | ow voltage output and the

i [ ' : [ antially the sane
Thg?l?ﬂﬁg@oﬁ?{nggéQla{é?l?\z?@ﬁélﬁé eggtﬁ/@w%'he i nternedi ate
vol tage output and the high voltage output. 4. An
t
t

el ectr.jcal chine ' . . Of
1. pr B QR SRt Eading SrRaSre aitifr g otor and
swit€RifG r8ans QoY bsisall saiteh axe irbt icomprishel 20 edifationesinding
25 an even plurality of poles. 5. An electrical
haviag A festagnd |aasaeendiniidy thm exefatiane winding Reing |adapted when

o . ) o . . . ' .
ordi5 0, ol RARRER 94 SRS, g0 dpsogatea it
saiﬂreﬁtﬁﬁ@m wdadingpitlel sweitadng hedamsdheing cinailse, BisebeirEidwith a DC
sw t chi ng means_ co [ [ dapted t .
volEes 04T AP rIeCofONAHE SURTCEHPIRY GRS O JEliee Ry, a high
QA ' I ) i e i
vl A RS ROl A i anebBo sientel
intemaetiates thrrgledtdeal polemtinse bédbei kigbevaltage sutpa and the low

voliag eubpd wharely Mg ihe dTBtuatiele deTabe by b kokdntippously
coRREAEd O 1R AMt Gieh @ drRf Bleete®ntiahplihie swikhatliimeadyclic operation

position of the rotor. 9. An electrical nachine as
by shigl switiching argansreeteees|coinpecton with thadigh yoltags output and the

d inpyt, i | igh_yel
Iov{? ggﬁﬁge: ! u\x,to%aﬁ%w%épgﬁlet Smgﬁofgﬂt%o?:%éflg# 3@3@% t%i)'&tfo ;ﬂictudes
se§@ehtd BNGhel Whewpes edcomd aigudns issohneatepdramddithehef said low

Stator.
voltage or high voltage outputs.

2. An electrical machine as claimed at claim 1 wherein the excitation winding is
configured to energize adjacent poles associated with said excitation winding with

opposite magnetic polarity.

3. An electrical machine as claimed at claim 1 or claim 2 wherein the voltage
differential between the low voltage oufput and the intermediate voltage output is
substantially the same as the voltage differential between the intermediate
voltage output and the high voltage output.

4. An electrical machine as claimed at any one of the previous claims wherein
the other of said stator and rotor not comprising said excitation winding comprises

an even plurality of poles.

5.  An electrical machine as claimed at any one of the previous claims wherein

the switching of the switching means is synchronised with the rotation of the rotor.
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10. An electrical machine as clainmed at any one of
claine 5 to 9 wherein the second input is switched to
a di sconnected state substantially at a predeterm ned
15 nonment selected to mni 'ﬁe transient currents. 11.
An el ectrical machine as clal'med at claim 10 wherein
the second input is disconnected fromthe DC vo

( . 1 ) |t age
6. sofpcelecticah saginanms Alaipesht (53 of W*Fnee’eléyél"‘i't&h'”% means
- : . : I i
cofBfist seheng a5 ARG IS Rt YR f o SFRCENRF means
acddrdingttattbe rdtetiogalqarsitioguofetiewdton. a stator set of pol es
conprising a plurality of nmagnetic poles and the
rotor being configured with a rotor set of poles
7. Copprelettigan npichirad iskyclaimeth @b aetiaimn polvesreia thaesasingineans
said stator set and rotor set being configured to
CoppPEEEa PRORRIPETC 8PFel-d and the other set of said
stator set and rotor set being configured with an
excitati on w nding conprising an 25 excitation coil L
8. asAocelacisigalvmachine Bspdlplned ad LlaimoPhel Cedp, 7 wierein a timing
il ' t ' Y 0
w8, 1S AR I8 o (RS IR (vl KOl BRAce for the
rothoridioshioni afdbe eotar.magnetic field in association with
each pole, -15- said coils being configured to cause
said magnetic fields of adjacent poles to be
9. "egResleéeidal MaehRShE eldinleal &t ¥ny openeCtinbns Gotosivhdein the
vol t age source bei ngh controll ed bkl said sw

tchin
seeanthinrbds spiiched dadhe hjoh Neltagn sufih Asrtodthe ’?Wt‘&gtage output
.t t h L15tidd ) f

s o Y e Bt 16 IsRlcien, G0 ARRREH IR 4P 2 PO of the
stdtdve ot her set, the DC vol tage source having a | ow

vol tage output, a high voltage output and an

i nternedi ate vol tage output having an electrical
10pop@ntleatricahherchedi as eldihedebeahy ionel ofpocbins iSatos9okherein the

t he high_ voltage output and the | ow, voltage output, :
seeord INMUisBitelied tpop diRgeNBaEisHSIBE; %&%?%Pt@ﬂg,a? a predetermined

mdhSht SHOMSH Yo grglﬁi?ﬁﬁﬁé ggnts%ni ESrr%htrSSt i nput and the

second I nput ng adapted to 10 be cyclically
switched by said switching neans between said | ow

11Y°|P&\a9l%c{)r}gap%achine as claimed at claim 10 wherein the second input is
disconnected from the DC voltage source for a substantial proportion of the cyclic
period.

12. A switched DC rotating electrical machine comprising a stator, a rotor and
switching means, the stator being configured with a stator set of poles comprising
a plurality of magnetic poles and the rotor being configured with a rotor set of
poles comprising a plurality of magnetic poles, a one set of said stator set and
rotor set being configured to provide a magnetic field and the other set of said
stator set and rotor set being configured with an excitation winding comprising an
excitation coil associated with each pole of said other set, said coils being
adapted to be excited by a DC voltage source by means of a first input and a

second input to thereby induce a magnetic field in association with each pole,
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and said high voltage out put and wherein the cycle of
the cyclic operation also includes segnents of tine
when the second input is disconnected fromeither of
said | ow vol tage or high vpl1 age outputs. 13. A

switched DC rotating electrical machine conprising a

stator, a rotg d 15 sw tchi | .of i
R S soa HLRBReTE e i M o o
K0 B A e 48 90CkBkiPSourco bong

contagieet by atidoswitthiag freans aenely ur abet by dhe polagien of the rotor
aSSOCI|

, ted with said i t.at.i i, ndi d_bhei
Wit SRPper BnE e eiosr fie, BsGPLS b abik o0d: Gt s 28Ry tgymove
rel RS el dblOPBPEid StHERGREthE ONBRAGY soliRR 194NI8Y adbw voltage
said stator and 20 rotor conprisi na. a second even

outpliyr al high vsltagsl esfputhandvan dhterge sofapagoutput having an

associ at e i th [t . i
eGSR el i g SR Y R o otage outu
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rotor comprising a second even plurality of poles, the switching means being
associated with a DC voltage source having a low voltage output, a high voltage
output and an intermediate voltage output having an electrical potential
intermediate the electrical potentials of the high voltage output and the low
voltage output, wherein, in use, the intermediate voltage output is continuously
connected to the first input of said excitation winding and the second input is
switched in said cyclic operation by said switching means between connection
with the high voltage output and the low voltage output, the switching means
being configured to cause switching of the excitation winding to an energized
state when a pole of the rotor is positioned in opposed relationship to a pole of
the stator and wherein the cycle of the cyclic operation also includes segments of
time when the second input is switched to a state disconnected from the DC

voltage source.
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5 swtching neans is synchronised with the rotation of
the rotor. 16. An electrical machine as clained at
clai m 15 wherein switching neans conprises sensing
means adapted to cause switghing of the sw tching
means according to the rota |onal posi tion of t he
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via slip rings. 23. An electrical machine as clained
at claim21 wherein the rotor conprises a permanent
17 megnesiectrical machine as claimed at claim 16 wherein the sensing means

comprises a photoelectric sensor.

18. An electrical machine as claimed at claim 16 or claim 17 wherein a timing
wheel is associated with the sensing means to provide a reference for the

rotational position of the rotor.

19. An electrical machine as claimed at any one of the previous claims wherein

the electrical machine is an electric motor.

20. An electrical machine as claimed at any one of claims 1 to 18 wherein the

electrical machine is an electric generator.

21. An electrical machine as claimed at any one of the previous claims wherein

the excitation winding is associated with the stator.

22. An electrical machine as claimed at claim 21 wherein the rotor comprises a

winding energized from a DC power supply via slip rings.

23. An electrical machine as claimed at claim 21 wherein the rotor comprises a

permanent magnet.




