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WD 2004/ 057629 PCT/ NZ2003/ 000274 - 1 El ectrodynam c
machi ne TECHNI CAL FI ELD This invention relates to

w0 evoaiostmkd y wound el ectrodynam ¢ machi nes. BABKGRONE000274

ART 5 Toroidally wound el ectradynam ¢ machi nes consi st
of stator and rotor, the stator being fornmed froma
toroi dal electromagnetic core with a coil or coils
Klectrmlynpmic mheltineore, the coil axis being
substantially tangential to the core. Such stators are

ature relatively difficult to
conh@ﬁuéyL :%Lphat conpl ex equipnent is required to
formthe wi ndings about the core. 10 To overcone this
Tahii§ fniventi dnyre a0 tROGIdBIAY totad slebitodmumidadhitescoi | S
onto nmultiple separate bobbins using sinple w nding

egui he wound bobbins are |ater introduced
%ﬂégpﬁaiwls%égneti c core. The two ends of the wires
of each coil must then be electrically connected in a

TREHES WRhat dledidyRaict MaBliheY c&Rist Sff s@z{tfﬂ ﬁﬂd Rotot,"lhe stator being
of el ectromagnets. This has been acconplished

fomesd Gow a/tomadclo@immaggefecawre\mﬂea tcoil @r ¢pils womnd upon that core, the

|nte ard 15 the co ct pat
Pl Brl Y Pl u SRl PR, P 4R8I very mture
relagvdle quificeld to covAAcT imt Gtﬁmpléﬁ e@@ﬂphﬁant 13 ret\Eredt6 UPrm the windings
Alternatively the wires are individually connected by

2R {BEISOeuch as i nsul ation di spl acenent connectors.
Fbmever this process can be conplex and expensive.

i thid e N Al cburkS HaDebBed ﬁle 1? Bﬁt%crﬁulgple separate

Of the present (%N}{gent lon to provi gl‘e a torol

bebkins usidg sanple windihg eguipmest, and thedveisidrigbbins ard later dtroduced onto a
SB{I'[e n];a%{lgt?cd cg\gendjl‘ﬂg S"[W\(I)mén%lg 0 ecvrvi?gst 89 each coil must then be electrically
connected in a correct relationship with other coils forming a ring of electromagnets. This -
has been accomplished previously by connecting each wire to a circular printed circuit board
with the conductive paths on the printed circuit board being designed to provide the required
connections of the coils in the group. Alternatively the wires are individually connected by
methods such as insulation displacement connectors. However this process can be complex

and expensive.
OBJECT OF THE INVENTION

It is therefore an object of the present invention to provide a toroidally wound
electrodynamic machine constructed using a series of pre-formed windings which are created
in an electrically continuous manner during the winding process, which will reduce the

complexity of the assembly, or which will at least provide the public with a useful éhoice.

STATEMENT OF THE INVENTION

Accordingly, the invention may broadly be said to consist in a method of winding a
toroidally wound electrodynamic machine characterised in that a set of bobbins are located

in a rectilinear array, the rectilinearly located bobbins are wound with a continuous wire or a
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in an electrically continuous manner during the
w ndi ng process, which will reduce the conplexity of
wWo b@sassenbl y, or which will at |east provide PEGENZ2003/000274

public with a useful choice. -STATEMENT OF THE
I NVENTI ON 25 Accordingly, the invention may broadly be
said to consist in a nethod of wwnding a toroidally
opplimpus sefc petlshyrires fricearhphaspaba toapd Hebbips ﬂtenahem@ formed into a
?Emap bbins are located in a rectilinear array,

e rectilinearly | ocated bobbins are wound with a
conti nuous wire or a WD 2004/ 057629 PCT/ NZ2003/ 000274
Pr&ferabhit ¢ach phssedetvoofid pa adbbédl atwitiee f or each phase,
t he wound bobbi ns then being fornmed into a circular

OGN R CELNE RN N

Bletlat ke Jokitoabd eebida kel cokd of QhaBetit thitedal, §uch core passing
circular array positioned about a toroidal core of

theeyele s epavbireini cach beblin core passing through an
aperture in each bobbin Preferably the bobbins

T D LN T

as a single part or nultiple inter- f|tt|ng parts
A(\Htérﬁihvl&twt}hdadﬁbﬁﬁ rraeyd be mhamufactiwedjjalnthf,t aara winpldi pegt o Ghultiple inter-

referabl i.ns e provi Wt at hways to
0t R A T T
another Preferably the toroi dally wound

IBERELIP henBFb s RE BrARgdddSwaR pﬁﬂﬁﬁfyﬁ k& SW the wires as they pass from
Alternatively the invention I'ies in a wound bobbi n set

dnerwinding toarihdry wound el ectrodynami ¢ machi ne
conprising a set of wound bobbins fornmed into a

I%ig%ﬁa%il {he%ro?@éllg %\?OUSld %E}%&O@}Rﬁﬁuc %acﬂigef* Loéhoél%%lti%lgl%{o? of

nat er | such~core passi ng roug
central aperture in each
Alternatively the invention lies in a wound bobbin set for a toroidally wound electrodynamic

machine comprising a set of wound bobbins formed into a circular array positionéd about a
toroidal core of magnetic material, such core passing through the central aperture in each
bobbin, characterised in that the windings of two or more bobbins in each phase are formed

from a continuous wire or a continuous set of parallel wires.

Preferably the winding method and bobbins provide free space between the bobbins
sufficient to allow forming them into a circular array while still providing contact between

the bobbins at a pivot axis on the side of the bobbin core.

The invention may also broadly be said to consist in the parts, elements and features referred
to or indicated in the specification of the application, individually or collectively, and any or
all combinations of any two or more of the parts, elements or features, and where specific
1ntegers are mennoned herem which have known equlvalents such equivalents are

1ncorporated herem as 1f they were mdlwdually set forth
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bobbi n, characterised in that the w ndings of two or
nore bobbins in each phase are forned froma

W@ oemkiosiseus Wi re or a conti nuous set of paral | BCT/NZ2®3/000274

Preferably the w nding net hod_gnd bobbi ns provide free
space between the bobbins sufficient to allow formng
theminto a circular array while still providing
DRAVANG PHSGERIPTIZIN t he bobbins at a pivot axis on the
si de of the bobbin core. The invention may al so

road| c [
C?ngapu rfée{rggf b er " eft:l ?het %‘&en’?bn &gfa{he Esp el %ﬁsec?fbgﬁre&}'hﬁ ?e@g'ence to the
ab@Rgahl Bigtdromings mt\hlelclﬁgppl | cat| on, i nd| vidual Iy or
collectively, and any or all conbinations of any two
or nore of the parts, elenents or features, and where
FIGURE | i 2 plan wigeraf agedeseihobbive @s moveted o oM efay e
known equi val ents, such equivalents are 25

[ hE sdnhiey. e individually set
O A e St e RS 057 - 5 DR N
DESCRI PTION One preferred formof the invention wll
RIGWREE3 tlemomidbyéciv of 4 bobbadf er ence to the acconpanyi ng
dr awi ngs in which, FIGURE 1 is a plan viem;of a series -

SRR AR S S st e BBl o] fr o vires

v! ew of a bobbin FIGQURE 4 is an el evati on vi ew of
HGURRES idw@bdiévasion e sithabolslih ef B4 ve path for the
wires FIGQURE 5 is an elevation view of the bobbin of
Fi g 4 DESCRI PTI ON THE PREFERRE MENT 10 Wth
DESGREREION OF Tk EREFLRRED VORI dal |y wound
machi ne is manufactured as a series of bobbins which

Wﬁ%&ggé f]b‘:FlEﬁPeSF aVUoﬂ%Pagﬁ)r&HﬁU {Bendadifine kIn@ffactured as a series

of bobbins which comprise two phase windings starting at 10, 11 and ending at 12, 13. For

winding the coils are mounted on a rectangular former. The winder preferably has a multi-

wire winding head and winds bobbins for each phase simultaneously.

In Figure 2 the drawing shows how having filled one pair of bobbins the wire is routed to
the next pair by shifting the former in relation to the winding heads sufficiently to slot the
wire into the inter-bobbin space at 14, rotating the former a half turn and translating it so that
the winding heads feed into the next pair of bobbins. This maintains tension on the wire in

the bobbins. This process continues until all of the bobbins are filled.

Alternative methods to the half turn between bobbins are possible to maintain tension on the
last winding turn in the bobbin. For example other indirect paths may be used, or one or
more turns of wire may be wrapped round a pin formed into the bobbin edge, or may be

trapped in a retainer fixed to the bobbin.

Figures 4 and 5 show a bobbin set with wires 31, 32 wound by simply translating the
winding head between bobbins without a half turn rotation. While the wires are not

tensioned to the same extent at winding there are advantages in that when winding all phases
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wi nding the coils are nounted on a rectangul ar forner.
The wi nder preferably has a multi- wire w ndi ng head

w@pa4msT18es bobbi ns for each phase sinul t aneousP@T/NERZD03/000274

Figure 2 the drawi ng shows how4aving filled one pair

of bobbi ns t he mﬁre is routed to 15 the next pair by
t|n for inrelation to the MAndlqg heads .,

g‘ﬂﬁ’ | $het §ig 18@ PRESSS Wfate Droesdt Rers (Audsklp o vithout manual

§@§9§ﬁ@5'14, rotating the former a half turn and

translating it so that the w nding heads feed into

t he next pair of bobbins. This maintains tension on

Theebolibies preferatily howvb b wsterphiskelprl dcems edgenefl whish forms the pivot axis
of . t bi ns

R TN RTINS M —

thengir® bedg foliRd RwbasbobMimding myl ) ﬂhﬂ; §leer Rpbdbport. The shelf, in
For exanpl e other indirect pat e used, or one

RISk s et g o eriidppbtherotha. fsspisin providing a stable
(];og{ - n %18n %ﬁf? gQ%)(E%&gﬁ%ogﬁctop {z_vhgig%leego%}fbltns gp%(ﬁg% 10 % curved path on

mehkardmehemé}hnw res 31, 32 vvound by sinply
translating the winding head between bobbins w thout

hal turn rotatio Whi l.e the es.are ng
R el gt Kol mie e B4 Bhee: e e r difering phases may be
SEReAR% @g%ﬁ ate ThobBAL R hotinagl 'W}Eleallnlldg 36%seliacent bobbins, and any
2004/ 057629 PCT/ Nz2003/ 000274 -4 simuftaneously the
videtivings pep desscessed mto daebobine (ibc cusd: wf anldnear atreyitof bobbins with
manual i ntervent,ion h obbij abl have an
PR bl Sakel e Sl 8080 ol R B S s SIS bR gfiplete bobbin set
dideSthe REAMBE Redd9 BRI thinslatdd tBe WANE hRBuRTBT éLH &)ﬁﬁée%@t of bobbins.
S|n1lar to that shown in Figure 1 is being used,
the wire being routed between bobbins may lay on this
Thepnd wares ¢ ﬁwhasewy bRespeured fp em&tﬂnntapub@h iff eithernermanently, or
gqﬁﬁ 0

ﬁ@?fagﬁ%g S tdgﬁpr yr a a‘ﬁlvag fﬂ?%fufr)gtg?lgr%ma%gghre@ﬁg ot ttlrcla ﬂeﬂmnatlons on
tha edchgefvationt requgtahsa siﬂnﬁ:ﬂnaﬂystemmatﬁﬂm oaché eolhassemwlgd
pat h on

The bobbins may have extensions at the inner edge of the through hole to project into
corresponding cavities in the next bobbin and locate the two together. These projections are
proportioned so that they do not project into the central cavity through which any core must
be placed.

Alternatively the bobbins may be a single assembly of moulded plastics, severed to the
desired length. On completion of winding the assembly is bent, fracturing or distorting along

one side and at top and bottom of the join between each pair of bobbins.

Once the bobbins have been wound they may be removed from the winding machine and
bent into a toroid, the inner cheeks of the bobbins being tapered as shown at 16 to allow this.
Although the outer edges of the bobbins will separate to some extent the shelf 15 is

proportioned to maintain correct positioning and tension of the wire passing between
bobbins.



the toroid in the machine. Were the coils are wound

for nore than two phases the wires for differing
w@bagesieemy be 10 of fset in separate bobbin cherkz2003/000274

not ches whil e bridgi ng across -aij acent bobbi ns, and

any underwires nmay be recessed into the bobbins. The

seégf ablinear arrfy of bob igﬁ wWth nultiple phases )

Hakd o pare Bt &t Iepsteas prefered, et &% myentiongpreNiges a toroidally

woUH @dRroRpPPhio n%ﬁne%ﬂﬁﬁliﬁ% %e@d‘&%ﬁtg%s heads aa'Bfe to wind the toroidal

transl ated the same anount for each phase sef o

destiicah soilsTwbile adangedds agftraighé liphawikoutdlye hdded aonpbekitycof having to
[ ns_on.the bobpbins either permanently, or 15

FlesR b G ing i og BOLTRERR T vely may be

connected directly to the term nations on the machine

INDUSTRIAEQRPPLITABIWVITSYbSi di ary term nations on the

coil assenbly The bobbi ns may have extensions at the

inner edge of the through hole to project into
IP‘é%‘B%d% mplicahls tq 1B copstrugiomalioraidaly woundcklectiodyramic machines
ih Andriter $OORRDELCitRGELRROLRALLONR: @bor PTOPOr LT ONed
so that they do not project 1nto the central cavity
t hrough whi ch any core nmust 20 be pl aced.
Al ternatively the bobbins may be a single assenbly of
nmoul ded pl astics, severed to the desired |ength. On
conpl etion of winding the assenbly is bent, fracturing
or distorting along one side and at top and bottom of
the join between each pair of bobbins. Once the
bobbi ns have been wound they may be renoved fromthe
wi ndi ng machine and 25 bent into a toroid, the inner
cheeks of the bobbins being tapered as shown at 16 to
allow this. Al though the outer edges of the bobbins
W ll separate to sone extent the shelf 15 is
proportioned to maintain correct positioning and
tension of the wire passing between bobbins. WO
2004/ 057629 PCT/ Nz2003/ 000274 - 5
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Thus it can be seen that at |least the preferred form
of the invention provides a toroidally wound
webk@assaynam ¢ machi ne conbi ni ng t he advant ageeT/8#.2003/000274

being able to wind the toroidal6- electrical coils
whil e arranged in a straight |ine, wthout the added

| exity of having to electrically join the coils

machi ne construction. 5 | NDUSTRI AL

APPLI CABI LI TY The invention is applicable to the

c 0@%&1&&68 0@ itfing @t QHotBl1l Yy MR REbCRL 8l BE WHRRING characterised in that a
machi nes in a nanner providing efficiencies in the

maseif efchabbénst arerleedted moazmomur@arz @Z@y,m/rmﬂwaﬂﬂdo)@wﬂ bobbins are

t hod of mnn Qr.0i d
of BEEPE ) T RN et st afuoet BF Bpile! Yirtglif gph phese, he
bokkiuhg babkink Bl Bding Hortnddeigtd & ichieder afrs d‘,ﬁﬁs ahfb@ectrodynarmc machine
rectilinearly | ocated bobbins are woun

coMiRdi®us wire or a continuous set of paraIIeI Wi res
for each phase, the 5 wound bobbi ns then being forned

2 Ny gmgth% § Uﬂ& r%ﬁﬁn‘fgls ¢ ac%r%%& 'ir?ﬂ?épfﬁg‘e% HBERE R8vound one bobbin

almed Inc
charantmrlsed |n that the each phase is wound one
bobbin at a tinme. 3. A nmethod as clalned in cla|n11

rlse in . that th SS vvound
£ AL Borlryredondeind Sapbnse & #BF T SeABRRr pre-wound and
Ci EfeehRAlIR F:élﬁﬁécﬂé@%obbfﬂ@ edfARed intd atc‘ilrcﬁlaﬁ1 aﬂray ﬁ@éiﬁ‘o&fi about a toroidal
magneti c material, such core passing through

apestet endgnetéciontebioh sieh core pasingtthrotgiagn @peatumem gagh bobbin.
claiml1l characterised in that the bobbins interfit, to

P O% %n ﬁq%dyas 41881%36 Vé% 1H1 F%ﬁg}ag& i nm tR %h?‘%ﬂgl erﬁt, to positively

Cl arne Facterise
ar eodarwitiaeddhroziekr.

5. A method as glahned in claim 4 characterised in that the bobbins are manufactured
jointly, as a single part or multiple inter-fitting parts which may be deformed into a toroid

after winding.

6. A method as claimed in claim 1 characterised in that the bobbins are provided with

pathways to support the wires as they pass from one bobbin to another.

7. A method as claimed in claim 6 characterised in that part of the pathway extends normal

to a bobbin axis between two bobbins.

8. A wound bobbin set for a toroidally wound electrodynamic machine comprising a set of
wound bobbins initially wound as a linear array ‘and formed into a circular array
positioned about a toroidal core of magnetic material, such core passing through the
central aperture in each bobbin, the windings of two or more bobbins in each phase being

formed from a continuous wire or a continuous set of parallel wires.

9. A wound bobbin set as claimed in claim 8 characterised in that the winding method and

bobbins provide free space between the bobbins sufficient to allow forming them into a
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15 jointly, as a single part or nmultiple inter-fitting
parts which nay be deforned into a toroid after

wowvoudionry29 6. A nethod as clained in claiml  PCT/NZ2003/000274

characterised in that the bobbins are provided with

pat hways to support the wires as they pass fron1one

bobbin to another. 7. A nmethod _as clained. in c

c rfalfcak@r avpy Bdilp till pEAvidiag coincitibvsarthaagobing %th&@ "Sde of the bobbin
noy 20 to a bobbin axis between two bobbins. 8. A

mound bobbin set for a toroidally wound el ectrodynam c

machi ne conprising a set of wound bobbins initially

100AIIvbuad tebbinneans alainagd mnadaifroB whatabmﬁsndainmhatcmb dobbins are tapered
arra osi tioned, about .a toroidal re of magnetic

e 4 check B @RBHE S MO8 SR E R ent ral

aperture in each bobbin, the wi ndings of two or nore
lP‘WQ'e‘Pe%tﬂoﬂyI%ﬁB RARER @Bérﬂ Gitted SvitH @rwldinfel &MtlaBned in any preceding
continuous wire or a continuous set of parallel wres.
9.clgimwound bobbin set as claimed in claim8

characterised in that the wi nding nethod and bobbins

provi de free space between the bobbins sufficient to

allow formng theminto a WO 2004/ 057629

PCT/ NZ2003/ 000274 -7 circular array while stil

provi di ng contact between the bobbins on the side of

t he bobbin core. 10. A wound bobbin set as clainmed in

claim8 characterised in that the bobbins are tapered

on the inner cheeks to facilitate formng into a

circular array. 5 11. An el ectrodynam ¢ nachi ne when

fitted with a winding as claimed in any precedi ng

cl aim



