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Title: SWTCHED DC ELECTRI CAL MACHI NE [err] Abstract:
A switched DC rotating electrical machine (1 (
WO ng a stator (3), a_rptor (2) and swtc {%%2(}{}4/881643
nmeans (1lla, 11b, 18a, 18b), an excitation w nding (5)
associ ated with one of the stator (3) or the rotor (2)

s@\ghﬁ R9 PCAbEtrivhal MuHiRe” t he excitation wi nding (5)
adapt e 0 cause magneti zation of a plurality of
magneti c poles (4a-41), the switching neans (I la, |
, eing adapted to be associated with a
FIAE)%Othﬁtéz!\%ﬁzﬂfce (19) to switch the output thereof to
the first and a second i nput of the excitation
t [
Thiﬁ" é\&;@s@ﬁ% argpgngélﬁ‘erg%?é’ 3&) @ﬁtsﬁgﬁgﬁgg%gmﬁ olc%sd N4 Barticular it
disolatspata €V wagtd aaramgyiy sed bageating aueldchVg moﬁdmemlegeneretor
use the internedi ate voltage output is continuously
connected to the first input of said excitation
Baokgeowad AH® and the second input is switched in a
cyclic operation by the switching neans between
connection with the high voltage output (+V) and the
Eldcdig M@t@r@%v@tﬂd@ﬁm(wﬁeﬁa usé/‘@r%)@f‘@/ 92240 years. In generai such
PCT/ AU2004/ 001643 -1- "Swtched DC El ectri cal
malpshaeeciassifiadiapAG fRitarRsiEng coremrherPeseéiiect AviERRY Ggcording
I
to fif 8%2ef Gl G854 B oA RE Sach MuRER VR o sud
claekiéichiiorns BRisDrandr agwrcw auanberSoBackfgotatibnAr havs emtew tried to
nmpt or s, have been in e for nore than 100 years.
obia gefticHar PeERERaN R E <'f""§0%f"é3“8f5assu fied as AC
(alternating current) or DC (direct current) accordi ng

to the tgpe of current drawn to power them Wthi
Th@aach/em h&?W‘é&M’%ﬁySQﬂd algte d@f"ﬁ’%lﬁ’rqc@aﬁﬁ gHed %%(F@fi tEMﬂStOVS or

SC?Q%%% eHHlS‘fggt ggﬁﬂééﬁ’ﬁ ffi{;)é”é RN cHRVSHRFRN dbElgRY if %ﬁ‘gilﬁc and

rmance characteristics.
DOadmetﬁrs,ofallbmg’rg cnmpc&tantswhpnbvsehmmsdml bes obtaithed@sfor various

ADHEGES. T MolSBIe A IAPOTRIS: GHET i St ey WiCAccurate
po?“g@)ﬁélsser%ﬁﬂgo&é\ﬂ%?é RROE& te?‘\%blédrﬁ{cﬁ&%”ﬁﬁbé de% cpmtﬁbﬂfeﬂhe use

I varil ous ications. In the area of not or s,
of theohomiewitaioss, thewgbivesionifithnty cedetieg 16a mwiancenmqu irements of

ensi devi.ces .have enabl.e tors

uGF CEtst he i P S RE” 5L SHE, (R ep i) Gna Fausto
GL@'SGJ@MH inansl4678dNe i i MRONBEMBBEE ArdukaRMRAY 8f Ohly 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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such notors. The disclosures of WI kinson (US

WO&B%(%F%} 3) and Fausto Quastadini in US 4, 67%7&2%1&{)1”3

564 are exanples of_conly a few of suc
desi gns. Neverthel ess, such devices have relied on the

. MAj ic field di
iR eR B0 MvsnBRe Tor their design. The precedi ng
di scussi on of the background to the invention is
nt f Itat
Aot PRvaNe e ST BEbrapnPGE taRled Higrcd] fgacnine

corﬁbﬁgiﬁgsa @eaths eﬂ%taﬁ@ar@pgmmﬁg%@@ﬁg &e afl @aﬁ:ﬁ sfwort BAd rotor
the materi al referred to was part of th

cora@ﬁaral ajeaxgitation ydoglisgdeaving Adisstrand a sesoad mmf trepexcitation

wirdfe Relsbo B ash it sPREETte B aietiaanl g puraity o

polés eexdtiatddywitit beid encitation mvmdaﬁg dibe S\rﬂtohtrﬁgl\ﬁrtefahe(ﬂ)e@% adapted
rotating electrical machine nprising a stat

to hoE6FOBAGISNIT IHG goﬁaa%oum@etooirww B2<ape tharmpf To the first
and & Qécon‘aouﬁﬁgt §f i@ é[liltﬁd’gﬁhtv%{jggf ik ?d”golgaaq:é Egun%e dﬁr{ﬁﬁjmg a

and a seco I nput excl
lowadalma@@i oMmmnt anlarggn zelthd® omamﬁeamhgxmetntemhe:abateoﬁ/o[aage output

i 61 e AP OO g T el o Skaisek dolgg A Of the high

voi?a};{%‘)‘c‘:}u a8 dami tthe 80RC\REGRASLIBOUTWBecth SMV' u§é‘ th8€intermediate
put thereof to the first and a second Input of the

voltags oatpu nlsmwﬁinn@usw sondel tiagthes (f)!l:ﬁtc @ppit ovfi sk gexcitation

1 ow val t.age out l.t age ut and, a
windifl R aRERsR A eyt G ed e RSl et pfRaig switcning
meR@E epétnitleni Qcﬁr@fe@dh ajveh tthe Eﬁbﬁ&ﬁdiﬂa@@' otplerindate Mw voltage
the high voltage output and the | ow voltage output,

Oulgérein in use the intermediate voltage output is
- continuously connected to the first input of said
excitation w nding and the second input is swtched
Actordingcipcd ipesfeped deatore objhesmivantian, tthaichgle afghasyclic operation

aisBotREthd SPOGEhls"Rs ol witsh M Betithd WG Pldbafiitied rom

sitfiraifwag] Riv YdiRgeDrangh 9Bitagdsulpued. e of the cyclic
operation also including segnents of tine when the

second input is disconnected from either of said |ow
AcYSIIRP80 08 HrefiratPlfb 8@ OGt MY Snvention, 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 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.
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According to a preferred feature of the invention, the
xetation winding is 20 configured to ener .
WO?&%&@%%O pol es associated wigh said excitati g’lﬁzr?AUng-t/O(}l(«fS
with opposite nagnetic polarity. According to a
[£ f .
AC(gdrﬁIng ? r?i%b*égj W%g{ure %‘F tf’n?YrR}gr\'tiﬁﬁ th%hs?ec\’)% [ﬁgﬁt |stshw1tched fo

the T ow vol't'age out put

thel higer veithgrt eutlt targibeoipipubliage Dubaitawhedla ypoldef tsametor is
as the voltage djfferential between the internedi ate
posiipRed B QRAGGA ralagonsiain tog peigwT g 18 out put .
According to a preferred feature of the invention,
wherein the other of said stator and rotor not ]
Aceriing i agrafgirgddraiurac! dre Wveating. Benincosdsingnt isvaitched to
0 00510 I~ 0
o BothlioshesP S b hF R0 AR FTLAARLAR A8 o

mirsedantangipot cursergsd t ched to  the high vol tage out put
or the | ow voltage output when a pole of the rotor is
positioned in opposed relationship to a pole of the

AcSérairgy - toAer opi@fdiead Ofeatpeelddr tiesl heshtitre Qfﬁet aecond input is
i nvention, the second input is switched to

disgprrenind dosy the @@e’%t@%tw ‘P%fqrya %Hbséa'btfaé@é@@é?ﬁﬁ‘ﬂﬁ sfjthe cyclic
fgogrent sel ected to mnimze transient currents.
pe Accordl ng to a preferred feature of the invention, the
second input is disconnected fromthe DC voltage

Ac%@’#{r@tg %Ool‘%\fecﬂ’etaislte%%rjeaef e O@?@Hl(ﬁw tﬁ a%v\rr]f‘ch?ﬁ/oér: ‘fhe switching

ccording to a preférred

melany éntiiechrohised swdhttbbirotatioh dfhiee sstot.chi ng  neans | S
synchroni sed with the rotation of the rotor. According
to a preferred feature of the invention, the swtching

Acw@ﬂﬁ%ﬁpme@ﬁ%d fegiusd Bg tﬂm&wena@l@ahe@vmhwﬁreans comprises
SW t of the switching neans according to the

sem%@@tmw agrded itd @a@setswétchmgo@f thessuighing@limrprsoageording to
theWo?zEtﬁﬂa?@ Sﬂ?r‘?g{’%%tori he sensing neans conprises a
photoele P

rirc sensor. According to a preferred
enbodi nent, a timng wheel is associated with the

Acfogﬁmggggfaag%rgi e‘?ré’é@lﬁ%&ﬂﬁﬂ@’n%@{ gl{h%ncseenfs%b trﬂgans 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 configured 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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Accordingly to a further aspect, the invention resides
[ Swtched DC rotating 20 el ectrical nachi
WO&@?‘F@’PF'@‘:{)ng a stator, a rotarg and switching rrggﬁfsAwamm”
stator being confi gured with a stator set of poles
n ,
corﬁ?&ﬂ?%& Etgc%%&ceg% h}agﬁe ?)t(gtag &;eg{te&c%lggqp lgg of opposite

polegityp Icoshegtioh topéaw a:b(r;tvmtt@@e rsagrm beingaloagolled @Q%a‘i@tswnchlng
of said stator set and rotor set bei ngt confi gured
megngwviRreRY i gag: b¥ the ertatiom @f e refen sfithgespest 9dhe stator the
|
BB PREDY BB PLpREI D8 1R BURobl e oner

setotﬁeebfb‘aﬂtag&amurc@ hhSInQGhEI iogs wolteateeatitpot, behigh ebltage bytpait and
vol t age source to, there
an Ml SederaYs B P bdenrpaniate Yaltade LTt Beinsgadesied in use
o %%lgghma netil &;rrl‘ el ds%&%l %%gﬁ'i@étn‘%ﬁg%%g@ %qglé%o‘t?e Rd mput
bemgp@@med tpdﬁ@ny@lmailm @mmtebedday saidsawitcy vedansgeetween said
I @ice b 8 t.rq} | sai z_fvm tching neans
OVYNH a@&/mi' i sy ‘%V? %t PUWU5f the rotor with
respect to the stator, the magnetic field of the one
set,. | to nove relatiye to ol es .
Aogiikiniohs T e fufinat SBoub ths diveniGna@sidis: gt ShitGed TC rotating
eIeY:&lda@&?adPaWé’HémPﬂsﬁbgi‘st\é%rt OBDIOUARY swRBRing3eans, one of said
i nternedi ate voltage output, internmediate Vol t age
stadort pod rblirnepraprRging d axcitasiont @nrb:éngo“mvmgjaufsnsy and a second
in g n[ﬁct ed hotloa firs : ult of %gea dquO' s ran% q u
Pdécontd |%8 FUCThet %ag?@@ t% H%al er,r)l/e gifi fjc gg cause
magnesigatibrs vf tC it GuepapRirdiey erepolssi &sob@%d/ Qlithaggid excﬁatnon
out put and said high voltage output. 10 Accordingly t
Wirailmgu ratnlﬁiebe‘égp@d"t iguferd 19 ReRgize rediassesaid rpfléess@ﬁﬁ@cﬁ@tﬁd with
I
15 akheg e 5 Bl 3alP o PRSI b AEY = Sboond

evér@bﬂfraﬁmmﬁmo%m gh@ewf:tthg aheams eng mm@& it geaasfst)b&ted with
and second jnput, the excitation w

a [fdafiage ARETPeclReP Bt ing %U‘E’é'wéere%&%@?'ﬁaﬁﬂdoﬁ s9oRd input of
thd bﬁcﬁfatﬁﬁ%n?@ V\}Iﬁlné | ngqgr?g&t)&? A8 SRA cﬂ?r@dmg'ahg b%‘?ﬁg? configured

excitation el'ng con 10 enetglze
to ecaljsxniictdag of fu emimlsnomf[ade@ foi @ eﬂen@mm statewbanptd pole of
r an

i b ebaigoRsd & Broses e tariant 3 PBk Gidhestatene

swi t chi ng neans bei ng adapt ed to be associated with a
Acgcpcrfj\é% 'Eg)ﬁ %55 ggrre ttis))qf%;\[/gw‘etng?thzahe egtlrli};glurtna:tzfnﬁé s [ante ectric 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 excitation winding in cyclic operation, the

sW tchi ng means being configured 20 to cause Lt ehi
WOg0¥Re*®xci tati on winding tg.an energized st &’?ﬁdl‘wﬁghﬂ(&m”

pole of the rotor is positioned in opposed

I t i onshi ole of the stator. According to a
B“ﬁ?ﬁéﬁ”@ 'ogﬁ%{)ﬁ]e?rgﬁqvf’"}%e el ectrical machine is an

el ectric notor. According to a preferred enbodi nent,

the excitation,coi| is associated with the  stator. _—
Tha desridRtiay ‘?6“%%W&*’é?%éﬁ“%o@?@&ﬁ?@%'%@r@wmgs of which:-

conprises a permanent 25 magnet. According to a
Figgxr eferred enbodi ment, the electrical nmachine is an

Fch 15 @ TeREHEPREHIC ViPNe of R 819 rTOYRN ANG SVAshIS Maans of a
swHEIR] BEAALCH R hbhin BcdrbgndOouiR Wt ARG o of

one specific enbodi nent. 200
PCT/ AU2004/ 001643 Brief Description of the Draw ngs
Figlip§ 285§ rféo%'i%’;ﬂﬂbﬁicmﬁgﬁl g mﬁ Etit_SF,e@f&CSna %vh‘&ﬁ‘ing means of the
ra ichi-" Figure I'S a“rear

acconpanyi ng W ngs of

- switslmkeDO elevfriewnofor ahetvatioFiguretipr and swi t chi ng neans

of a switched DC electric notor in accordance with
first enbodinent; 5 Figure 2 is a front isonetric view

Figete @ &t ah dsomedicovieandt §w fatbi Bf theanstchéd @ electric motor of
swtched DC el ectric notor shown in Figure 1; Figure 3

Figuge dnin ipesiiBiiic view of the rotor of the switched DC
el ectric nmotor of Figure 1 in position A, Figure 4 is
~a front view of the rotor shown_in Figure 3 in
Figyes ttip griront view pf e ©ter shove inrfggure, s dwpesitioné,
switched DC electric notor shown in Figure 1 show ng
the timng wheel in a first position (position A);
Figergdr & 6 frenfavipmont (e swilehed HeCsalpciiveanoe ehawt rn &-igure 1

2T PR S g whee! |
sn G108 BG Whee! B et o SBPM BIIRE A 1S"3 ot vi'ew

of the switched DC el ectric notor shown in Figure 1

.15 ing _the timng wh ' t.hird iti o
FickRa & B Brive)! Viei i B, 88hed R SGHER B4 Syp i Figure 1
sh&¥Ang|tRE tifdisg MRl inshevbohdp&digad epdsitickhBWM ng t he

timng wheel in a fourth position (position D);

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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Figure 9 is a perspective view of the stator assenbly

of the swtched DC electric notor shown in E_gur X _
WOZ’@"W*@W e 10 is a front view of the stator ajggﬁ},lﬁg&%‘%mm“

the switched DC electric motor shown in Figure 1; WO

SR TR I A B R

ang@nbodi nent; and F| gure 12 depicts the timng of
connection of the second input of the stator w nding
of the enbodiment to the DC voltage source via the

Fighitd tehidegice Qﬂé t;rﬁm@ebﬁ'cbﬁﬁec%ﬁc bf Rh& 0db@hadPirpleofafle stator

Enbodi nents The enbodi ment of the invention conprises
wingding ohthergmbpdiniant dather@Ehiatiegersauties vieohmsyfitchmg means.

el ectrical notor controlled by sw tching neans. The

enbodi nent is described with reference to Figures 1
DetailetbDesggriptiowofi Freférred tambodinentse el ectrical notor

100 of the enbodi ment conprises 10 a stator assenbly

3, a brush assenbly 8, and a shaft | supporting a
The ainobodiaesé mbltye Xyvesitiop commyiseBaa antati®ly, elactrical mgchine in the

fort LRI S 98 3Tl ohir et 16 sElaiah tmeray AC apbodgnent is

deé‘t’iﬁbeﬁe\uttﬁf@fe@woe t@rFs%lﬁ‘l%s 14tb124k Sil gjnd g}(atgfl Cglt !afor

15 00| I S 5a 50 5e, b5q, 5| _ 5k ~have their w ndings
r . .
ASS anlH e cj:%rgwl?fg%" 'tfgfel%gtrf%éphio%r‘ g(?tf gF'ESrLeGQ@E’bB%]?e’nt gomprises

ckw se rectton stator c ,
a §i;ator5a$sdmblg Bhei brushi ammglslyc&nﬁahguaemafb psuppatéinara rotor
excitatiaqn current an_.ant i wi se direction
asgaitel B e s and Rave i3 uRed 8 AnkEa et iE ffless Tea anc
1gdhe stator coils may be connected in circuit to each
other either in "parallel"™ or in "series" to provide
the 20 stator excitation winding 5 so that a two wire

Thlggb??tgr %@ﬁééﬁgg)t 8 ‘E‘:@gi@g@&ea; SiZSt sqr;%ﬂﬂrgfgéeéaasl 3624814d, de, 4f, 4g,
Ahr 4i Apdik, ﬁh@vcésﬁaborp@m!eéialéh 5%@; 5e1 66, 506, 5]1651 53551 Stator
Coi%%g,sfc(;%’% ?gi %I( have elr thgirr]agtsl Sorf l%lu(reesd flo pl‘owde an excitation
current in a clockwise direction, and stator coils 5b, 5d, 5f, 5h, 5j, 5l, 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, 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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17e, 17f gf opp03|te polarity, energized by a suitable
nding 4 to provide a 25 magnetic fiel I
WoﬁoPﬁ(L eel 9 is provided gnth a gl urality E%T{‘T‘W%léoom“
t ags ﬂOa 10b, f1Oﬁ 10d, 10e, 10f matching the nunber
ol e irs of the rotor ' d
bl SR e bt e S B B S Tt 58 bear
on %@@% Q?lﬁé@%n@qgrﬁ‘és'%r@&w&rre% tﬁﬁﬁe%ttﬁ'rb@@iﬁﬁﬁ'ay s@itable

nprises a pair brushes (not shown) adapted
rotdneaoweoaummg s gm thmgmtmune@tmﬂeey r@‘f@ém‘!@fr@lﬂﬂlfr %mrowdes

DC‘anqur aqcﬂ@ Illfgg (ﬂpﬁéﬁxg{gpatgaf '5{ %?elargg%%gl%%&‘éﬁ%fﬁgﬁ Wlly be of
comdtand ﬂﬂéntyDgltW it 38 Gholskibw td ch@n%&;ﬂ’gefgir@ﬁ@tﬂ édmtdm@ to the

oper ation, t he net ization w | const an
strgngtaroftihe magh@wgm currest. pddsi brusht assamably e end photo electric

sordph S SCPISBE 40t PP b RRTRETE 4h8) or

alt&RRERsIS fribin theagtdio hsbembey. SUpported from the notor
housing (not shown) or alternatively fromthe stator
assenbly. The swi tching means conprises the photo

Thé's@ﬁﬂchin@; rBEASPE mﬁﬂ;@esamb dHotb dIBetiit ednsd@ 11a s peb at@inted
h the timng eel 9 and being connectable to

to eﬂ@@ﬁf&iﬁl with sWet dring Weelc8s amgabawa QQB“@@aPﬁ fRyeglectronic
swﬁ%hérﬁ&%?%eﬁﬁ Shd-$8h %Bdm&;gQr 'sﬁnt@h?gr@éiﬁé% W?Beé’nd 18b in a

oto el ectric~sensors
pr@%@ﬂﬂlﬁ@@maﬂr@rcmpa@m sicthict densora1ii g arah$1infare pesitioned

wheel 9. The phot oel ect 1
to SPEDEIGF ghFbdyra 6L [0 Pb (BB INGoTTE8] Svelid REOIHIectric
ser’[x_é aé5li‘ﬁfh§r%| el'r]é'r Tz%‘dabff‘%s&i?atﬂ@ RS ddLPBe S HeKen ithe timing
igure ["i ght gmthepotoeetrlc sensor 11 a is

wheef Isemdteiddb & khe @omioa gtraown 1n nlﬁlgtgevﬁhd@ht tf@;gn 10 photoelectric
the, inte sen

oo A BThA (LI IR SR GBS g e

mtéﬁt%{ crbem dfh&ritbél'eﬁﬁic"‘@@ﬁéor' $1806ah@Hgt & sh@@alp{@)slahl €lBctronic
shown in Figure 6, |ight fromthe Egotoelectrlc

switeinset 184. Vhen the ﬂlmnr@ewhe@fls sotader bntle pesitian shewoin Figure

o G5 e B Flk i 85eatnd o 0V AR L4 1 rom
tinfil®y avhe| aggr oY, Cscﬁ\&hétcmssﬂite&%ﬂi cifctik eyl §Botd®tmjmd kensor 11a
timng wheel is rotated to the position shown

openguerding the ghignal rlenan Iedectisidt Guitet tsat dl&anddiewiss yen the
tinfi6d B8 iPAGHd P td1thd "Bl MRS Ge! Fibak HPight 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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closing the internal circuit of photoelectric sensor

.5ending a signal to an 25 electronic s
Wo%é%’%” n the timng wheel _igs_ rotated to the\el:gtcggrl[ﬂ%tmm”3

shown in Figure 8, light fromthe photoelectric

sensor 11b,is no refl ected, back to 11b m .
clogiimspsarodla aag 1 et he s ropSiverL Rdieisra POl shife paving
thrég‘ %ﬁﬁ%@ Vel vﬂ?éiég{q an%i‘at&nﬁ%ﬁ‘é’t& voﬁagé g cbRAesiednantihQously

tronic swt set 18 shown in Figure 11,
to ahﬁrsstmecm|afameoaxmiaﬂonnyurﬁilr¢g 2 heThaa &3 rp@uer source 19

not or i, adapted t be o t
ProgBisce 18 8UPHY HAVPIO & ) B S B funere
thee\}a*?&é bf)mé?véit@l eChbtiveedané @eﬁaﬂ@avampat&hs tsubggeitiatly the same
he phot o WO 2005/ 055400 PCT/ AU2004/001643 -8

as ércemfv dos@¥solts use, Anarfly 1k s TRBtRHBY aftnected to a first
co} &&“ é)ep? glﬁe Bﬁ(}f@lﬂre lﬁﬁéftg) @%I %t%é bl 8nY %EE@%& oBMELRM of the

I'S connect

twcﬁ@mel :ﬁpgwd &he Etat@r Eailssis @mmedtm arseoto b@e;vetod:neddny ewitching
power source Provi

deitp ot bk oBen dhe o ity cRaamneqsd. -V, Sidcinnected
ana’ti @%Pws}c‘fglnéfe/ﬂﬁe?ra% @eéé?%e?ﬂe}tn H‘ﬁo%fdétﬁi? b‘éRM age Bet (‘L‘Wﬁe seen

outputs I'S substanti a he sane
thaft rtben sdtana Ut Ihasusaatntdtye sNsstantial |penodath)emm$$=| yach of the

d
volfZa gt HTBP TuBid o RRE URO BB AL Y 1§ yolBYes.

two-wire input to the stator coils is adapted in use

to be switched by swtchin devi ces b
SuB AERUEITOUGHR BUS B ro R AR aE, of Wy S e gihiees Patery of
cei&sglmﬁfﬁda ];e#1 cbff FROAG lahS t’é?f‘?n’é@faté%eﬂ’??&f dthg%é thtERhEdidR! @lllage.

us it can e seen econd i nput -has
relatively substantial periods between each of the

It \%(rﬁlebﬁgﬁ% ulses Wfé{ 188 di %%EBW%CH Wefrrc%nc%h‘eh?rfro% power

ages. Such a voltage source m ght
so@%eprg)\thﬂﬁ@hls‘la’@r repiigiebat- Slaipstherforwatidngjrectioat mhaly: fitch set
keof f from an i ntermed

1685, ORGP SH0T ARGt S8 POERGRITCES1q ITaRSN Stalos gl 5a -
51 ?rﬁ‘fﬂe SWetEhyisgkioh8a is wired to deliver dc current

power source 19, through stator coils, 5a - 51
|n the forward direction, while switch set 18b, is

|]ﬁ1r? rﬁj[e%rbﬁﬁe@o%r %gfu'}‘(?é‘twt FOMIRPYE] 89 Ui BpbPopriate circuit

tator In the reverse
tm‘oughttm@ phoBictexttic semsw@st! far snd ¢ dheand therc éatlibei aorgics Himing)
tg Fhe eliegtrgnnc septcﬁ %reltsa% a %Irr’tgbl {o 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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20 through the photoelectric sensors 11 a and 11 b,
W0§Véi{‘ Lben (at the correct timng) to the el e‘f)#:;rppmzﬁwﬁomm

Ch''Sets 18a or 18b, to. gurn t hem on and
powering stator coil s 5a - In the enbodi nent as

d i

¢ 27 UREE sl BB i@é 81‘?%@*&8% fShicttsep 19 tg stator
PESIH F8d- i khtuine v alfcﬁtn@g tipo nesynbfiaationl 6f stk pldlas 4a ~ 4
17f. In gperation, SIX cycles are perfornmed by the 25
stateparcdiigwesa. - each revolution of the shaft 1

and rotor asserrbly 2 Each cycle then is nade up of

four [S)arts they being: (A ) Direct current fr

p&ue rDisexirewrerg fr@nfwewwgﬁ 4 fag SupUdp witgh set 18b to

IR 2B P e e g o

2Q0BI0SSAMRIBCALR 00 40ROHBEIgUred7)(B.) Direct current
from power source 19 fed through switch set 18a to

stator <coils 5a - 51 is turned off, allow ng the

Qﬁwécﬂtduﬂ’@n@froﬁi BOWEr snires 14efed tHrbughosvd’@haaet 18b to stator
uret—l’ai)* Direct current fromf) sourc
&

| Goftear ol g sl ovng b MasnogEIARY g S1g i Fotassda — 41 to

verse direction, nmagnetizing stator poles
4§%-Gé\ﬂ(,£halﬁﬁe($)ﬁe opposite di recti on of polarity (Figure

7). (D.) Direct current from power source 19 fed

TthE;:yﬁiléedo tﬁe s}v\ﬁﬁhﬁﬁ s:éﬁ?! deht Ao h el bt RPsamors S 1a and 11b

he” magneti'zati on of stator poles
to the solftl stee giewhes(fBoune Wb td Gwithsheysdoendfinpbeto the DC
switching signal sent by the photo-el ectric nsors 11
volgsrRPUIEC O i§ FRrARSRIBHPY (6F AFaPR ANPWRAY %eiﬁd 18b to
switch the second input to the DC voltage source 19
is represented by the graph shown in Fig ? g
Dutng oo@rﬁﬂr@ml@tazgm ®,theneltage taégé‘s%@ﬁcfégw kel %{Sat o‘fr1 rises from

0 v%ﬁg# an?a rﬁﬂetguS c{ét?ﬁsﬁ%ﬁtf&.g %lg_yr\)g %%ti EP+\'NoH§lfézsa pRd®Stnined

perﬁwcﬁ@@t\&}m&hn@de thé peittidog aheahs omsctanmectshmeswecorhni rigput, the
means di sconnects the secon

VORI Sham Rl ko SHOSEMATY o0 0, bk teRe s Sgitoned aimost
ms?e}'ﬂtér{?ﬁtﬁf% }?SdTSzg@olté NS hapt dé}nQPUéllté/ fdr® Sééo\ﬁ@'ﬁrédeﬂe?mh@o%erlod

r a’'second predeterm ned period
being substantially of the same duration as said first pr@determmed 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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bei ng substantially of the sane duration as said first

redet ermned period, at which tinme the sw ty
Woﬁ\g(gaﬂga ai n disconnects thegsecond input and t%ﬂ!m%mom”

voltage then rises to substantially O volts. The

55 0o ] B8P R 3845 g o
alsd Okelir 88 eldseiyfhs qﬁsbbe@EtD@S@@crs@l miohers dupingcthe cyclic period.

correspondi ng poles of the stataor. This is,_nec
This 7arheitt apREaES & DRch CoRTRRBRBC (O &P CANROHSAESR P?gﬁ B%)’fﬂ" and

¢
T
at WB gifecc tidolvbyer] h%vmtlecu's sdfommidng ez thvra optinval chomleat will

wi tching can be nmade to oc 005/ 54Q0
caupeT FIAOITRN] JOXGTS ToTgenie MIGE Skt GHReTnt lesiray the

swfﬁﬂﬁfﬂ%\/f&%ﬁo gbrh Jﬂfg %"onlsowh’{ Qb398 AfoRdH QGC&H% to the

as ¢ preci se nonent
emodiregt m«mm@ctta be m!ﬁooodecteﬁm mammnmteiya{’pmé aif $he eyplc geriod

h t f.th f h
botyREN B SERT ETRRIh BB B e oTadoP e PR SHRf o

it are not fully understood 5 at this tinme. However,
O 5L SRS RSHELAE oFB b TROE ) bl et
uncists bﬁ'tsf‘fhrﬁ'\%r Agsidriey thMgure¥is ©he nth deia668, the r&ﬁ;ﬁ‘fboﬂs are

contigu tions. In tests,” a notor accordlngtot e
enarnizedisweiiat r@qupobﬁ fic b&fmrgcm’mﬂgaedmoaﬁdﬂpm@%ﬁrfﬁt@lgﬂles 17a

% of th I d t f
? g %r(fgt ﬁB?re ﬁéaﬁf)gﬁfg@pm ‘(,ev v a@@aﬁ °i Stﬂg?(%%ggfﬁtﬁ'doﬂurmg
op aBgs@tion of the switched DC el ectric m)tor of the

enbodl ment may be better understood by further
reference to Figures 5 to 8. In operation, the rotor

At ;9(9%[41611 ale &Q%Q%‘tét@ﬂrﬁl‘és%alﬂ qjiévn%ﬂ{e%scéi!@%ne@@édab@gm to

ener gi zed e rotor poles are
opmﬂ@ri@emﬂ)r‘me& 168i- gtﬁfeanzﬂ)warh‘tzf EoIdaindtiges Etape to move in a

oS58 TSP Tty BB Bl 2t o

ph&@g!eﬁtﬂcosempwea ishtarreet off, dreligs td erectrohff sviifuth éldaISa and to
7f, and induces rotor 2 to move in a clockw s

stativrdods Ber 5 yREnoPoRas A eeeReHOW I Fe POBE SPYLHee ! %)through
cur f4.0 e ed=i0
L R e e
voltage drops to O 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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stator coils 5a - 51 are opened and current flow from

how source 19 through 20 them ceases. B
Wogﬁﬂé’ﬂk’%@ﬁti nues to energizeqgtator coils 5a _9@?@%{{4{%01643

their wvoltage drops to O volts. Rotor poles 17a -

17f, 16a - 16f, nmeanwhile ar ttrac [
statgis Aé%"lf@ GOHi'TUPﬁau qu?gmtq,]giolc g\f"%le é%cgﬁgoarﬁ%n%%ﬂitﬁé ?)%)’Bg sing
stat6F pElkwi4ge- 4di rection between position B (Figure 6) and

position C (Figure 7). Upon the rotor 2 and tim ng

wheel tab 10a reaching position C, (Figure 7) the 25
Whé& P Be oRRAERSd BE&iibG [P EN§Ge dlcRrehiSirdmriRiodBetric sensor 11a

rrent fromdc power source 19 flows to electronic

is tirnied aiff, sicuitsko elasiionig switeh beft e8lnabnd ite stater eelscprani @l are

f the d
opefif itk el il et RENSeP BRI hbuiigh] b, Back
emfCihdh BMinbiBS 1 Perdlzy @dtsr anitk BAdUGH nghtl theiv eoltagerides to O
polarity within stator poles 4a - 41. Roto

voltg 7Rbir Srias 1k 161078 A0, BoARg i S5 alirisieis ine Stator poles
2 / PCGT/ . 4 . . ver
4a 9P RORENEe 1G0L 2R ME R e dbkulib@ bRbSidPbstyln position

D (RigereoBpasd pesitisn & ehepotiascytie replats Whel rot or 2
reaches position D (Figure 8) current from
phot oel ectric sensor 1lla is turned off, circuits to

it PlodRrt MRNinvtsMthah thet rotdb poaed swpsty amentionsd satmve- nidy be
~are i 5 opened and current flow from dcg‘%)oyﬁ\e?&, sour ce
inderendens g teeRCcpawes sowsek! ehted fRRrdrk SIRREY pywer fo the

IOl O b
s UG, 5 2By IH G o Bulfiien Boier b gSpen from
the ME2 Vel eoare & forecitedhe cotbhe stator poles 4a - 41 '
i nducing the rotor 2 to continue in it's clockw se
di recti on between position D (Figure 8) and position
it sfoulthisebt hetsywlae tiepeabsindérseldnprids an sqoall rdinbieer of poles

noted that the rotor power Slﬁ%y nment i oned abovef}ma .
on e rqtarapdnaerrent Conhendant pdikerCRE NERDES disereh giay differ

frorf 1Y hﬂﬁ\b%'ﬁ?x%%? i(ier‘f ikﬁj@@ﬂboﬁ?géﬁ%es%ﬁ?}é/@f bud RALNGe ggé% to provide

shown i n or alternative power may aken
an Bgoean nurhieeDE pontte end aoutent@netsed potes. t hds podenstooct that the

shoul d al so be noted that the e di nent conpri.ses a
nur’é%@falo(%nﬂ r S@lﬁecg‘?ffe‘gél %@ et ﬁ’gb&}ﬁ ?IE'C%%S i %’Bp%@m o the
teridiRG G BakicHHMRRSIH) 8ashelBYedlitzh & would be

perﬁ?gﬁ?\?ﬁﬁt er used 1 E tlhce enbg I ment descri bed, but
possibi¢ fixethevetortal the evileliment 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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an equal nunmber of north and south magnetised pol es.

[ derstood that the nunber of poles sgl§¢tefoinoises
“K&émvéhgﬁone of the factors @ontributing to th(ﬁ?

performance characteristics of a particular design. It

exab}splg ﬁ%ﬁgﬁ%&%dt 2@%9 ie%fgwgu' rg%bﬁg néeg/ rgegﬂsaséetbt{p% 6Iﬁc§t et1€§CtI[l$t88|[1$0FS
Mor%%%gcal tr@‘sm%:r@df [b@rpﬁfWertébtﬁr&tﬁc@Mﬂw applidde taé adtor rather
u

I s expect.ed that sone l'ications nay
tham dshe. stms}@trmtmh@@gm thes fundemantal o aperafigin of the

t.he de n.of a n
maciije’ whieeiSt 71 % AEBPEMTEEN KB nE0ss CeRied ) QiR nat the
the®ficd MBed2® btk anmdter canSEteala@eptetd"lm rren‘eme tuf ppw:ee an

pairs in the stator and rotor may g rom
eie@tnaao@amﬁatorNTwSatheoarabowa\mﬁgea@rl@@ﬁpiﬂa SeheF @dﬁiagﬁd as

I t
2 offie @R TG B bofeaBtotar bl SBAR ELralifn] O 1S ¥E Hongidered
withvB e atéms obtheveveaviidrchi ng nmeans are possi bl e i nstead

of the photo-electric sensors and tim ng whee

arrangenent descri bed above. For WD 2005/ 055400
TedftRl AR0HELBRIR4Br actdrdn@pihe, embgietant haws shown the motor to

Hal'l -effect sensors ma lace th ot o-e
haweddugls coefisiest %ﬂeéfﬂf%?nc het Bg# @%ﬁ’eg f%%@&h%dﬂ?f@é runs

than to the
ol rEn e B pBR AR R Opida BeSon " ory of
operation of the nmachine. Likew se, at a fundanent al
gl oyt Wi Shatbaldih, Yiogs, P Eohla iefiras ATHIES, the word
coﬂﬁﬁmederaanaQME£thcab gemmnaeﬁnx‘Tbmmddmgbmwaenwneﬁﬁood

descri bed can r_eadi adapt ed as
to it BrenBoBoNet AP EiRd RAROSIAT otuh o ke STOHE gk ine fxclusion
cope of the invention.
of%l@?@@?ln‘i‘ eer%r e%‘%lpﬁﬁt%et%r according to the
enbodlnent has shown the notor to 10 have a high
coefficient of performance. It has al so been found
that notor runs cooler than a conparabl e notor of
conventional design. Throughout the specification,
unl ess the context requires otherw se, the word
“conprise" or variations such as "conprises" or
“conprising”, will be understood to inply the
inclusion of a stated integer or group of integers but
not the excl usion
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15 of any other integer or group of integers. -13- The

Clains Defining the Invention are as Follows: 1. A

switched DC rotating electrical nachine conprising a

stator, a rotor and sw tching neans, one of said

stator and rotor conprisi ng1?r1 excitation w nding

having a first and a second tnput, the excitation

wi ndi ng bei ng adapted when 5 energi zed to cause

neg | ' | g . pol es associ at ed

Th\%ﬁﬂﬁﬁéﬁeglngﬁg%g?ﬁ%énwt\?\n&ﬁ%}’%ég Fﬁwlgovg%\ﬁ t chi ng nmeans

being, in use, associated wwth a DC voltage source,

the DC val t age u Vi di a
1. L8 SR SRR i YRl S B otor and
swiBtHiRY tmBavd, "éher B ShRL blateahng eb®ntdomhprisimg ennextitation winding
the electrical potentials of the high voltage out u%
hawing a fisst and F0 seepnch g Buthruexciipiabivinding &ing rafapted when
Lot di t, 4 i u ,
onb RS E2b e MAATAEARHY R o 2, EE ARG S Voios ABEEIRA i
said eithtion opediay) e swichsrg dhesawist lnding ginnesn aisbeciaeshwith a DC

connection with the high voltage, output and.the |o .
vokage §85f0@uttB%tD(_§n\6§m§r SPufCe LY G aoyEOW pelteggiqupt, a high

I. o -
volR8 LR 20 Rl SERto SR Chh Ay et fpa potntel
intdfedibteadfee mledtiighi polentigs ofittpat lsigh2volfageelostauti aad the low

Vo g@?gc’fg ;Oﬂgo lﬁ: W?_I@géfg}s ig‘uﬁt%% %!t‘%i "g]ﬁﬁ%m\ga %&)g L}@iﬁtggg n(flu)%élgﬁt gg 58 ftinuously
coRSEQEH 36 Bk Mst hsal éi'wde%n%i deioh@nnpdinidi Sdtchiet in 20@RMe idperation

magnetic polarity. 3. el ectrical machi ne as cl ai med
by sticcswitehing orearisdhetweeneonseatieomwithdhe aigh valtpge output and the

di fferential, be e he | 0 e.out.p t :
oW YoUFRR U 98 (el fit BV g O BCp b e 30, i, fpoludes
seghehbol Binagrenlitihd eeemid alputed WReonhbetet rftan ratieatoé said low
vol tage output and the high voltage output. 4. An
volags oF highl voltaeRi WP Hs. cl ai med at any one of the
previous clains wherein the other of said stator and

rotor not conprising said excitation wi nding conprises
2. 25 Aarelectsisabmachinetas deingsl akclamn 1 avhapitine exgitation winding is

oo 5 2 By B RS S BB g it

oppysith freyned poldrity.t he rotation of the rotor.

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.




10

15

20

25

-14- 6. An electrical machine as clainmed at claim5
wherein switching neans conprises sensing neans
adapted to cause switching of the sw tching nmeans
according to the rotational Rosition of the rotor. 7.
An el ectrical machine as cldfned at claim 6 wherein
the sensing neans 5 conprises a photoelectric sensor

6. 8. Apneleriicat insathinachs rdaimede b Gleln &t VRIFI SWiFNing means
Y ti.m i . i-at i .
co gL SR EEaf B (8ol QuRSPRF oFIAY bl roans
acdartimigi tonbd reasohalpositfort dichesbmr. 9. An el ectri cal
machi ne as clainmed at any one of clains 5 to 8 wherein
the 10 second input is switched to the high voltage
7. Ouphpugleetrichb Mdokinewsvolkinagd abwdigiot 6 whereila thel ®rsing means
the rotor is positioned in opposed relationship to a
copgrisedp RNPECIEHE §8NSAH. An el ectrical nachi ne as
claimed at any one of clainms 5 to 9 wherein the
second input is switched to a disconnected state

8. substelpeirgr| yaghing geedlareediah RN E pREHD Savheigiya timing
g . ¢ . otri
w8 ) AREBL 0B 8! SR oarlto MofEE S [dBlpnce or e
rothiignd| positiodi cftle@nstotr.ed from the DC vol tage source for
a substantial proportion of the cyclic period. 12. A
switched DC rotating electrical nachine conprising a

9. st AhosleciRichPireichizdas 2himwdt shang omeadisclainie Sstoad avherein the
bei ng configured with a stator set of pole onpri si

if i gur ed , ng
seeps! neal s SWEEh a4 e Bighh MeBagm QIR drdpdRere Ry Itage output
nf i i, t ; an f U drs
wiRrh % 7 rleh i MRl AL opRE (AR A9 Epgle of the
stas3®t 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

10V Adi dlgctieaprashire as d&inexicat ahy amecof tlaiass detcafedherein the
wi th each pole of said other set,

_ f said cqjls bein .
se@mbtrwtt%swwwiq%&lwnaeﬁ@dmkeaﬁ@%ﬁ@@& 7 HEdrtermined
mdthefd sfél%étéd'fté‘%ginﬂ%‘tr%ns%%?%ﬁﬁeht@?“t to thereby induce

a magnetic field in association wth each pole, -15-
11. An electrical machine 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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said coils being configured to cause said magnetic
fields of adjacent poles to be nagnetized to opposite
polarity, connection to said DC voltage source being
controlled by said smntchlng means whereby in use, by
the rotation of the rotor mnth respect to the stator,

Saifl 06 TG BOTHATBR 1Q.5aUPE SR BIARETE GBS HePdieSerd) Ralg to be
magﬂk!{afé?:l '?@‘édrg%)sﬁe' Bdl’aﬂgl tcﬁ‘)&%ecf?éﬁ RYlsaid ﬂj‘Cg\‘Poité@jet QQQrce being

ut' put” an i ntermediate vol tage out having a
cor&hﬂ[etjrh)y: ahidpswitching meane wnedebyt & uke, Véhe rptedion Of the rotor
I s, of and.the |

BB BT RAPETREY B g LSl fp move

relatﬁ/eut%ethe A8 bhuRUSIHer sennRe iU voRa é‘%ohrdesfﬁavuﬁk]@ it jogbitage
second I nput being adapted to 10 be cyclic

ouwtah@ghbyoimed oleutcamgarrmrat@@naétaﬁ@e@!tgaedomM having an

oA PP B A0 Thh0R 94 B R onage ot

and NGleUIRS SEEHRNOBtMI, tthereinberediie soltage output besng |n use,
di sconnected fromeither of said |ow voltage or hi

contiuoagly eennaated ta te Arshvinpehard e peERRG HPU bsig A apted to
be [@g{ﬂ@@one@{eﬁ%jga% s%i"f’érﬁﬁ rorﬁ) REtvAh sdid IGW VBB D utput

! St at of rconprising an
an@giid aidrproagedooput amdi wgemirﬁ itlnstcyalladofatme«:}mhd apguation also

oSSR RS BTSN B SAKAPPGy Sy BPRRAES TG oither of
saig%\%s\/o"f’t% ‘Hr%ﬁ%ﬂvﬂﬁédé o§pLth. excitation w nding and

elng_co |gur to “energi ze pol es adjacent said
associ ated poles wth opposite magnetic polarity, the

130t ﬁeéwﬁ’éh bg: F&t?ﬁl& ef’é&irt&ﬂ rh&iRhe %@dﬁ@a&ng %g@ﬁ,;@ﬁgtor and

even pIu rty o e swtch
swhsisingi rateds, Wbmdﬂ od sBdl \stdtolagad srotmccmrh;ar\vsm@ am bxsitation winding
VOlta%& out a hi h vol ta

nayinges sk 408 4 5PEaRt T0RHpghe TRGIRPR e Bg; Hipg adapted when
en?ﬁ;‘nf&ﬁf {gcﬁé enftn% ABE AP (théaf@t %Qéﬁ'p@nﬂblaﬂ?%f%ésﬁh%dﬁ ated with

tag out put and t | ow vol'tage output,
saidhekeitationi wsmh:eag aride bemwemeﬁ@taed fpobnagizepoRs adigcent said
cont%le uousl 5 connﬁct ed to.th

asertel: Pers TRt oa TRe Sl SR hote' PBEF o e afetor and

rotbF‘ o%?fhﬁls%@'a eI @%ﬁ%lbb‘ai@b@ poléd, ClhieNgwitatang means being
bet ween connection wth the high voltage out put an

assoeatesvivitlo lat BevaiagpLaoures ®ayifict 2 v yoHagm SUtBEI ﬁdﬂlgh voltage
oufB A B0 YRGB AR TR i) B Ml potona
mtéﬁh@dﬂtaté the selbbteinald potertipin o dtheehighi eolsdhdep dutpwt andl ghe low
vo!tage 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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30 the stator and wherein the cycle of the cyclic

operation also includes segnents of tinme when the

second input is switched to a state di sconnected from

the DC voltage source. 14, el ectrical machine as

clainmed at claim12 or cI aim 13 wherein the second
IS svv‘tchdto saj dlscon ect st a

4.5 BB RV G| JFAGE 35 CIUTEH A0 SR RotentT SH.{ qwhgrein the
sedHn'a' ﬁ@t éa%wuteﬁéd C¥J I 8RS -diddonnibic] eshid Cﬁibsrﬂmtyupe at a

cla 'alm 14 wherein the swtching of th
predmamhmergmmmm sedeciga tdh nomimdzel transiknt berrenisat | on of
the rotor. 16. An electrical nmachine as clained at
claim 15 wherein sw tching neans conprises sensing
15.mean :lactdpsletatbineaas elagwet cii cdgirmﬂfit\hhe@m thehiswgiching of the

ans ac di to.th f th
swiighiee mens syBfuenisctarth ot o SaRa REE at ol ai m

16 wherein the sensing neans 10 conprlses a
photoel ectric sensor. 18. electrl
16,01 A0 fElBCReaL IAGAN® dsr CAaPHh a7 CIRBY & nwae@f%%tcﬁmg means

cobBA %s s%n@:ﬁ@ b@ﬁﬁdad’éflp‘téb EHEBRBSABELHIRA DT the WKL means

a reference otational position of the rotor.
acdﬁdmgrtoethemﬁaiioaa! pessitkimef ths rologti med at any one of the
previous clains wherein 15 the electrical nmachine is
an electric nmotor. 20. An electrical nmachine as
17.cl Ahnasdctiitaamachive a$ oidimiedsatlcleom 185 whereinrthehgensing means

electrlccpz‘ chine is an electric generator. 21. An
corgpeses A PRCORIBHIIASCRSOL | ai med at any one of the

previous clains wherein the excitation winding is
associated with the stator. 20 22. An electrica
18 madniglectisabmachig as claimedh aiicigine8i o ¢ g herein a timing

wh‘é@f*ﬁ)é 'a%%ﬁci%ted’“vﬂgg !?Ig%\n%bﬁsgﬁcg[z ¢leddL 'R) r@gld%"‘é/e Fe[fété?\%lgy for the

asliprin rical |ne as
rotatioma\i@omtibh oﬁhl&eemtnr.t he rotor conprl ses a pernmanent
magnet .

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.






