27 August 2003 1 DI SK MOTOR TECHNI CAL FI ELD OF THE | NVENTI ON Thi s i nvention
relates to rotary dynanoel ectric nmachi nes of the brushless direct current
notor type having a disk configuration, and in particular relates to

i nprovenents in stators 5 for that kind of machi ne. BACKGROUND For a
brushl ess DC di sk notor, which generally conprises sets of aﬂ?@%%%?m3
magneti sabl e disks bearing a plurality of interacting magnetic poles and one
disk is caused to rotate 10 about an axis as a result of t or ques produced by
interaction between fixed magnetic porés in usually the novabl e surface or
rotor, and wi ndings for generating controllable magnetic polés within .
usually the fixed surface or stator (so that no w ping conmutator is
required), there is generally a need to construct notors that are as
efficient as possible. (O course the sanme argument could be used for a
dynamo in which case the device is instead a 15 transducer to convert notive
power into electrical energy, and this docunent includes dynanbs withinits
scope). RLSEM( Stgn invol ves consideration of the magnetic circuit and
where ferromagnetic elenents of high nagnetic perneability (including, of
course, the permanent magnets) are involved it is useful to mnimse the

portions PECANICMEIFEELD OF THE INVENTIONe a | ow 20 perneability. As a riesul t
a given current within any winding results in a greater torque (or vice

versa for _a dynano). The present applicati I i
desi gn ofThigwsiveatien mlges tq‘?\fﬁ“%‘ﬁ péﬁg?l:eg{;gp:q?a?phﬁégp?&lieih‘@%%ssé&g%%%&ﬁé%t e

w ndi ngs .assogi itk I £ ormy i : i 1 d
arount _ofiaonerar e s ibon@sibtial Wi Ra el G LAAL ks M 4 A5k

5 for that kind of machine.

BACKGROUND

For a brushless DC disk motor, which generally comprises sets of adjacent magnetisable
disks bearing a plurality of interacting magnetic poles and one disk is caused to rotate
10 about an axis as a result of torques produced by interaction between fixed magnetic poles
in usually the movable surface or rotor, and windings for generating controllable magnetic
poles within usually the fixed surface or stator (so that no wiping commutator is required),
there is generally a need to construct motors that are as efficient as possiblé. (Of course
the same argument could be used for a dynamo in which case the device is instead a
15 transducer to convert motive power into electrical energy, and this document includes

dynamos within its scope).

Stator design involves consideration of the magnetic circuit and where ferromagnetic
elements of high magnetic permeability (including, of course, the permanent magnets) are
involved it is useful to minimise the portions of any magnetic circuit that have a low
20 permeability. As a result a given current within any winding results in a greater torque (or
vice versa for a dynamo). The present application explores ways to improve the design of
wound stators which are primarily applicable to cases where windings associated with a

disk form include a large radially directed amount of conductor, such as in a disk motor.
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OBJECT It is an object of this invention to provide an inproved rotary
dynanoel ectric machine, or at least to provide the public with a useful
choice. 5 STATEMENT OF I NVENTION I n one aspect the invention provides a
stator winding for a discoidal rotary dynanoelectric machine, having a
plurality of generally radially disposed groups of conduct or’dAUgEA® n t he
space occupi ed by the conductors of any one group is wder (fromside to
side) and shall ower towards the periphery of the stator and 10 narrower
(fromside to side) and deeper towards 2he centre of the stator. In anot her
aspect th@BJE&ANti on provides a discoidal rotary dynamoel ectric machine,
having at |least a rotor disk and a stator disk supporting a stator w ndi-ng as
descri bedy, 'is{‘a& Qt%e&ro?‘{hﬁﬁﬁvefﬂ%ﬁ‘% @%Dide %B%ﬁ{o%h ¥T§%C&;n%8818ct% lﬁé%pﬂu‘é,%or s on
the stator Tires~over a ferronmagnetic materi al having a magnetic

per neabi | ittlyasgtogabeide thegpublib afithefusaful chdtef erably the cross-sectional area of
each group of conductors is substantially constant at any pl ane tangent:i al
to the axis of rotation and including the radially disposed groups of
conductors. Preferably the ferromagnetic material slopes away fromthe rotor
fromthe 20 periphery of the stator towards the center of the stator, so

t hat tge @f{‘ Eﬂqtbﬁ’ IN'Wl@i‘i@l[LJ i's maintained adj acent to the wi ndings.!
he

Preferably erromagnetic nmaterial is chosen fromthe group conpri sing:
iron wre, iron strip, iron powder, and bulk iron. 27 August 2003 - 3-
Pr ef er abl In bhe aspext ahe iiavantishapredidds sk statod wWwmding fdrus aliscoydabfrogener al | y

radially _disposed, depressjons capahle of receivi.n plurality of turns of
the condud¥mgpgelectjcapashinee %\ﬂngj%aﬂé@ﬂgye onsraflyqatiaddharsed erupher i pher y of

the disk. conductors; wherein the space occupied by the conductors of any one group is |
wider (from side to side) and shallower towards the periphery of the stator and

10 narrower (from side to side) and deeper towards the centre of the stator.

In another aspect the invention provides a discoidal rotary dynamoelectric machine,
having at least a rotor disk and a stator disk supporting a stator winding as

described in the previous paragraph.

Preferably each group of conductors on the stator lies over a ferromagnetic material

15 having a magnetic permeability greater than that of air.

Preferably the cross-sectional area of each group of conductors is substantially
constant at any plane tangential to the axis of rotation and including the radially

disposed groups of conductors.

Preferably the ferromagnetic material slopes away from the rotor from the
20 periphery of the stator towards the center of the stator, so that the ferromagnetic

material is maintained adjacent to the windings.

Preferably the ferromagnetic material is chosen from the group comprising: iron

wire, iron strip, iron powder, and bulk iron.



Preferably each depression is al so deeper towards the centre of the shaped
disk. 5 Preferably the rotor has between two and 128 pernanent nmagnetic
poles, and in its nost preferred formhas 8 poles. In another aspect the

i nvention provides a nethod of creating a stator winding for a discoidal
rotary dynanoel ectric machine, by winding a plurality of genésarg%t200adi al |y
di sposed groups of elongate conductors on a shaped fornmer having a centre 10
and a periphery, the shaped former has a plurality of generally radially

di sposed depressions capabl e of neceiVihg a plurality of turns of the
conduct or Brefarshdy ¢he stagagcly @lshansd sdigh and hap depluradifin off Senerallpapdipiher y and .

conductors _are und.in su a,. . way .that .t S 0 i e he conductors
of any On&i’ls%qsgﬁ P SWEe‘FaP%ﬁF oortr}rg‘f ‘émg ' hs]}llgtés gf;ﬁlgnssﬁgﬁﬁpcv@gﬁ 81\1/%/ar ds the

peri pherywﬁéremf&cﬁuqir@gsi@nﬁmrnmasﬂl%;p@ﬂpmrﬁsfthéaiskp si de) and deeper
towards the centre of the fornmer. In a further aspect this invention provides
a rotary dynanpel ectric machine, having at least a first and a second

adj acent Pistpsehly saah depressipn iscalsodesperiovards theroentse obthgshaped diskeach bearing a

plurality of magnetic poles, where one surface may be caused to rotate, about

an axks, t ' LM : ween fixed
magnet T TS i S AE heiSHE REE a1 b mhint Hon B b AP Magnet i1

pol es i nchosigeferted femdes @pdlessur f ace, wherein the magnetic poles of at |east
one second surface result fromelectric currents flowwing within a plurality

of groups. of wound copduyctors or w ndi ngs,. each grou bei n und within a
depr essi o %Fh?éﬂsﬂﬁftt‘ﬁ? HIVENURLPROYIAES & P@?e%@%‘ﬁ 05"@88%§§Fa69¥ Vb‘@&‘g‘ﬁ\?g‘é@( panded

| ateral | yy: eer M. : I : r I j es over a
ferromag n%l%(?)\é\@grlradlt%é%r? a?ﬁ?#g\%la%lx amﬁgnéﬁéétellg 353 Vag%‘?{ﬁeeﬁg’rﬁfr??@ g{rsggft?ée}?ﬂlt han t hat of
air), forrudiagly péspbsedf graupsageéidngate condusitdrs bn alshafied Joiniee havidg acentre f i r st

surface. 27 August 2003 -4- | is also preferred that each depression is al so
deepe,lot odsk @gg{ihl@ry}ethg Shapsd ti)ﬁgerslpp&&egl%ra ity of genererllﬁr rad%(fly cgsp%se(f

depressions capable of receiving a plurality of turns of the conductors, wherein

each depression is wider towards the periphery and conductors are wound in such a
way that the space occupied by the conductors of any one group is wider (from side ‘
to side) and shallower towards the periphery of the stator and narrower (from side

15 to side) and deeper towards the centre of the former.

In a further aspect this invention provides a rotary dynamoelectric machine, having at least
a first and a second adjacent magnetisable surface each in the form of a disk and each
bearing a plurality of magnetic poles, where one surface may be caused to rotate, about an
axis, across the other surface as a result of interaction between fixed magnetic poles
20 included in the first surface and controllable magnetic poles included in the second
surface, wherein the magnetic poles of at least one second surface result from electric
currents flowing within a plurality of groups of wound conductors or windings, each group
being wound within a depression formed within a shaped disk, each depression being

expanded laterally towards the periphery.

25 Preferably each depression lies over a ferromagnetic material (having a magnetic
permeability greater than that of air), forming part of a magnetic circuit including the

adjacent first surface.



di sk. Preferably each depression is deeper towards the centre of the shaped
di sk, so that the cross-sectional area in a tangential plane to the axis of
rotation of the second surface and 5 including a wnding area is
substantially similar. Preferably the maxi num nunber of turns| of conductor
that can be wound so as to lie beneath the outer boundari es 24\ guse003
depression is substantially constant at any plane tangential:to the axis of
rotation and including a wi nding area. {referabl y the ferromagnetic materi al
is also positioned deeper towards the centre of the 10 shaped di sk, so t hat
the ferrolidy ﬁbmmefﬁﬁ@@ﬁhameaﬂs deripsston i edpoadfeneietomads theeenifnef igssh aped
Ferromagng,rsll(c materials can include: iron wire or iron strip wound in the
form of a Wit ch- spring coil, possibly a ferrite, iron powder, or for
dynanoel ectri c machi nes int ended for use at relativel y | ow speeds, bul k
iron. A pPefeablgdadiedepresipmeisi deepat eviaals the centragh étei shabéd/ diskf so thaothen re
wound in the formof a, 15 coil, Another preferred ferfomagnet.ic ter al: is a
magnet i ca$tPss-sestional apy inay tapgeRtakRlanetorthe axis Gf gotation; of tie sgeand:s . Yet
anot hee p pBg; ,p. 1 S iron powder, either pressed into
t he réqu{n?lfélg{r{gﬁdg‘g{éﬁg supgg{rﬂ%sq':aélmfﬁgeﬂﬁgixy/ pl astic binders. 20 An alternative
ferromagnetic material, nore particularly for dynanoel ectric machi nes |

i nt ended Peferalsdy tiad nraaimmrhvminyoek @cﬁ/tsx}neexﬂ&pndlmtdnuﬂhkt tanobe ovoundbrse gerteflér abl y an

al | oy |nclud|ng iron and havin relatively | ow hysteresis. A preferred
number  of b§¥sHBsthe oy ARG O ﬁ}EF fongessigyy is Y"&Pé ﬁoﬁslt?@trﬂﬁrﬂ?grﬁﬁ‘?e pol es

5 el Nt -l BTG gg@fmatgnahalm;aﬁm&eahe i vention provi des an

electric not or aVI n neti sa

Preferably the ferromagnetic material is also positioned deeper towards the centre of the

10 shaped disk, so that the ferromagnetic material is maintained adjacent to the windings.

Ferromagnetic materials can include: iron wire or iron strip wound in the form of a watch-
spring coil, possibly a ferrite, iron powder, or for dynamoelectric machines intended for

use at relatively low speeds, bulk iron.

A preferred ferromagnetic material is a magnetically soft iron wire wound in the form of a

15 caoil

Another preferred ferromagnetic material is a magnetically soft iron strip wound in the

form of a watch-spring coil.

Yet another preferred ferromagnetic material is iron powder, either pressed into the

required shape or supported by epoxy/plastic binders.

20 An alternative ferromagnetic material, more particularly for dynamoelectric machines
intended for use at relatively low speeds, is bulk iron or more preferably an alloy including -

iron and having a relatively low hysteresis.
A preferred number of poles is between two and 128.

More preferably the number of poles is eight.



assenbly facing an array of generally radially oriented w ndings; one being
rotatable in relation to the other; one having nagnetic poles, the other
havi ng wi ndi ngs, the windings being held within cavities in a support
structure, wherein each cavity is wider and 5 shallower towarids the externa
peri phery of the motor and narrower and deeper towards the CEdPguEt283 t he
notor. I n another aspect the invention provides a brushless DC di sk notor,
having a rotatable permanent magnet assenbly and an array of. generally
radially oriented windings in nore thah” one sector each held within a

cor r esponti #ipthar Aspech the anvepten wravidas s dJectde diskhapkrnhaving adRaghetisabl ovi des

o | . . . Ve
sector | 2SPAES AR AMOFRS.E dnEAP AR SHARE AL oL BB OBy | 210
to side) rentidndeeiResthe))\vas havihgenagastis poled tich@hemhavilgdwinidingsnde frdndimgs The

invention al so enconpasses, a stator or a shaped winding former for. such
dynanoel ebging deldotithie Sayibiss tin cusapRojt slerctyey shceds e ¢peily Aptviden) andis | n a

furt heé f bgh%ﬁg\év?fgﬁ\?a}dst &8 eQYeE %hﬁl?]eté{/ iog‘?t %'cd?%n gfex?m Rr?cli ﬁée%g{; itc?’hagd ynamo

node ope I'n"Which caus rel"atrve rotator on-o i rst
and seconghe@bstiSoftBe o, ef fect of inducing the flow of electric currents
within the plurality of groups of wound conductors. The dynanpel ectric |
machi ne can have at | east one stationary di sk .incl udi ng{vvi ndi ngs and_ 20

T

hence no I atler asprch dhes invapiien Broyides & bryshiess D (disk mtan,Banng apptagaple
e . . .
conduct or &gagg%tinﬁ]%%i éﬂ&nggnﬂﬂ%od}%?#ggéé}gﬁ n}éa‘a\k/axlgito@f%n%h %@g@gs (ﬁpﬁlorebl o of

st ati onar udes permanent ng con S capa

carrying thdf bedsedistteacieneld wiihked copergording slanih @shapédivindihgcfontders ivbereirmr e
provided in order to energise windings on at |east one rotatable disk. 25
PREFERRED=aEh/BlobPraErdes atwindingsppsep end iherein the spacg opeunid byoths avipdigg ofay her ei n

5 9L B A oA BRSO e SRSt B o g o 1o

and deeper towards the centre of the moulded winding former.

The invention also encompasses a stator or a shaped winding former for such

dynamoelectric machines (particularly for brushless DC disk motors).

15 In a further broad aspect the dynamoelectric machine may be operated in a dynamo mode
of operation, in which causing relative rotatory motion of the first and second disks has the
effect of inducing the flow of electric currents within the plurality of groups of wound

conductors.

The dynamoelectric machine can have at least one stationary disk including windings and
20 hence no wiping contacts capable of carrying current betwgen a fixed conductor and a

rotating conductor.

Alternatively the at least one stationary disk includes permanent magnets, and wiping
contacts capable of carrying current between a fixed conductor and a rotating conductor -

are provided in order to energise windings on at least one rotatable disk.
25 PREFERRED EMBODIMENTS

The description of the invention to be provided herein is given purely by way of example

and, together with the various examples to be described and illustrated, is not in any way



-6- to be taken as limting the scope or extent of the invention. It should
al so be recognised that sone of the draw ngs include dinensions in

mllimetres to aid in the understanding of the shape of the stator, but such

di mensions are given purely by way of exanple and are not intended to be
limiting in any way. 5 DRAWNGS Fig 1: shows in principle hoR #hessigPefil e of
an individual depression (or group of conductors) changes friomthe periphery -
to the centre, in order to contain a fixed nunber of sectioned circular
conductors within a narrower space. Fi'g6 2: shows a perspective view of part
of a st atlorbectaken as himiting thg sedpeans extent pHthe invandiggh liashorldl asmbp respgrisatduct or s

taken fromFig 1..Fig 3. is i pensi.oned eng@i neer.ing, dr.awi n f stator
ol di ng. B sodecif i fraiingsnlude GRERLERE ARG bl B birtingf 08 ot at or
noul di ng, th Rhape! $ARE statdVWbutFdueh imERRING afe SVES pureBChy WaRbf ¥kAiplefand afll sk
notor including a stator having a depression cut along a radius, with -

r epr esent watiigasdedfto bo himitamidany ovay. and a wat ch-spring 15 style | ani nated
ferromagnetic backing. Fig 6: shows a pre-fornmed stator winding prior to

attach n}t)t ator. The principles of this invention are shown in the
iIIustggt Bﬁ*(s“’ﬁ@ is well known, dinmensions across a sector of a circle

dimnish closer to the centre. In a disk notor, w ndings are |aid downiin
nmore or | EpS:ra@dwal indptihdiplephsw i thosprafild eBah indiviiuap deprebsior?Qori devalpl ¥f occupy
a sector of the disk. Thus a schenme to pack the sanme nunber of conductors
into a dinini stAndgcterse cbanggs diom e periphenxide dhe pentreaHeprdendp eenteiara fxed
conductors "A D' i

in _.section.10 re xanpl e positions of
t hose conduct ol?lgnl?erxi 0{ F‘leec(ﬁ8fl?1d;$&u§afé(?Sri?%ﬁéo?ﬁvﬁﬂ%rai %at?l%g% % E’%ﬁcgeoi dal
dynanoel ectric machines the stator is generally based on a "coil 25 forner”

havi ng a Pignhesho®ls a'pRepattivedvied of par0bf ABa®r O6re] iBSIadiG B8 BéctiohsltHiowhch any
section across a wnding will tend to show a simlar breadth and hei ght of
pi | ed 18onduct ogreup vhegnductors taken from Fig 1.

Fig 3: is a dimensioned engineering drawing of a stator moulding, in section.
Fig 4: is a dimensioned engineering drawing of a stator moulding, in surface view.

Fig 5: shows a cross sectional view of a disk motor including a stator having a depression
cut along a radius, with representations of some conductors and a watch-spring

15 style laminated ferromagnetic backing.
Fig 6: shows a pre-formed stator winding prior to attachment to a stator.

The principles of this invention are shown in the illustrations. As is well known,
dimensions across a sector of a circle diminish closer to the centre. In a disk motor,
windings are laid down in more or less radial active portions and each winding would
20 ideally occupy a sector of the disk. Thus a scheme to pack the same number of conductors
into a diminishing sector width exists. Note the labelling of certain conductors "A.D" in
section 103, and the corresponding example positions of those conductors in the other

sections.

In prior art discoidal dynamoelectric machines the stator is generally based on a "coil
25 former" having a number of radiating slots of more or less constant width and any section

across a winding will tend to show a similar breadth and height of piled conductors. There



27 August 2003 -7- is enpty space between the other ends of one w nding and 1
an adjacent wi nding, and the proportion of enpty space to w ndi ng depends on |
the ratio of the inner to the outer radius of the stator. To not have that ‘
enpty space (which represents an identifiable inefficiency) Mwould tend to .
l ead to conductors spilling out of the slot towards the innel’ #E8Ei2A%f the 5
stator and these would tend to collide wth the nearby rotatabl e mgnet
array. This is the problemto be sol ve}j. Figures 1 to 5 of the follow ng
drawi ngs show a stator having special |y shaped depressions . to allow the
gener al | yisreamtyspase deprsadhe st padsodt esnvindingrandramadigpenhwindinguiapdititys t o

be wound | t .1 | omer %ﬁ ear the
peri pher yf)ﬂéﬁr%ﬂp%g&@%&a%ﬂ%?é %qh‘gﬁ%l ”%g‘sﬁ’ﬁ%ﬁg toglmtfgﬁ? g%{ot e %gﬁlt%% l[eo 0 0’?%2 S a§t1or.
Thus the efxheyatorr Toawn hbee thavdtpty spice (Whithabpeshtssarpidentifidble meffididneynat i ve
exanpl e, the conductors can be wound onto_ a shaped forner, then held in the

requi red waBlddens toglepd &e gonsfuctopesnilling ouh af the hetdqwards|the ingex margin of $hey st at or
disk. FEig t el g nri ar . he t : tator.
15°F g1 Sy ARGl doft B dle Y ety Rlardefe oA AHED. THA, B
conduct or groblRdy toibatselvedect angl es which tend to have sim |l ar cross-sectional
areas although a nore relevant requirenent is that the requisite nunber of
outlines are at | east contained within a cross- sectional outljne. The

rect angl eFigoes Adp o1 the fallowingsdraywings shovpg statog haviag speciallyshepedicpressigns 102

hol ds t he, s ' . . i A L single
S R R D R R S A
of packi nige wourdlinduti &fvay Fhay thbyshienwy 4 Wilepbiitl shalkswafspidediedr the periphgppsed on a
perspective view of a diagrammatic stator noul di n% ("coil fornmer™) 200 ‘or
shapedOdi &R staterdhan they do tawasds the epatreoef thagator: Fhvs the sanductoss gangbe weund n 201
bet ween o o%é‘g‘ﬂa{is@d ! tlﬁ ANCAIEEIRINE e'xﬁmgfe ﬂ’rébcgm{}&b&! dat 6%%8&?&‘&0 AN ni mal
wi dt h, whiTe "ahy tangential sectlon acrossS the depression reveals a

subst ant i gapyd 2anRenhERREIdCIORS &bl Ghgle BY @aesif Deehalikg dndsubiequBlittf er abl y
each depression is al so deeper o )
attached to a stator disk. Figure 6 shows such a stator winding prior to attachment to a

stator.

15 TFig 1 shows three ways to pack 11 spherical outlines (representing conductors 104) into
rectangles which tend to have similar cross-sectional areas although a more relevant
requirement is that the requisite number of outlines are at least contained within a cross-
sectional outline. The rectangle 101 holds 11 outlines in a 4 over 3 over 4 type of packing,
102 holds the same number in 5 over 6, and rectangle 103 holds all 11 in a single line. If

20 square conductors (for example) were to be employed, the details of packing would differ.

Fig 2 shows the outlines of Fig 1 superimposed on a perspective view of a diagrammatic
stator moulding ("coil former") 200 or shaped disk according to the invention. Note that
the separator or fin 201 between one winding and its neighbour is of -substantially constant,
minimal width, while any tangential section across the depression reveals a substantially
25  constant cross-sectional area. (See also fig 4). Preferably each depression is also deeper
towards the centre of the shaped disk, so that the cross-sectional area in a tangential plane
to the axis of rotation of the second surface and including a winding area is substantially
similar. Put in another way, the depression 203 within the stator moulding is shaped so as

to become shallower towards the periphery 204. (This is because in most cases it is



towards the centre of the shaped disk, so that the cross-sectional area in a
tangential plane to the axis of rotation of the second surface and including -
a wnding area is substantially simlar. Put in another way, the depression
203 within the stator moulding is shaped so as to becone shall ower towards
the periphery 204. (This is because in nost cases it is 27 AFGAEEus2O¢3 - 8-

i nconvenient to provide a disk having nounted pernmanent magnets in other than
a generally flat surface, although a flattened concave coni cal magnet
surface is of course a _possibility). ‘Bhch i ndi vi dual conductor cl osely

fol | ows alconygpicabty pravifdes Hiskehavimgy npustedeermanenit magnets i ptharnhaman i n Fig

4) throug r | chi [ . ] [ an i a -
depr essi ogen%@gﬁ{aa\? iSlrlllggcé’ g#%%?ﬁ%%ﬁ%ﬁ% g%g‘é‘%goﬁl r %\l/lﬁrga g{etgs\ﬁ?eé%:?sl %fe%g}]}s}taoamr ds
t he cent rgossiBility)Di Edeh $ndividudlicondattorat@elyfolloidesh inthgidakpradianiee for an ei ght -

pol e di sk nmotor. The space 301 is intended to hold a ferromagnetic porti-on of
the nmagnetic circuit, 302 is the surface that in use will be adjacent to a

di sk car rEigdgshopes areastian (fioayhes A-A mFig 4) throughyastator mpuidipg 300 asgorfingitost at or
noul di Bg i t i i ; i: {.Sk.401,
'l udh gt F b ok VR & Gplafoh PHERELAR o WHREALHEs07 B BebionBy it
shaped depnaskithoseROB30E Dinvisios! (h tescdre heduded irahisiesample for ameighte |
included in this exam%l e for a three-phase, eight-pole disk nptor, Fig 5
shows a reele alisks motoron Thoepass 30 ns dnendeddio; heldor feragmaengtic portipne hfheet ed

or evi ousl PTERRE DepRP, 3 AR Buinlee BREAFRRE SRRV RN (b 27 MECGRLHE,,

conduct or gerfma gy h&y. Which, as shown in Fig 2, diverge in the plane of the
di sk surface towards the periphery and concentrate, so lie nore or |ess
above each other within the nore depressed area near the centre which is
above 10 heFigdpshowspi syriace vigwria statermpoadmg 408 aaepsding do thedavention hgvipg thehj s case
a wat ch-spring stirimaaf: Ui i he sane
o< P PR Ry L8 27 990l e AP oM

with shaped depressions 203 as previously described. Dimensions (in mm) are included in

this example for a three-phase, eight-pole disk motor.

Fig 5 shows a radial section 500 through the midline of a sector of a completed stator 507
15 having a centrally more depressed cavity (as described previously) and a ferromagnetic
mass 509 beneath the windings 503 (four conductors shown here) which, as shown in Fig
2, diverge in the plane of the disk surface towards the periphery and concentrate, so lie
more or less above each other within the more depressed area near the centre which is

above the top of Fig 5.

20 The example ferromagnetic mass 509 is in this case a watch-spring strip of a suitable
coated steel that occupies about the same annular width as do the set of magnets.. It can be
contained between an inner ring 506 and an outer ring 505 of any suitable material. In one
prototype we used "Tufnol"; a fabric-reinforced phenolic plastics material. These rings are
optional - in some versions of the motor they assist in holding the ferromagnetic mass in

25 place.

The stator body 507 can beneficially be made from a thermally conductive material, (e.g.
metallic) to remove heat from the back iron 509 and the winding 503. The body 597 can,

for example, be made from aluminium. Alternatively it can be made from any other



cont ai ned between an inner ring 506 and an outer ring 505 of any suitable
material. In one prototype we used "Tufnol"; a fabric-reinforced phenolic
plastics naterial. These rings are optional - in some versions of the notor
they assist in holding the ferromagnetic mass in 25 place. The stator body
507 can beneficially be made froma thermally conductive mat &f Aagust 2083 g.
netallic) to renove heat fromthe back iron 509 and the w nding 503. The body
597 can, for exanple, be made fromalum nium Alternatively it can be nade
fromany other 27 August 2003 -9- metaldic material. Alternatively it can be
non- net al mp@llrcen@ten@lo nﬁsltqmpétvelcr it ¢weawnap¢ahh§ébgeconetwgrt¢rb’ré@mmg appg@tbiec such
as Rynit %p . The st hown as 501 and it carries a magnet 502 (a
North pol g}rgeersl% srug as%hplctfﬁ faces the wi ndings across a small gap 508.
The dividing strip (here 504; elsewhere 5 201) is the closest portion of the

stator 50Thd §tedlhBtor @ sHowrNe $01t it it thieied @ miapaegsiRt laONoTE pole ad sidvaphdreef er abl y
sl opes avval\( fromthe rotor towards the centre of the stator. A watch spring

core, or whighdases theowindings aergns damakb gari50% The dividinggieip cherd594:lseschere
af t erwar er-l.al ed, cast, ground, turned, or
ot hervmlgsceifolhéspte %10 3P81|q?15 IOflﬂ% %at??é/ ﬂgt e g(%srher ha?rd |tg |§ pr ef gr able to

provi de a concave flattened cone shape |n the rotor assenbly, the deepening

of the stHberthaicthe desorangnetis nivddrial @lpoi prefdrabBt dbpds DRIy RGMI the SoteATbWRRdOM t t ed
if the winding is pre-forned as shown in Figure 6 and is attached to a the

3 ur f gce ofhe gerfte 0 ew@awrngAthsmwecFOfeePramwéﬂr%l qoxg ean bpwopmsd, in |
Pviders {h@éﬁﬁ cﬁlktoﬁsd 2R i c?sax{vﬁﬁé gulgcf}ﬂa[teﬁa!‘se?xggﬁé‘g% P?a%I giﬁﬁ%h%ds J ol I ows

a gener al rapezoi ort fons

(relati veotha“xigreeshgpdugceo@ingq)he wi ndi ng) that correspond to the illustration
of Figures 1 and 2. The pre-formng of the stator w ndings as shown in figure
6 (which is phot ocopy, of an actual winding) allows nultiple w ndings to

overl ap a4 ogﬁbwqtl'm h i§ preferable o previde grgoncave flattened cone shape in the rotor
assembly, the deepening of the stator depressions is not required.

Stator depressions can be omitted if the winding is pre-formed as shown in Figure 6 and is
attached to a the surface of a stator having the shaped ferromagnetic layer 509 (but the
dividers 504 will be absent). Note that the each group of conductors follows a generally
15 trapezoidal path, but it is the generally radial portions (relative to the centre of the

winding) that correspond to the illustration of Figures 1 and 2.

The pre-forming of the stator windings as shown in figure 6 (which is a photocopy of an
actual winding) allows multiple windings to overlap as shown without interference from
the dividers of figure 5. The conductors can be wound onto a shaped former, then held in

20 the required shape by a resin or the like and subsequently attached to the shaped stator.
VARIATIONS

Variations of the preferred ferromagnetic materials include: iron wire or strip wound in
the form of a coil, (possibly though less likely a ferrite), iron powder (such as "Accucore"
(TM) Magnetics International), or for dynamoelectric machines intended for use at
25 relatively low speeds, bulk iron would do. Silicon steel having a low hysteresis would be

preferable. When the rotor moves, the ferromagnetic material in the stator carries flux in



the dividers of figure 5. The conductors can be wound onto a shaped forner,
then held in 20 the required shape by a resin or the |ike and subsequently
attached to the shaped stator. VARI ATIONS Variations of the preferred
ferromagnetic materials include: iron wire or strip wound in ithe formof a
coil, (possibly though less likely a ferrite), iron powder ($7Aheus003
"Accucore” (TM Magnetics International), or for dynampel ectric machines
intended for use at 25 relatively | ow speeds, bulk iron would do. Silicon
steel having a | ow hysteresis woul d bel pref erabl e. Wen the rotor noves, the
f er r omagnfst engrdireqtioal andrtherm thesatheropo wgmt@glly ISQ& ow Mteﬂ@ﬁgﬁnbﬁs pEO3ials] -

first one dir on_and the h her
hystere3|asrepf)e§ Wﬁ’tlgﬁe&aglcugafgagp@grr%f é‘?&ilrg |u§,dr%atse§1i gher speeds
when the rate of reversal i ncreases. Although an eight pole notor is

descri bedAHl@d% %lﬁtLpUP@fnoﬁfr ipabRsibed h&1e] e dinibep obPéles BEBdaES BLEhdTOrE
than 128 RCT AL BENEFI TS OR ADVANTAGES The nodified stator havi ng a

central | ypedkapseremgotetbared28.on forned by the shaped back iron in order to
accommobdate the windings is relatively easy to nmanufacture and does not

irrposegané M]ﬁ(éh%ﬂ ﬁ&ﬁhfgo@ﬂpfﬁ%ﬁﬂ‘%ﬁ use of dynanoel ectric nachines

in whi i's use roves ¢ efficiency of such machi nes both Hy
closing the gaps in the 10 magnetic circuit and al so by reducing "cogging"” in

that therthd modifitdstatoohgige e cemtrdllyedecpeniing depresspnnfogned by thid shappdibacks
wi t hout intercepting awlndlnglmFlnall , we,wshtoreiterate that although
further visen mwréerstowcqrn@orim Vilings iy eedaivelyesy temanyfaciie andedoss pot

t hensel ve e t h| n
thescopcess Ry SREEGmARS T bk Rl? fPuict RYFEHOGHE RG] HOGHicn Y
is used. It improves the efficiency of such machines both by closing the gaps in the
10 magnetic circuit and also by reducing "cogging" in that there is almost no place in the

motor where magnetic flux passes without intercepting a winding.

Finally, we wish to reiterate that although further variations on the invention as described
herein may present themselves to a reader, these variations are nevertheless included

within the scope of the invention as set forth.
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CLAIMS 1. A stator winding for a discoidal rotary dynanoel ectric machi ne,
conprising a generally planar winding nmade up of a plurality of generally
trapezoi dal shaped conductor coils, each conductor winding formng a sector
shaped | oop capable 5 of placenent on a stator disc and having a pair of .
general ly radially disposed groups of conductors; wherein tRéAsgsi@8030ccupi ed
by the conductors of any one group is: (a) wder (fromside to side) and
shal | ower towards the periphery of the stator, and 10 (b) narrower (from
side to side) and deeper towards the céhtre of the stator. 2. A discoidal
rotary dyGhadMSctric machine, having at least a rotor disk and a stator

di sk supporting a stator mﬁnding as claimed in claiml. 3. A discoidal rotary

conauctor & GhSphE apdf 57 BB R oy B Poichect! Rallife FREAEEYE 2 15

magneti ¢ peigaRadlly %lbf{argﬁlﬁ@ﬂhg fimddBap of haaiilu@f1tyadﬂgené¥ally°¢r§beiﬁﬂbﬁs'ﬂapé@t ary
dynanoel ectric machine, as clained in claim3, wherein the cross-sectional

area of eac IQ‘OJQ#%‘ERE coils, el genduetor V\gn@ngiqramg &IS‘FC)FOYO‘ibﬁBqda]ﬁPP &epablg,  pl ane

tangengial 1. ihe, a5 oll Al 8 ARthd Pk GEIEI LRS! dipcllpposed

groups i 'SCoi ary sgyna ®REchi ne as

cl ai rred l N gltip§lof conduetosd; Wwhehsn tHe@pﬁ@HﬂiﬂﬂﬁEd by ARt @hiladtorsloBRegosvay from the
rotor fromthe perlphery of the stator towards the center of the stator, so

that the fer®Wdgnetic material is mintained adjacent to the w ndings. 6. A
di scoi dal rot ary dynanoel ectric machine, as clainmed in claim5, wherein the

25 1ot OmOGL Gl G 5l b 3B ARP afIOREL AT B B AR b Dindef 00 W e or

iron strlp ormo iron povvder
and bul k |ronand

10 (b) narrower (from side to side) and deeper towards the centre of the stator.

2. A discoidal rotary dynamoelectric machine, having at least a rotor disk and a

stator disk supporting a stator winding as claimed in claim 1.

3. A discoidal rotary dynamoelectric machine, as claimed in claim 2, wherein each
group of conductors on the stator lies over a ferromagnetic material having a

15 magnetic permeability greater than that of air.

4. A discoidal rotary dynamoelectric machine, as claimed in claim 3, wherein the
cross-sectional area of each group of conductors is substantially constant at any
plane tangential to the axis of rotation and including the radially disposed

groups of conductors.

20 5. A discoidal rotary dynamoelectric machine as claimed in claim 4, wherein the
ferromagnetic material slopes away from the rotor from the periphery of the
stator towards the center of the stator, so that the ferromagnetic material is

maintained adjacent to the windings.

6. A discoidal rotary dynamoelectric machine, as claimed in claim 5, wherein the
25 ferromagnetic material is chosen from the group comprising: iron wire or iron
strip wound in the form of a watch-spring coil, a ferrite, iron powder, and bulk

iron.



27 August 2003 -12- 7. A discoidal rotary dynanoel ectric machi ne, as cl ai ned
in claim6, wherein the stator is a shaped disk and has a plurality of
generally radially disposed depressions capable of receiving a plurality of
turns of the conductors, wherein each depression is wider towards the

peri phery of the disk. 5 8. A discoidal rotary dynanoel ectri @7/Aughi2es as
claimed in claim7, wherein each depression is also deeper towards the
centre of the shaped disk. 9. A discoidal rotary dynanpel ectric machi ne, as
claimed in claim2, wherein the rotorlBas between two and 128 per nanent
magnet i ¢ Pollediscdifal rotady dyreinbelectrist machinty as plaheskinrdlaimm@ oklieneindke cl ai med in
claim®6, wherein the 10 ch-spring coil is deformed.ipto,.a frusto-conical
Shape. | ABSHRCE Prehepfl Bros IeRORE 2 PEie o) esReal X oty ishestd ose B Mot or
havi ng a st 0y G M o ; iheO SR whi ch

radi at e out gﬁ:lrg%?n&?%e&agée’%% Pg}ég?w?dﬁ?@% gﬁél?%}%sh(gt%eri pﬁ%ﬂro{/k.’ w'I}'lﬁlt(=§§%lept h of- each

sl ot i ncr easach deprexsida it Wizlec txwaeds thé peripghesit afttbe diskhe sl ot, therefore, is
wi der (fromside to side and shall ower towards the periphery of the stator,

and narroyer, (from.side to side) and deeper towards the center of the stator.
Thi's. apr abgenditortH o Prtehet ashirgs Do e A BRF B the surf ace
(504) of t!&@px%&s%xpfs afs'éQl@: r [\RariR AR eEAtRe & the Waped Bckudes a backing of &
ferromagnetic materia (50%6). This ferronmagneti ¢ material (509) can be a

wat ch spring core made froma long strip of soft iron tape.
9. A discoidal rotary dynamoelectric machine, as claimed in claim 2, wherein the

rotor has between two and 128 permanent magnetic poles.

10. A discoidal rotary dynamoelectric machine as claimed in claim 6, wherein the

10 watch-spring coil is deformed into a frusto-conical shape.





