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"Swi tched DC El ectrical Machine" Field of the
I nvention The present invention relates to rotating
web@sside@l nmachines. n particular it di scl 0SeBCHAIZW4/001643
way of arranging and operatiig an el ectric notor or
generator. Background Art Electric notors have been in
i, mpre than 100 years. n general, such
witched DG Flecideal:Maghine A (alternating current) or
DC (direct current) according to the type of current
.drawn to power them Wthin each type a variety of
Figlghef theshnveptionons exi st and a wi de nunmber of
configurations have been tried to obtain particul ar
perfornmance characteristics. The advent of _ _
The gresant riavention relatesatce ret@lingeslestiigal apachioges kngarticular it

dijcitas> A oy, ool SR8 rttaing Rk L E8REaTIBP 8 Generator
allowi ng inportant inprovenents to be obtained for
Béﬁ{érgﬁﬁdaﬁﬁl ications. n the area of DC npbtors, such

ces, ‘coupled with accurate positional sensing
devi ces have enabl ed notors to be designed wi thout the

e ators, thereby significantly reducin

e e PR T e, LOE el BT 1607l RS9, suer
motofe bas tuesified aWAGi(aBealitg chirfeh?) 44BIC gﬂﬂadf@u%ﬁt) according

Guastadini in US 4,678,974 and WO 86/ 06564 are )
to dhadyree of gHrrem grayny wnpewes deemd e Wity cambVipe evarety of sub-
CISSFOSHGNS RS JTHE oL S L EOr TRATHERARR Barg hagn tisd 1o
obtdiripartitesargrerfofimenpe ebaricteristicscussi on of the

background to the invention is intended only to

facilitate an understanding of the present invention.
The advertdbflidgiappresi sbitbstatatdevitesdssessi @ibdes drel thifistors or

know edgenent or adm ssion that any_ of the materi al
SGTE$ B e [FvRignifigant cengpe feasmeenveatirnal depians iadpsh AC and

D N r aéli%ﬁ‘iCﬁpéﬁ%tp%?ﬁcg\;ﬁfﬂg%e.tm bb"®btained for various

application. osure o vention
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 Wilkinson (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 to 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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Accordingly, the invention resides in a switched DC
rotating electrical machine conprising a stator, a
w0 2i08058m swi t chi ng neans, one of said statorP@nau2004/001643
rotor conprising an excitati®én winding having a first
and a second input, the excitation w nding being
Disdlsiurd ofttbe heventipized t o cause magneti zati on of a
plurality of poles associated with said excitation
wi ndi ng, the sw tching nmeans being adapted to be
Aczestinglst dtb mvehtian DEsidektinge saitohed DO rstaftmghelébmcal machlne
out Fut thereof to ,the first and a second |nput of th

CORIRIISN RoblRn @i iRler BRe SMAChiIC: Bgans o APE i praldisiring aéad rotor

oAt pSacein ok g i gD ve octaton

wipding rging adap%*e@eat@ﬂergzedltecd:auseaxhwa'oebzatloal of afplurality of
e_out

h t d t,he |,ow volt.a
roldice e B CrltRan G, v pu B8 g iding adapted
to ®enddsouritsd WithanDeCSithdeOsdurge td E®itch Wbu&fut %r@of to the first
excitation wi nding and the second in is swtched

ang g perprd fpuit of |ﬂaﬁ1 epgitafiqrawinging Hhe %@Hgggmprowdmg a
o SAEEE' 6l 18 J3Ple AU 4PRp8 AP gL S cutou

hat/img anvelabﬂrloal, pbfwtlayMtermédltatmﬂw@lecﬁn@meﬂicﬁbhﬁzﬂsad)fsme high
ncl.udi n % nt of tinme when the second input is
volifge Bk 28 Tt 1 vriiater OUgRY MERra maggeothemrgﬁrmedlate

voMQgﬁé A RpQUIP %ﬁtln Qfdﬂlﬂeﬁt%datcp RE &k %CﬁLﬁaBP %Sloo f excitation

elnventlon he excitation W|n|ng|s onf |
Wlledieggamietf@dqmmdtmpul issswiitshedi iat @ dyolict Opexatldn by sald switching
XCi i on W ndi site net
gt PR, o i FRC Bl EoBREE Rulita o o foneonace
ouriiltt age differential between the | ow voltage out put
‘and the internediate voltage output is substantially
the sane as the voltage differential between the

ActBidh b%r@fe\r‘l‘é'dt fRafureWr ﬁh‘é iRRAtbACHRI Gl 6t fh%g(?ycllc operation

out pu According to a preferred feature of th
alsoninshiding seghands oftliree ovhen thé ssgoddsinpubis disconnected from

either of said low voltage or high voltage outputs.

According to a preferred feature of the invention, the excitation 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 output 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.
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and rotor not conprising said excitation w nding

conprises an even plurality of poles.According to a
wpe@besued feature of the invention, the seconeCT/APRA04/001643

is switched to the high voltdge output or the |ow

vol t age out put when a pole of the rotor is positioned
AGQ@rdipgds edpreiraed taatinepoft thednpentionpthe secemndirgut is sw1tched to

e g ot otell i Bt dov G705, o lpwh e cpalecet the otor is

po%itfé‘ﬁbéﬂh lo?bb&’e@Felé‘tnstﬁﬂﬂoeé Pbleesk theseatbr.sel ected to
mnimze transient currents. According to a preferred

feature of the invention, the second input is

AdtoPdiRg e & ;?r‘éfér’?&ﬂéé’t‘@reaﬁ trel lh@&ﬁloﬁ'P%é‘ Set&d ?r}&)ut is switched to
substantial proportion of the cycllc period. Accordi ng

a tdisepnpestask istafef suhsiartially ehea i predatdrmined huvoswint a‘ralerged to
ans is synchronised with the
mif oW‘%? %‘%n%k@gpg According to a preferred
feature of the inventi on, the sw tching nmeans
rlsssens ada to cause sw t chi ng, of .
AGRIREG; T2t g HERE S g 106 (MENBRa: Henaecond input is
dlmlnbbwai fedmtthe U@U@Itageaﬁ&ﬂté'fﬁlga k0bstahtisf srobBEion of the cyclic
enbodi nent, the sensing nmeans conprises a

%‘ﬁdt oel ectrl c sensor. According to a preferred
enbodi ment, a timng wheel is associated with the
sensing neans to provide a reference for the
Aqcefding gm Prrieired deatgfe ohéhe inventioActsr aiviighingtal the switching

modfe B eI R Wt e AP & Siator, &
rotor and sw tching msans, t he stator bei ng clonfl gu][ed
t .
Acillnd 3 Pler SRy She FRIBIRY) B A BUNES i Tprmores

seh@“hgrmééhs atapRide® ERBRN $\§itdHing oP ke Q{Nitbbﬂn?fmgaﬂé‘ 8Ebsrding to
a one set of said stator set and or set

es,
th%é‘?tﬁﬁo%@pﬁﬁ'@ﬂéﬂﬂt‘%rcﬁ%w de a magnetic field and the
ot her set of said stator set and \

According to a preferred embodiment, 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 set of said stator set and
rotor 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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rotor sets being configured with an excitation coil
associ ated with each pole of said other set, said
W@ oi0b»593e0 ng adapted to be excited by a DC vol p@myau2004/001643
source to thereby induce a nﬁgnetic field in
association wth each pole, said coils beingconfigured
cqrxﬁigummlsd?o sause regahehagndticefidsisobf adjemeantpofesl &s beoobepposite

R N TR -
mé@@é AREréby inSese, By therotatiort bioimeabtdMRith A ecYV'td bhe stator, the
i

respect to the stator, the magnetic field he one
magneticficld ofthaione sebircadantad ity enave tGHl@th[@leetheqfoIQSwef the other

e DB RE Ritadd Sollse ByLRER 13RO RaC BN, Sriedtiofios Bliout and
arv mitémlamt\mtagelmmmtn&ﬁemﬁ@jm@ \P@l@@eocl}lltpuﬁ b&ifl R@apted in use
adapted in use to be continuousl g connecte to a first

tolh@pmntwoww coRnactesitp iratinpHEof thegraid cajiuend éimgecond input

S

G BB 1o B Bl Pt BV SR SvihfioTtegfiliilveen said
lowalditage ootpybaind st higihi vadiagetoutputf ur t her aspect, the

invention resides in a swtched DC rotating el ectrical

machi ne conprising a stator, a rotor and sw tching
Acueadisglyooea irtiseri abpaot e |améniﬁ(m essidgesit asdwigchad DC rotating

citation winding having a first and a second i nput,

e'%ﬁe%'xe??w GAMAHIhE %%ﬁoﬁga seiapeed swishinghBlegnseane of said

st%H%ﬁﬁHBﬁEb%@héﬁ@ ah &dthfich VAKEM phé’\/lgé] dé ersqfax&Pl a&®Second

assoclated wth said excitation wn | ng
inpuinf thpur extitatiornevigiing duieg eatiaptedd wbéers eaesg)mchttml cause
[ the ot her ,of.said

e ERBR o S Bl P of Solemasshriop Wit sy syptation
wiR@ingSand fb%lr@/\’cbﬁf@m@dni%aéﬁer’@%é“gd%éﬁf adidt ?ol@g associated with
associated wth DC vol tage source to switch the

Om%ﬁ@maqwl@wlaréy athﬁuqtber elreRid stateband refpucomprising a second

o SECHULRY PABER Y) EcREIN o3 4 bt wi
a BXridledgecsounca dd BYitch the ctfeutdharsbf 36 at frshvbrd Ps¢dr@l input of

of the rotor is p05|t|oned i n opposed relationship to
the exsitatiosy winding imesrlic opealianniier swichipemsansgbeing configured

t I | [
to ‘r%r:gtﬂgg's gfglglg ﬁﬁg@tegﬁgéﬁpw %H‘ﬁg @eﬁ@z?& gﬁgé \When a pole of
thexaiot & pasiticad inioppased celatiedship td atgude of the stator.

According to a preferred embodiment, the electrical machine is an electric motor.
According to a preferred embodiment, the excitation coil 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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stator. According to a preferred enbodi nent, the rotor
conpri ses a permanent nagnet. According to a preferred
wepdsmsrent, the el ectrical nmachine is an el ece@T/8U2004/001643
generator. The invention witP-be more full understood
in light of the follow ng description of one specific
Briefidels eripitiomiof éie Drawingsi on of the Drawi ngs The
description is made with reference to the acconpanyi ng
drawi ngs of which :- Figure 1 is a rear isonetric view
Thef descsiptionis madeavitharederenice ¢ ivegaceansafing dsawihgb fl which:-
DC el ectric notor in accordance with first enbodi nent;
Figure 2 is a front isonmetric view of a stator, rotor

Flguné $\msta:inemglsmam1ﬂc ofiew hef a\utétoheﬂ)t@caﬂhe:f,mtdrﬁngmﬁ@éns of a
Figure 3 is an jsonetric view of the

S"‘f‘tﬁgmg df? vé%#@n@@cg@d@ng@wﬁi‘bﬁrﬁb@@,bogfm@ igure 1 in

position A, Figure 4 is a front view of the rotor
shown in Figure 3 in position A, Figure 5is a front

FIgaTue o1 2 KR TlsiRpretic VISW of 6ctiplcs. FRIbbANgHawkehing Feanseof the
mﬁ%ﬁ??ﬁ@oglek)% ,Elofgrr;g] ml Flbl# M- first position

ure rort view of the sw tched
DC el ectric m)tor shovvn |n Figure 1 showi ng the timng

qum%e% id %nalsé ond \ ROS of 1109 g@?ﬂftth Nviilchel! BB %Igéﬂiclsw%tor of

i ew o thesvvlthed rcrmors
Fldﬁlrglﬂrla dositioowAng the timng wheel in a third position
(position C; Figure 8 is a front view of the sw tched
DC el ectric motor shown in Figure 1 showing the tinmng

Figureet isianfrantf viewtdf te satbr sifowimirsFiguee 3B pokitigrrg 9 is a
perspective view of the stator assenbly of the

swi tched DC electric notor shown in Figure ; Figure is

Figurtrong avfrewt efevi lf thé adwitchaaspabblecafc htRosvhbehad Bigure 1

el ectric, notor
showing the timing wheel in a first position (position A);

Figure 6 is a front view of the switched DC electric motor shown in Figure 1

showing the timing wheel in a second position (position B);

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

showing the timing wheel 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;



10

15

20

25

shown in Figure ;Figure 1 depicts a diagrammatic
arrangenent of the circuit of the enbodi nent; and
WO-e@anss40® depicts the timng of connection of PCHAU2004/001643
second i nput of the stator wPnding of the enbodi nent
to the DC vol tage source via the switching neans.
Figereal 1 deépbis ardipgiaommatic Brrahgemedt Bftiol cimeuit of Fleeembodiment;
'ﬁmOdi ment of the invention conprises a rotating
ectrical machine in the formof an electrical notor
controll ed by sw tching nmeans. The enbodi nent is

FIGUT: e GrRibients TS O Gaieckion i e s9e0is i of the stator
Wlﬁaf‘ﬁ@%f TRE enfiyBh bﬁﬁ% tfe @@b@ﬁag”é §SLW&EX/|§th@S\PﬁH§ﬁqu] efns.

assenbly 8, and 1 supporting a rotor asse
2, slip rings 6a and 6b a timng wheel 9 and

DEt4i1Ea DAL RIS 66 il&anae'a.daﬂr@% E%atét ator assenbly 3

conpri ses set o stat or 4b, 4c, 4d, 4e,
4f, 4g, 4h, 4i, 4j, 4k, 41 and stator COI|S 5a, 5b,

; Kk
TigpemBariént 3 ehvoton Ehyefbes 3oding SEAG ke in he
fotno gbravv ekbetrioal exaiot abnipollecuby e;mtchmgantéamskvaBe embodlment is
direction, and statar coi , 5d, 5f, 5h, 5], 5I,
der?ﬁ(}%e‘% Wgtﬁrfe%fﬁa%ﬁ%e@a% {gfﬂ ig to provide an
exci tati on current in an anti-clockw se direction so
at e pol es haye opposite nmagnetic polarity
AP ) e thaosge plecubial et 1P S the ribadmeatgpmprises
a QidisF a%‘sér'?l%‘y 3 2 PR la8bemBly i8N n%eraI %ﬁafttP &f\ﬁ%ﬁfﬁ% a rotor
the stator excitation w nd |na/5 SO
assapbly 2 sslipednds @aland Gbnertighing vedel @fandwewﬂd:langrdemoes d8a and
he rotor assenbly 2 conprises a first set of "fixed"

18 ghetic poles 16a, 16b, 16c¢, 16d,- 16e, 16f, and
second set of fixed nagnetic poles 17a, 17b, 17c,

T, pieh dse Btk SaclanRroce o8t B BAoSomdanap, ot 1d14e, 41, 49,

h;rFFnZl?}umt ggg\ﬁ'ﬁ%@étoﬁcélﬁs 54, By, @%dSM" 58 ¥, By US54, %55, Bk, 5. Stator
coils 5a, gc 5e, 59, 5i, 5k, have their windings configured to provide an excitation
current in a clockwise direction, and stator coils 5b, 5d, 5f, 5h, 5j, 51, have their
windings configured to provide an excitation current in an anti-clockwise 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, 17c, 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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30

10b, 10c, 10d, 10e, 10f matching the nunber of pole
pairs of the rotor. The tim ng wheel is fixed to the

W@ b@bws53400 be rotatable with the shaft. The br usPCT/AU2004/001643
assenbly 8 conprises a pair- bf brushes (not shown)
adapted to bear on the slip rings and convey

Thenieiug h zissgmbliy BQmjmrBr%e%he paivtairbrashéss (rfot amowns widaptddeto bear
rotor. power supply 21. n_the enbodi nent, the

ONpEes!iPSU 9@9%1!%%5@@@@9 Goent i Ehe fotgy PP!'Sbﬁrorrn_ a suitable
ro@)ﬁ%@?@c gsﬁ@ﬁ :Yn bat | q 8 Fé?ﬁ@&? H'Eentt . r@&nﬁé\}vétag%é’@y }’2‘(;!' brovides

t po arlty oug I's possi
DC pange antét wilirtengppreamted thatgn bpetel’(@nstheemngrghetﬁat'tdme\/vill be of

tizi t,. Th hot q.
coBPEet PPEEe AouSh s taié 16 fpbRedb T sHEhBSHURLe to the
strefyH Bﬂtﬂ@ﬁﬁagﬂé@%b Qirrettt eTRAtIrYSH asbeByt BGarﬁi ﬁhQ{o electric

asSenbl y. swi t Chi ng neans conpri ses the phot

segbeist e mgldbsaaa anapmed)dmredtheorrmpéowegvﬁmh shieavn) or
e onnectable to electronic
altgwqhg%lyﬁﬁorﬁé(}?g@grl%aseﬁﬂcaﬁmb to trigger swtching
devices 18a and 18b in a predeternined manner. The
hot.o el ectric sensors os itio
THOSHE G idens PRI RER e BRalteBRFiRePEbly R if ahfeltognounted

to T&tﬁaﬁéﬁ@ﬁeowmcvcmé Cirfipas Wheeld®d dhdRikyesagineetbly t8 electronic
sui tabl e power source. Wen the timng wheel is

swilshingedeviees t19a pradilBbote Hiagimn SVWtqhirgleéV@eSH%ﬁn@r‘tﬁﬁ in a

prblf8eRARKATHERAL CTREBHBlo Bidchid SEAGFECALARK (1B dbositioned

to Cd:ddparateoﬁvlthhtweoemm rthgs sfnther tildng semeblng aThée gp‘h?dtoelectrlc
ronic swi.tch set 18a. V\henthetlmn

to an ele
sengofod et t ¢ ﬁ@em%# byre shiahlei powergsowes,  YWNgh hrihe timing
r refl
I'Le‘P'E tr@@iég‘qgaftﬁlrene&%srrlrt;idﬁgg% R ln"JFlgﬁrenQ I@g ﬁ@tﬁ%hpg%tgglectnc
senaoreridal iscraftegied dackHot fbééh e‘mml imiensdrech tapetdy, closing the

ending the signal to.an electronic swtch set, 18a. :
inEput o BHORRESegsTnddp. [enAbic fesf fhan electronic
sviehidet aBashiwenitie Bt @héel Isi @idteli ke RMé BBsition shown |n Figure

phot oel ectric sensor b is reflected back to 11b fr

6, fight igmviheethategjeainia, seores il g is Re Iom@rr@ﬁecf@rirb,aﬁktwoﬂa from
tlnﬂngt\ﬁﬁécﬁctl | 90§,GE8%3P thg‘q%'rﬁﬁ 8rc§J|thf"ilphb9oquctnc sensor 11a
opens, ending the signal to 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 {o an
electronic switch set 18b. When the timing wheel is rotated to the position shown
in Figure 8, light from the photoelectric 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



10

15

20

25

electronic swtch set 18b. Wen the timng wheel is
rotated to the position shown in Figure 8, light from

w0 b@spkavoel ectric sensor b is no | onger refl eptBAUDMER01643
to b fromtimng wheel tag 1®a, so that the internal
circuit of photoelectric sensor b opens, ending the

elédtﬂ@@bnﬁcﬂsm 2hRrg tr1eNi ThesBhiboliraent reghireds phwwnsource having
re , the stator excitation W|nd| 5 of the

thr@eev,qltag@dev%t whergly a8 infaapediate YOlRIS: neiecded goatinuously
tol:g:ff?gty‘g{)ec\?éﬂoﬁeoil?hgae CH&WWH&mg“ﬁt chgd dBYESEJo%r source 19

spee roni ¢ swtching devices 18a an
prbvndggar&awil’reysuﬂpday ploidied ecttages sEn¥pOY andhrlWl rebpedtively where

I RN TN -

asCRBRECACEH GNTIIRUQSS! the! GV"J‘Wfrbr Bt c&rﬁ’cm&ﬁﬁslypﬁoﬁﬁeé@& to a first
excitation winding 5. The DC power source 19 provides

coangctidn ef thedploywive mwwt@@we/etat@rg;mlsoﬂha@e@m erhnectjon of the

SRS 55 2T 48t By ) RSERRAER) s

device® 188/ahe 13bH bBtwseh trteh@u@mewwe discar@etignions | disconnected
connected to a first connection of the two-w.re jnput

ando+Y e cyelist Hanper ps desabechinom@re eatrildiglew. ofhysik can be seen

t o] [ j
it EEph At ot 1BAUEK S0l G el 5 of e
voltataeeisashehanuit }iBEilSCdﬁhGGﬂﬂ&@ frommeittierdf the Yigh or low voltages.

di sconnected and +V in cyclic manner as described in
nore detail below Thus it can be seen that the second
degok@? S@hr@éimllghybé\%b@h@éd irad r:gmgé oﬁWathmm]d f ngadyattery of
of the volta ul ses en it is |sconneqte
cellp idh a&ﬁk@crfgfrﬂmgw Btemgriatel qeliguevid E\Qctﬁeant%m@g@ée voltage.
source m ght be provided in a range of vvays i ncl udi ng

a battery of cells, with a takeoff froma
It vl é}e«éaelattbatémtcl@raﬁh Hendp wied i &ehw Q@ecuraqentaf@@ﬂ power

SO I’(% @ ﬁ\? Bk dEoiftMshCh 55 r&8tidP \ﬂﬁié Wwhch set
i Brbardi fid

Frent q T omm powWer’ source stat or
1%@ is wfrbdlto detieerf ax mmelntd‘mraqicm soummé egsmmxgh siator coils 5a —
is wired to deliver dc current from power source

5't'ﬁrtb%gﬁ?uve§§%95?c%? s 5a - 5|, in the reverse

direction. Direct current from power source 19 is also

fed via an appropriate mrc* t, X ) ..
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 assembily is provided
with twelve stator poles 4a — 4l 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 — 5l, 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 -5l in the forward direction, magnetizing stator poles 4a — 4l
(Figure 5).
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t hrough the photoel ectric sensors a and , and then (at

the correct timng) to the electronic switch sets 18a
W@er003885406 0 turn them on and of f, poweri ng st aPCI/AU2I0#S01643

5a - 51. n the enbodi nent a<®described, the stator

assenbly is provided with twelve stator poles 4a - 4l

an@.) Beectoctmrerasfmmr‘pbwe'r soproavi Yt threught switsesetotds to stator

I d_17 17f t
Deiia b sy Savioh ke PaBREERER bt i SUReEa -
re%cﬂégakqp,dg‘fregye shaft 1 and rotor assenbly 2. Each
cycle thenis made up of four parts, they being: -

(A.) Direct current from power source 19 is fed

t h{%ﬁ;r WictifBn6 %rﬁlngév\feP SO 9CRi g tﬁﬁ;ugh%witéh %B?18b to
|rect|on gneti zing stator poles 4a -

( F$tgtmecoﬂ$ HeB-3! |mtheafeveraerobmctlbnomagoabzmg @mu:a@ po@é 4a - 41

t f I 5a -
tu‘l“ggg OBPPS' ea&r%getd %éﬁ@ﬂr%z?: ors1 o? st at olrspol es
4a - 41 to decay (Fl gure 6) (C) Direct current from

Cort & D5gel Sret e oomiar spmeale Gt Fonuataylich B5f M to stator
st &diRr54P05198 tdrded cﬁfl a'lleH@eth@ﬂﬁQQhét&aﬂbﬁ RF k26 Pdles 4a — 4l to
olarltef‘/:(l:lgure . (D.) Direct current from power

soleeay reffough svmtch set 18b to stator coils 5a -

5 is turned off, allow ng the nagnetization of stator

poles 4a - 4l to decay (Figure 8). This cycle of the
Thisyaitioh thes bwitehing signabpenhiy ropboteraleeiric sensarsot ta and 11b

o 3 BB TRA 8L o PSR GedBh U Jo e o
volt8§é 86gmeemd l@)febfe%eg@plﬁv ﬂ'féogvl&phrshﬂ/\@ﬂlh@@@re Tring

one conplete cycle, the voltage across the stator
coils 5a - 51, rises fromO volts to +V volts, alnost

Durf GHY 859pIs ¥ycles tljféeb@lta@e a“éfo&@ ke sfaldr @bils 5a - 51, rises from
pr édet erm ned peri od which tinme the swtching neans

0 wilisdonmévelss, tahaostelaamtanﬂwsly imbeldatrigeltsion afiedetermined
peglpﬁggtt Whxclﬁb?FnaemtﬁealsWtch%gomve(gntssdls['sgr?ﬁeétsc‘ tﬁ&" §ecd?>ﬂ8 input, the

voltage then falls back to substantially to 0 volts, then is switched almost
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 O volts.

The switching to a high or low voltage should occur as closely as possible to 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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I nstantaneously to -V volts, is held at - V volts for
a second predeterm ned period, being substantially of
w0 b330 durati on as said first predeterm nedP@EAUZIMA/001643
at which time the switchingl®eans again di sconnects
the second input and the voltage then rises to
The uistomnectdn pf thevsédand dorenestion dirimdhe diigh bi ighv woltagenshould

T Tl T -
Thf%ﬁhéﬁie?ﬁ%ﬁbgaltsoto% LEFRAAIL MGG B8 Whfibltiohadfdhe motor and

I's I's necessary so that the electron current flow in
thet peramatetsavhich deteiing iSandrthedreaseons far it @re @k fudlyi unglerstood

i,S mnimzed. Testing.has sho t ha he .ef fi.cien f .
at s el BB var  aeidiptiy of SMBN LB ol T PRt win
calidd dighifiearfWeliGBhnaraffene WEidR tan o6 Usuffibient to destroy the

di sconnecti on of the second connection fromthe hi

h
swiighingvenmitasaiie sefmsucantguations urlnaiests, o%éﬂ‘?ioé@CCOfO%nQ to the

i ble - [ j | i el nar
o Eh Bl iS5 35 SCOMBEIS SHbLRERS SYRL b REEIA pericd
betwsdri puises bbromiedtiba torelther afitblethigh paloamesdlge odtpats.
determine it and the reasons for it are not fully
understood at this tinme. However, deviations of

TheWpegdtiorgof thesviitthed @I eleetriomisesrtofuhé lentrodieent may be better
significant current transients which can be Sltﬁfi ci ent

ungersgrag by furihes refprends iog-igekasca o Pn 13 gpgration, the rotor coils are
ené%%éé?% i 38fr Hbl%ﬁ‘e%ﬁ'x 187 AR Sherdpef b il rtb?orl @oles 17a

nment required to be di sconnected approxi mate
- Bi%df eneegizgd | sautpe(Figude b4t weEhisppblseity o rcdnreversesh during
to .either of the high or |ow voltage outputs. The
OPBIAIPHt i on of the switched DC el ectric notor of the
enbodi nrent may be better understood by further
reference_to Figures 5 to, 8. n operatian, the rotor .
At pgFiiena (Figier ) e oB1aTiA - o BRIBGIRS Gl Snargizes, begin to
opEB@é HeZ RSlonB5IER 168U 467 &R} 97a PAeSardd thducdd rodF € to move in a
nergi zed south (Figure 4). This polarity is not
clockwises ditection. ngyheperaden @nreashep oxisitiam BA (Fiputgite @)rrent from

on B AEShT & bS8 SRy B S8 10m, ana o
statdf coidBh | BUUEEBPEAE@ENE cUBeRPHEWI fFord dc power source 19 through
them ceases. Back emf then continues to energize stator coils 5a — 5l, until their
voltage drops to 0 volts. Rotor poles 17a - 17f, 16a - 16f, meanwhile are aftracted
to the stator poles 4a — 4l inducing the rotor 2 to 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 — 51 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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cl ockwi se direction. Wen rotor 2 reaches position B

(Figure 6) current from photoelectric sensor 11 a is
W enosess4od f, circuits to el ectronic switch setPdBap2@mdo1643

to stator coils 5a - 51 arelbpened and current flow

fromdc power source through them ceases. Back enf
statdreniacout,icontisud (o moeedn accistliawiee directisn Sway fidm thenbpposing

their vaoltage drops to O volts. Rotor poles 17a - 17f,
stai@ypaleg 68 — Heanwhil e are attracted to the stator poles

4a - 41 inducing the rotor 2 to continue init's

cl ockwi se direction between position B (Fjgure 6|) and
Whessiateiod resghasgrasition D (Bigsie thewsng frop ahgtq%'%tﬂrgsensor Ia
is W@d oﬁaEir & {oe@gﬁr&ﬂc%@\ﬁfcw&%? {ab, drdoty ﬁa?a&édﬂg 5a — 5| are

I'mng photoel ectric sensor , 1s turned on. rrent
opémexadd @ovent fleoufrom 86 ddveerssawrcel Erthrongle thevint cdassst Back

e 2B5A CRRIED BRCBE SRR ool ey Eifzggrises to 0
volfoglﬂ@oﬁeoles%aum gihe7d evef, sSeshiviart é@ﬁ@@g@i tBlghé B&or poles

-V volts and inducing a reverse order of polarity =
4awi 4lHnducinathe rgden 28 gentinugl in ite Elockyisiecdireriign-befween position

a - J16f,. now being, 0 e r - 41,
D ¢iirp e Sl RN SR R B R R Bl 2y 1 om
t he opposing stator poles 4 - 41. \Wen rotor 2 reaches
sition D (Figqure,8) current from phot ectyfi
it S35l B3 10kl Ao opr Ebet PR, PEIFRY pove may be
indepehEBntRémLBE, DeMdWP spupsON 9aedstoSgrovidel elatigicqrangdo the
and current flow fromdc power source 19 through them

stagerawinslin@aasshawn imEiguseritli auaketnativplyrrpvwer mayths taken from

the&@%ﬂﬁoﬁ&s'ouﬁc’ll%gg_%ifggi@%;m_@ tage rises to 0 volts.

pol es 17f, meanwhile are
attracted to the stator poles 4a - 41 inducing the

5581 ol R ok e SR Ee B Sl Rypgr of oles
ontthe eyt & Isepessst o 36 tatdr. sihelabibal mohber dhaachhmay differ
rotor power su pl%gmenti gned above ‘rmﬁ%\tge i ndependent
r

fropT 1@ RUEbEK Smedment dgaciiech i HSt DecMen; te provide
on DRSS LB AR i 3 g i fboa tat e
nustbar cef Ible® sxlected wilk beotoame of the factors contributing to the
performance characteristics of a particular design. It 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 result.

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 coil may be
replaced with a permanent magnet. In that event, the need for slip rings to the
rotor will be avoided. Many altérnative switching means are possible instead of

the photo-electric sensors and timing wheel arrangement described above. For
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t should also be noted that the enbodi nent conprises
an equal nunber of poles on the rotor as is present on
W b@spsavor . The actual nunber on each may di fPEI/AD2OM001643
the nunber used in the enbotiZment described, but nust
be even to provide an equal nunber of north and south
exé\ﬁ?l@?tﬁ@?@tip@r ¢fall-dffé@ senderssiapdeplbed thdphotordlectricfsensors.
po

es, sel ected wll be one of the f@ftors coc?tri but i nq_
More bagicalhe tihe switAbed EXaPaWersPYTe CQULt be apRlgd tq thg rotor rather

osi . . il Lt by _
o) B sl BN B 8555 Syl of e
maichireer Likewiobeat vhifohdamsedia flevainthase shileduwlleknow that the
the stator, although it is expected. that sone .
theogirs | Higadt ite iOHRSS o upter ORoLe AIARIPdAN; RS dp (Provide an

ele%‘ig’ldgg g@ﬁ RorZ eThiethd Baboarhant ®schibed @ahadaamnbeiapted as

pted in many ways while still incorporating the,
a gesweatpr.alt is datber agpretiaten that\airauchrvariadions rase 4a ke, cansidered

. f ' inth t at d t b

T T S N RNt U R
excitation coil nmay be replaced with a pernanent

TeRBHEH 4p FICHE Mol ciseoraango ars rnanl Ve S Ay e motor o

haV®angigh! ®casitdiepdisrhradeof It thae db®beenl feohdithat motor runs
sensors and tim ng wheel arrangenent descri bed above.

cogler thesnp cempataite Majobel ¢evendona desinsor s may

repl ace the photo-electric sensors. Mre basically,

the switched DC power source could be applied to the
Thrastghout dheexpeciiigation tnlessttheoeonipxthtrauiresapigenyisenéhe word

« fundapent al . t.heor f_.0 ti.on. Of « ] in
cort R <8, Aty el rsn EEM R, 8 1ocs R M b ynderstood
to Kr?}ﬂy\/tlﬁ@ﬁfcldsh@ bheetdtes integer dogroup i dtegersibuirnat dine beclusion
adapted in reverse to _provide an electrical generator.
of gy gther énteadioer 9reHP AddePPiSed can readily be adapt ed
as a generator. t is to be appreciated that all such
variations are to be considered within the scope of
the invention. Testing of an electric notor according
to the enbodi rent has shown the notor to have a high
coefficient of performance. It has al so been found
that notor runs
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cool er than a conparable notor of conventional design.
Thr oughout the specification, unless the context
WO e@aiosas0 ot herwi se, the word "conprise” or vaPCHAU2I03/001643
such as "conprises" or "conmpBi-sing", will be
underst ood to inply the inclusion of a stated integer
group_of integers but not the exclusion of any
Th@t%@imﬁrﬁgg‘é'ﬂgdhedﬂﬁ%'bt'% are@asfellowse O ai ns Defi ni ng
the I nvention are as Follows: . A switched DC rotating

el ectrical nachine conprising a stator, a rotor and
1. swit ewitehpchPhnEotaibng: elsciroal daghine cogHising grstator, a rotor and
f
oA L8l 2O £F L bR 305 1 8 ! Sl Binaing

hawingna einstr gndeavl stoosd isut g excitaiorowinding roedng radapted when
ity of poles ass citation

pl ura ciated with sajd e
e”ﬁ}l’gr%ﬁgnﬁo C?H%emgﬁizﬁﬂo?rﬁgr%‘ BYM PlUEHY: @ p@lgsb%ssomated with
sa@é&ﬁtbﬁéﬁ%%nﬁxﬁt e qui Hga&%aﬁgtﬂe‘ﬁ?g b8asidtibhd %géotc:l?éed with

out put thereo |rst and a second i nput
a Ib&moitage (snumm’@i svgicht 1he dmplwtdhea&gﬁ te dhue Gest pmd\a sikgogdanput of

| ta h |
the Seitien Sretin e RC s FHe TubPoerantBee i Bftege output, 2
hlg@pt\/@lﬂég@wtrﬂh?%ﬁ@dbﬁt idtdrired@teclsltfpl RehiRNhadhg éﬁ electrical

the high voltage output and the | ow vol tage out put
pofgidiakinternediate fthﬁeelfaﬁtfl@almweaﬂ@lswﬂ thadugle yofiage jogtput and the

' I
o SER4d B, PRI e Bt R Lyt
coAngatedito thpefidt iimputhyf seid exeitatichiwigdimgaasd hla@vmond input is

connection with the gh vol tage output and the | o
SW@'P@%@E%QMCB%PPG?UO kﬁ%‘@'t%W'Efg]mgrﬁﬁﬁr}fﬁe %té‘,"e@ﬂaqor?@&%‘?” with

thé3hi?r\"()gka§@%{ ﬁ}atnlang){(g\J\,%\A% éBﬁHﬁMCl ic operation also

seg nts of tine second input is
dlsconnected fromeither of said IOM/voItage or high

vol t :
2. ARIBUBPIEEIE, s BRhBEA Bl ESRILER B £ Brfhe ovne
opesatmrﬁlscg urrcehnidesasagme@hszﬁ timol ademt thposkndsapm Iatdm:onnected

Wi t saldec:ltat on W ndin tho osite magnetic
froﬁb?@?‘?"tcif sa, Ithv@ qumgh REPYLS | aj med at any

one of the previous clainms wherein

3. An electrical machine as claimed at claim 1 or claim 2 wherein the excitation

winding is configured to energize adjacent poles associated with said excitation

winding with opposite magnetic polarity.

4.  An electrical machine as claimed at any one of the previous claims wherein
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 output and the high voltage output.

5.  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.
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the voltage differential between the | ow voltage
out put and the internedi ate voltage output is
wasossave al |y the same as the vol tage differ epti/aD2004/001643
bet ween the internediate vollfage output and the high
vol tage output. 5. An electrical machine as clained at
6. an}Adn%]t@ctﬁéalt nhegnihe\dsoctlainmécaiah’any\/oeeejf ithe peeviouseclaimhs wherein
said stator and rotor not .conprising,sajd,excjtatian
the P WHRTHED 4 st PWEEhiag Mapds i SURGITPFog MlsdhedOtstoR,pt the rotor.
el ectrical machine as clainmed at any one of the :
previous clainms wherein the switchjing of the switchin
7. roWs ClestrAdRAGMHNG B vilaiMach it ey | ivisreim Svitghige. Means
co%\ﬂritégﬁ?ée%wg FRlanBe IS 35 CLREEHitcHing loRithe B WHRIR) heans
S c¢hing ans conprises sensing neans adapted to
accaudirey viheabiationalf pddittorsed thehrotoy. means according to
the rotational position of the rotor. 8. An electrical
machi ne as clainmed at claim7 wherein the sensing
8. Me Ams cletrival seschng et delreed rdtcclaienFowhesein Ahe sensing means
el ectri cal n&%hine as clained at claim7 or claim8
coprsises @ RNAUPHCREICAFOEPT i s associated with the sensing
nmeans to p][ovi de a reference for the rotational
position of the rotor. 10. An el ectcical nachi ne as I
0.51 ArmelpoHicahmaciE: G GPFE 2 9 uFoPET § NeedoRdiming
wdééﬁ’% %sso%\@téc?r\ﬁﬂw tt\aﬁt%s‘%%nﬂé%é Qﬁepl%‘ﬂd%uh Refefehickhfor the
ow voltage out put en a pole of the rotor is
rotadisnl posttibn of thppotoed rel ati onship to a pole of the
stator. 11. An electrical machine as clainmed at any
one of clains 6 to 10 wherein the second input is
105 WAre bledtrioal anatihireo as estaistbcs by singsofaclainas Bytoa® wherein the

s g S BRI e 1 e LD 3P 35 e vt
wﬁ@b&&%OWé%ﬁbrt Bep S irﬂBEFoéeﬁj AhIaETEMS 16 S poRMdf the

tage source for a substantial proportion of
statbe cyclic period.

11. An electrical machine as claimed at any one of claims 6 to 10 wherein the
second input is switched to a disconnected state substantially at a predetermined

moment selected to minimize transient currents.

12. An electrical machine as claimed at claim 11 wherein the second input is
disconnected from the DC voltage source for a substantial proportion of the cyclic

period.

13. 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 coil associated with

each pole of said other set, said coils being adapted to be excited by a DC
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13. A switched DC rotating electrical machine
conprising a stator, a rotor and sw tching neans, the
W@ e@soss4bei ng configured with a stator set of POI/a52004/001643
conprising a plurality of mldfnretic poles and the rotor
being configured with a rotor set of poles conprising
vohagi Boatdetlyy afeamegasted ficst hoputsandaa eeeonetinmit t®ahdreby induce a
stator_  set and rotor set bei ngemcson ic(gigqred to provide a

magqalietield i asspciation wh seplpo BeiBg fWigyead to cause
. £ T . ) . _

saff ThAdiefic fRihs BF Afn il a6 30 B M@tk (5opBlsRelotarty,

conpedtionbiei sajd 2@ piodidge sobieces keingecbridsolled v sdidageitching means

sour ce by neans, of first ,input and,a second ipput_ to
WHeRRE By Hariooe S i o (thel e S pEHRRT R Hid istSr, the
m&HlicRRIEof ) 6he 8E1 & RRIPIH &PROVBUEREIVE Q0 ¢Re PBIetabitthe other

magnetic fields of adjacent poles to be magnetized to

sebihe H1G woltagensourge hagge tavovoltagesauigpub@ hightvalfege output and

source I.n ont rol | I.d 5 Chi 2an -
2 R e Ha e, RiE bt Ut BT e grmediate the
eldddiqe Potétidid of shatimgh vidtagsaanpti endithbdoaf vélteyeobatput, the
set is adapted to npve relative to the poles of the

intgirediataeyoliageesouteul being geaptas indiseale; hrycantinsipust ¢aected to
. vl t N i i .
o 1] i T S04 8R4 Py gPP oL AALA'S bo cyccaly
swiitched hydiaid swittleinglreedns betivepot s=id i@l soliége batrhit gimd said high
vol tage output and the | ow voltage output, the
vo[tage.p -ate vol tage output being adapted in use to be
conti nuously connected to a first input of the said

coils and the second input bei adapted.to b
14y &1 Pels B (G0 BIPbtacl raaTen CALTRRBiIe AupiRER rotor and
s@ghﬂg\l AWM 539 & UL 'é(até‘tngnﬁ ?’bg)rmcgﬁpﬁrfrsglg%%ee%ﬂdﬁ%- winding

swtched DC rotating electric i ne
havimgpai fdshgnd stsatond isputptie exctativn minding baingsdapied when

ergroitichlp FaieTgane it ot EXaRP NS Aok Ssociated with
sarK&didtibR WiNdiRgiand hehdeorttartedo ‘éh@l;)qiﬁé‘ 86picéRbs4i@ associated

cause magneti zation of a first even plurality of poles
poigss oitat epasite hmagnetie x peladty, otheni atbiehgpfasaich taigr and rotor

oo B SEebg ERNABIREIIRTRS, 58 UERRAFHAL BGh6 Bcavted
to $leadsyochiied Withoa DC voltage source to 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 to an
energized state when a pole of the rotor is positioned in opposed relationship to a

pole of the stator.

15. An electrical machine as claimed at claim 14 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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conprising a second even plurality of poles, the
swi tching neans being adapted to be associated with a
woOdososuege source to switch the output ther eoPCT/au2004/001643
first and a second i nput of 1Bhe excitation winding in
cyclic operation, the sw tching neans being configured
16t OAmaelleetrmA tmehihn@ ab didiimefeixai tlairnotd wmdsiamQhe(and input is

ene |zed te wh f t tl
SW'tﬁh%%ri%s%ad SR sats sy te rregBBmin Moment
se@% Hnr?l MRe e ai med at claim 14 wherei n
e cyc

cycllc operation al so includes
segnent s of t| me when the second input is switched to
I

175, B BoliparAaRARE s Hoicd 28 ahl ot origirRORd 56 16 %hBin the
switehiogbfitig stvittsingwnéarteld dyochainisat] witlo threetiatibrs otthe rotor.

substantially at a predetermnm ned nonment selected to

mnimze transient currents. 17. An electrical machine
18as Al @leokidabaghineoae cleimed ait amylelaito 1 IGNIvdTe'mea';witctFﬁmag means

swtching of the switchi neans is nchropi sed
coptRispBISlY BlEaMReAdaRies ngl%ﬁU%Sm i7g i dhe Fﬂwﬁ“@ means
ac@éro‘?ﬂ@fd‘fﬁg rBlat®A¥l SoSHich 617 tHe 1Rk n swi tching neans

canprises sensing neans adapted to cause sw tching of
t he svmtchl ng neans according to the rotational

1P O trQ:fal %Hﬁl’és%‘é clé@neda‘ﬁ elHGt 18 GHerSRCtHNSerRing means

¢l al ms at clai wherein t e sensi ng nmeans
coogises sgshaoglkotricedessbr.i ¢ sensor. 20. An el ectri cal
machi ne as clainmed at claim 18 or claimwherein a
timng wheel is associated with the sensing neans to
(pr @i electicakfreobireeat @laitied atotlainh diadr gan tliSowhefein laetiming

or. 21.. An electrical hi I d at
ke e S P e o bR sl Ehe o the
rof%{tlgﬁél?fﬁ)%ltﬁ)ﬂ@ﬁ"t’ g%{(ﬁge out put, a high voltage out put

terms I at e vol tage out put having an
el ectrical potential internmediate the electrical

21p°tﬁtﬁgél'g€f5%apﬁ1a'bﬁg}1e2%ég Plr?Yrﬁéél 2QenY RISt ABthd 12 tb 20 wherein the
DC voltage source provides 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

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

the electrical machine is an electric motor.

23. An electrical machine as claimed at any one of claims 1 to 21 wherein the

electrical machine is an electric generator.



in use the internedi ate voltage output is continuously

connected to the first input of said excitation
wowrmdiossgoand t he second. |nput is switched in SBCTIAU2004/001643

cyclic operation by said swilfchi ng means between

connection with the high voltage output and the | ow
24vomqa@@ct®|utapmtacame dAncleinesd at aay omeadfithe pasviolgictaids atherein

ny one of the previqus claqu wherein the electrica

th%é‘l*ﬁa’ﬁ'@” windingds assegiatefoyibt thexialokn el ectri cal

machi ne as clainmed at. any one of clains 1 to 21

wherein the electrical machine is an electric

25¢e ey elesiricamaghing| ascelpinesd ahgiain M4 wherqiathe gotgr camprises a
t at

Wiyt Ze BB P H0 SRR Qg o "

electrical machine as clained at claim24 wherein the

¢ @

26 Y o BEREL SR o A Bl AP 8 LSRR 0P Bomories o
pethaheridnagnel. ai m 24 wherein the rotor conprises a

per manent magnet.



