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

o OB s 65 gt o s

anount of or, °suc
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.

25



27 August 2003 -2 OBJECT It is an object of this invention to provide an

i nproved rotary dynanoel ectric nmachine, 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 dynanoelectyic machine,
having a plurality of generally radially disposed groups of Z¢&HEREO s;
wherein the space occupi ed by the conductors of any one group:is wder (from
side to side) and shall ower towards the periphery of the stator and 10
narrower (from side to side) and deepe‘rztowards the centre of the stator. In
anot her aOBJECT he i nvention provides a discoidal rotary dynanoel ectric

machi ne, having at least a rotor disk and a stator disk supporting a stator

i ndi N ap . AeSEelNad Bl dBoRIEHONR RUBAE ool S8k Al B 3GHHOUP O

conduct ors “on 0 es over a ferromagné aving a

magneti c peeRERYrbiity tgrpalievithamefulshoied. air. Preferably the *
cross-sectional area of each group of conductors is substantially const:ant

at any plane tangential to the axis of rotation and including the radially
di sposed groups of conductors. Preferably the ferromagnetic material slopes
away fromthe rotor fromthe 20 periphery of the stator towards the center

of thecgst P&ﬂ'@ magnetic material is maintained adjacernt to
" ﬁ%“ﬂ}?@ er aEIIy t lgﬁéﬁ

t he wi hdi ng erromagnetic material is chosen fromthe group
conprising: iron wre, iron strip, iron powder, and bulk iron. 27 August
2003 In one aspect the invention provides a stator winding for a discoidal rotary

dynamoelectric machine, having a plurality of generally radially disposed groups of
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.



-3- Preferably 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 wder towards the periphery of

t he di sk. Preferably each depression is also deeper towards the centre of the
shaped disk. 5 Preferably the rotor has between two and 128 Pé AHensi2Ae3
magnetic poles, and in its nost preferred formhas 8 poles. 1n another
aspect the invention provides a nethod of creating a stator winding for a

di scoidal rotary dynanoelectric machi e - by winding a plurality of generally

radi al |y Brefpadedhgstigssisor shansdgiske a@@rb@&@t plugaligy, of gsherply rediglber having a
centre 10,and i pher f.he sha fo h general Iy
radially %‘F%%S‘gggpreﬁgo eés/a?flt(’)lrels()fcrgc a 1?% 0{#1{{1% it e?f/}u%%soéflé uraﬁu‘?[{)/rsbf turns of

the COnduﬁh&éﬁnea&‘ﬂﬂ&%ﬁbs@mnﬂ@%dﬂ@@ﬁaﬁ&ﬂh@Ipehﬁ ety 8fthe dikar ds t he periphery and
conductors are wound in such a way that the space occupied by the conductors

of any one ?roup is wder (fromside to side) and shallower towards the
per i pher yPigferatd eaghdepressipg ispdsor dagaor t("l*’?‘réﬁrﬂ"@lcﬁétre akthe shapeddiskand deeper -
towards the centre of the fornmer. In a further aspect this invention provides

a rotagy pﬁé%f lt}?e%fdr%a EWeBE tw Qﬁl{dn%gér?maﬁéﬁ agﬁet%ﬁ }é(ﬁ& g&j ifgecond .

adj acent magneti sabl e su ace eac ormo eac beariing a
pl ural i t ymoét prefgired foemdek 8polesher e one surface may be caused to rotate, about
an axis, across the other surface as a result of interaction between fixed

magnetic poles 20 inc uded i.n the, first rface .and control ) ahl e nmagnetic
pol es i ncf ﬁwr I'*‘lsl’Ff“Fet ¢ dW5Aton ErGP”IdS%%m%?gr‘glcFFaPH%aﬁﬁﬁq{é’Ylpémgg % of at |east

one SeCoNgsiilidl Atary ChhinoblOf ChiBdifd, oy %ﬁ&ﬁgté eyt geﬁé}m[i},n a plurality

of groups of woun uctors or wn eac oup d withi'n a
depr essi oradfatly eiésgpovddt grmups&fﬂtmge«d cdhddctoreanh stimedésmam thatiag agentex panded
| aterally towards the_ peri r(]etr
10 “and a periphery, the shaped former 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 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.



25 Preferably each depression lies over a ferromagnetic material (having a
magnetic perneability greater than that of air), formng part of a magnetic
circuit including the adjacent first surface. 27 August 2003 -4- It is also
preferred that each depression is also deeper towards the centre of the
shaped di sk. Preferably each depression is deeper towards the’A8s¥r8%%f 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 winding area is
substantially simlar. Preferably the TaXi rum nunber of turns_of conductor
that can lds alsaruelsaed shat gach deprpssionais lsordeeper towvarsts the spntes obthet fhgped

depr essi Oﬁisli(S substantially constant at any plane tangential to the axis of
rotation and including a winding area. Preferably the ferromagnetic materi al
is al so positioned deeper towards the centre of the 10 shaped disk, so that
t he ferr oPre@nstly eacmtepression B deeperttaivarid theljcamtendf the dhapedviisllj sugthat the
Ferromagnetic materials can include: iron wire or .irop strip wound in the
form of actesrseRtionabareagn adapgentalsalang o the puls of retation ghthg saernd sugfacy

dynanoel e&g?h&ggg‘g#ﬁg&%%réﬁggﬁg%ﬁgw Siﬁﬁﬂ%ﬁ- at relatively | ow speeds, bulk

i ron. preter omagneti c matver is a magnetically soft iron wre
wound in the formof a 15 coil Another preferred ferromagnetic materiall is a
magnet i caPiefersdy ttheé narimstmiumbednd tims tofieondwwton thht eannbd stouagrsoreg todid . Yet

anot her preferred ferrpmagnetic material .is.irqQn powder, either pressed into
the r equb%ﬁhsﬁﬁp@t@r 8%‘8‘%66?% efi thyy depeseiompisast S@R'B? d&?@?ﬁ@tﬁgaﬁ?’é@r nati ve
ferromagngh i &idPlothd Akis ofRARioAMNH il dihg ¥ wiklingRanoel ectric machi nes

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.



I ntended for use at relatively | ow speeds, is bulk iron or nore preferably an

alloy including iron and having a relatively | ow hysteresis. A preferred
nunber of poles is between two and 128. Mre preferably the nunber of poles
is eight. 1 27 August 2003 -5- In another aspect the invention provides an
el ectric disk motor, having a magnetisable assenbly facing &AA38¥)0%f
generally radially oriented wi ndings; one being rotatable in :relation to the
ot her; one having magnetic poles, the of her having w ndings, the w ndings
being held within cavities in a support”structure, wherein each cavity is

wi der andnsangilar|aspeat the aeaton Reovises annelectie dikhwptprohaving afaagnetisabie

narr ower t S . . N ct the
vent | ortrntls aghy BBl or BRI bricay Tiidihes, b BERE Bl IORE T
magnet asgeditiohto aiotaer; ahé Axviag ngAGiapAlys, adothid havirg windigs he dvingiags n nor e
t han one sector each held wthin a corresponding slot in a shaped w nding
former, wheipgihgldl vithire (saxitigs ipraoviRRest sirygtyei MCEhcach sAdtvie "afer #Mk space

oceupt 89 Byl WGANRe A BN ocBferS S AL mlor o a0 SRLLAWE o gyer d5 ¢ he

peri phéry and narrower “(from Si n eeper 't owar e centre of
t he nmoul dgd cehtidbMbie fdtsfer . The invention al so enconpasses a stator or a
shaped wi nding fornmer for. such dynanoel ectric machines (particularly fior
brushl ess. DC di sk notors). 15 In a, further broad aspect the dynanoel ectric

machi ne nhyangghes spent &bp %weati@ya@meﬁ@dmm%c% itk Btori havipg erolibls ng
nduci ng PRRPREGAREL RReRy i oh B U GREPRy MR hies BLHEE
wound  cofdheh®kétor each held within a corresponding slot in a shaped winding former, wherein
10 each slot provides a winding space, and wherein the space occupied by the winding of any
one sector is wider and shallower towards the periphery and narrower (from side to side)

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



The dynanvel ectric machi ne can have at | east one stationary disk including

wi ndi ngs and 20 hence no wiping contacts capable of carrying current between . .

a fixed conductor and a rotating conductor. Alternatively the at |east one
stationary disk includes permanent nmagnets, and w ping cont acts capabl e of
carrying current between a fixed conductor and a rotating corRd¥egus2003r e
provided in order to energise wi ndings on at |east one rotatable disk. 25
PREFERRED EMBODI MENTS The description of the invention to be provided herein
is given purely by way of exanple and'6toget her with the various exanples to
be descritocw takeh a9 hmstmgatheacone@rmtent of theynveayion.7 ladhgulst alspbarecegnises be

t ak t tent. of. th nt Id I b
Fecogn; setitt v ot iraSFenti ik to R immahindhh e Cinghe R $Es o

ai d in th@eWnsRr st Mo diangd, Bt subhdinséiaRRs afe lb@l ?ﬁxag%g whylbf sxgtipldiaf@Rf ONS are
given purely by way of exanple and are no en to be limting in any

way. 5 DRAWiNGSSIeditg be limitvagus ani Wi nci pl e how the profile of an individual
depression (or group of conductors) changes fromthe periphery to the
centre Iﬁ!}%}‘%&% %o contain a fixed nunber of sectioned circul ar conductors
Wi t hi n a F space. Fig 2: shows a perspective view of part of a stator
core, including three sections through a 10 group of conductors taken firom

Fig 1. FiBigd: é®wa #i pEAGDHIRNEBSY ethgipietlkel o0 adriadivithabidepressiat @or growpdohg, in
section. Fig 4: is a dinensioned engineeri n% drawi ng of a stator npulding, in
surface view ngugorsssbanges fionbths prsipheryriai hw@weofn ardgr &k comseigra fixgd udi ng a

cbmioctor e aaPu TR b SRR MlScnafolle bR coent et ens of sore

Fig 2: shows a perspective view of part of a stator core, including three sections through a

10 group of conductors 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



15 style |lam nated ferromagneti c backing. Fig 6: shows a pre-forned stator 1
W nding prior to attachnment to a stator. The principles of this invention are |
shown in the illustrations. As is well known, dinensions across a sector of
acircle dimnish closer to the centre. In a disk nmotor, windings are laid :
down in more or less radial active portions and each wi ndi ng 2A0UE& 2% i deal Iy
occupy a sector of the disk. Thus a schene to pack the sane nunber of

conductors into a dimnishing sector f dth exists. Note the |abelli ng of

certain conductors "A. D' in secti , and the correspondl exanp
posi t i onsisemptyspase hstreatthe ethen e@dfeofdmewmd%&nﬂcﬂ@sa Jaqenﬁowmngarafld ahescm dal

dynanoel eﬁ&%@gﬁ%ﬁ Qh@gﬁ ta@e?tos&rﬁtd@@ de?)exgcfs%%rtﬂle 'r:%élob@ﬁﬁé’ it & thE %gteﬁ r@cﬁléJ or frer*

having a Rt hore or 1'ess constant any
secti on aefftas statorWTacion Bavé ihht ¢repist sp@:es(whwharepnemnksean idestifitibe meffichenicght of
pil ed conductors, There 27 August 2003 -7- enpty space bet ween t he ot-her

ends of ovweulditees tglead & 8@%}%&%%%%&3 Sotdovaels the swsr maggin of thenpt.y
space £0 é%tgghﬁgthtg?eﬁ&rgglﬁ tgﬁq fohc%llﬁc?et Wit He xﬁe’\%ﬂnl v 130Edb1d &agﬁk{?s d £ rrge n? :tl#éls a b?fe

t he stator 0 no ave t space repres
i neffici Ylem totmelsdlve@nd t o Iead to conductors spilling out of the slot
towards the inner margin of the 5 stator and these vvouldtendto collide with

t he nearb1¥ rot at abl e magnet ~array, This is the problemt ol ved. Figures
1 to 5 of Figheside pafit oapyw&fggwgﬂﬁwoav §§taf06rhawa% sprs1adly mm DPEASIORY

e R S Wl o A B 1

maklnguptevmn w der

but shal | pywebwsPRGAcH 8 &vay ke tegrtakehgy y witfer Bt shhiovsdrapave delisthe phgphetipof owar ds
the centre of the stator. Thus the conductors can be wound onto the shaped

stat on0 | the statox thany thay fo tovirdnibe sentraef the Hatest dhus e sopdicigss pan Bnweund

onto the shaped stator. In an alternative example, the conductors can be wound onto a
shaped former, then held in the required shape by a resin or the like, and subsequently
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



shaped forner, then held in the required shape by a resin or the |ike, and
subsequently attached to a stator disk. Figure 6 shows such a stator w nding -
prior to attachment to a stator. 15 Fig 1 shows three ways to pack 11
spherical outlines (representing conductors 104) into rectangles which tend
to have sinmilar cross-sectional areas although a nore rel evart AUgEFF enent
Is that the requisite nunber of outlines are at |east contained within a
cross- sectional outline. The rectangle 101 holds 11 outlinesiin a 4 over 3
over 4 type of packing, . 102 holds t he &ame nunber in 5 over 6, and rectangle
103 hol dsingenventeni fio Ppreyieige disknkaving npunted upgrmapes duagnsts it foshereamndt ) wer e
to be enmp e%gl%ﬂ f}alg(gugf ahl'tf?o fla%%{éh&gc&ﬁ%e cc%qﬁéafl gﬂagngt ‘eri%{)es ﬁOAI*S (iO Fb% outlines

of Fig 1l uper npose rs ectrve view o

moul di ng fossibillty): Ql’mlindhwaﬁzﬂ c@ﬁdtﬁ:&ﬁ&ﬁfiel@lfslkoxﬂs?ﬂoﬂiﬁgng adiuddinenvention. Note
that the separator or fin 201 betmeen one wi nding and its nei ghbour is -of

substantial |y constant,  mninal w, dt while a tangential sectjon across

the depr eBi§i owwesavtwna(f@ab%@eaﬁﬁ n Fgg 425@@5&!5@ a%%or &pdding 309 mﬁmm&%a (See

f"hso fsg ﬁd% in eﬁl%&r@{?}% Qsﬂr?abﬁ%ﬁ ﬁéﬁo&e%éeﬁs &9%51 ﬁen”e of
e shape , SO e Cr 0ss- sec |on rea in angen ane to

the axis wivardsttaé ic@tlitrd)BOLI.hEuﬁaﬁsﬁmﬂ (huhe)Cate amuudeddh ublis regamples f@dlaﬂgng:ht-ea iis
substantially simlar. Put in anot her way, the depression 203 within the
stator moRRlelidigk n@t@haa@a spaceadol tig naiévecbﬁemsh@m%mom%ﬂns%@mm pethephery

204 (Th SebRRoSRURS 48 TPThe SETRE by b2l MHONSLABOA3 % igeapuRl ent to

provi de a noun permanent nmaghets in PrHan 2 ally
flat surf@@@mnahhh@ugb a flattened concave coni cal nmagnet surface is of
course a possibility). Each individual conductor closely follows an '
|nag|nary radius line, Fig 3 shows a section (fromline A-Ain Fig 4) through
a statllr Fisd dowg a@@da%%lswmf Agtaier meulding 40 pesnrdiog to theripventiga .ha‘élgg then 203

having a fo ln%pdtnzg d{si(oéﬂ)rl ?n%ﬁxd%?g RIS Xf QE%Mmﬂgécf{h'l&ﬁgSs separators 201 alternating

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



towards the centre 304. Dinensions (in mm are included in this exanple for
an eight- pole disk notor. The space 301 is intended to hold a ferronmagnetic
portion of the mnagnetic circuit. 302 is the surface that in use will be

adj acent to a disk carrying pernmanent nagnets. 10 Fig 4 shows a surface view
of a stator noul ding 400 according to the invention having tRéAugsr28f a

di sk 401, including two of 24 m nimsed-thickness separators 201 alternating
wi th shaped depressions 203 as previous|ly described. Dinensions (in mm are
included in this exanple for a threeﬁﬁ%aseh ei ght-pole disk notor. Fig 5
shows a rmdialic matetialoAlBomtvalydtiepn hermonrmefpllia de.af comstsesiediromfanappbeablest ed

stator 507 .15 .havi 'a, cepgtrallly nore depressed cavity (as descri bed
previ ouslergﬁﬂn%pkg%%%ﬁﬁgwlge)mss 509 beneath the w ndi ngs 503 (four

conduct ors shown here) which, as shown in Fig 2, diverge in the plane of the

di sk sur f Bhestedlwatodl$s sHvevipgy SEhatdyit antics @ Mkt 326(a 196tH péle isBHEVIOherb)2S S
above each other wthin the nore depressed area near the centre which is
above t hewhigh feges thegwindingy aquess @ smplhigep H@F.r Sheadividing strinhere 994, elsavhereni s case

a wat ch- stk R tri f S I d steel that occupies about the sane
annul a? w%c};)ﬁsgtgg cg)ggsttﬁgrtlg’gt&g%eas?raatgrnse@%l%tm Ah be contained between an .inner
ring 506 and an outer ring 505 of any suitable material. In one prototype we

used " TufNoele"thatatht dbtdrBagretio henatd apbesefetablypslapdsi Seayniémrthé@kotor dgedy | Ngs
are optional - in_ sone versions of the notor they assist in holding the
f er r onmagni®¢ icentrgagkthe statars A vpdeh spring coreapp M iR TosasabhEprRd #1 1s be nade

¢ h _ . Al ) . ¢
the back TPBR SUS ARGt re i ndr B i palf B bl ek GaY '0"
made fronptherwisdvhaped Rcodinght.i vely it can be nade from any other 27 August
2003 - 9-

10  If on the other hand it is preferable to provide a concave 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



nmetallic material. Alternatively it can be non-netallic (e.g. constructed
froman applicable engineering plastic such as Rynite). The steel rotor is
shown as 501 and it carries a magnet 502 (a North pole is shown here) which
faces the windings across a small gap 508. The dividing strip (here 504,

el sewhere 5 201) is the closest portion of the stator 507 t@7Ahst28®0r. Note
that the ferromagnetic nmaterial also preferably slopes away fromthe rotor
towards the centre of the stator. A watch spring core, or a wound iron core
can be wound in this shaﬁe or distortéB-afterwards, while bulk materials nay
be pressefirst ougsdireaionand, theny theeatherppo maghetioplly ol hlapfehb’sﬁ'(r@ﬁdﬁ*mshgla}erlalso I'f on
t he ot her han r QVi attened cone shape in

f
the rotor eggeg%r%lﬁ;no er gmg:r Zaﬁié'rﬁt t?hglf Spte?‘fgs \gl?e G‘ﬁ?n \e/%}rgg%rf%ﬁ%cwas%%ot required.

Stator depressions can be omtted if the winding is pre-formed as shown in

Figure 6 AnNBnigh anaélglﬂ miofords dBRrided herecthefnuimbsi af poled RVbet@ednhevosdiaiped
ferromagnetic Iayer 5 (but the divi ders 504 will be absent). Note that the

each groul@rhﬁps@bj@mm@t@hénﬂﬁ | ows a generally 15 trapezoidal path, but it is
the generally radial portions (relative to the centre of the wnding) that

correspol ﬁgwﬂsdﬁﬁ%ﬁéﬁ O%va\ﬁ Sand 2. The pre-formng of the

stator™w S as own Tn f1gure I's a photocopy of an act uali
wi nding) allows multiple windings to overI ap as shown without i nterference

from theTkl iodiled stdtorf hayiiigea Sentridlly dvepshint depgession foamyb by theostiapedibadkaped
former, then held in 20 the required shape by a resin or_the |ike and
s ubs equenitoR inQrderciocagcorsmopae élpﬁawmhrgsa% tﬂlatlvvb(maﬂyrrm@ufaffm@t andrflpe ot he

preferred n‘Ep o4 QEEP%RFJ éhﬁfli&?t&% 'n?ewﬁfac{h% fﬁdﬁs& ) agrﬂ?%élgcit8§ nﬁa%ﬁl'né’s }QP\&&@h n‘(‘ the

formof a (possi €ss such as

" Accucor ef ustdMr M}ﬂ@wsltﬁs elfma{dyaéﬂ aedl thackies Syth d»ynaaﬁﬁg emé lgaps MREHY nes
intended for use at 25 relatively | ow speeds bul k iron would do. Silicon
st eel 1favinpgnetic|cinguihpnd alsoshys regycing "segging” 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.

15



preferable. Wien the rotor noves, the ferromagnetic material in the stator
carries flux in 27 August 2003 -10- first one direction and then the other,
so magnetically soft, |low hysteresis-loss materials are preferable, nore
particularly at higher speeds when the rate of reversal increases. Although
an eight pole notor is described here, the nunber of poles i$7h8gWE8® two and
per haps even nore than 128. 5 COVWERCI AL BENEFI TS OR ADVANTACES The nodi fi ed
stator having a centrally deepening depression fornmed by the shaped back
iron in order to accommodate the mﬁndrﬁbs is relatively easy to manufacture
and does €bAIMSpose any extra difficulty in manufacture or use of

dynanoel ectric machines in which it 1is used. It inproves the efficiency of

such machj ngs h .by. cl0s] : i i i it and al so by
reduci ng t‘c%bat?%té'wlg%lng t@ﬁsé tIa %8%@& %?ag? rcrlklga[ng%gec%r cag%&gﬁé’t(%ren%r{% of where
magnetic fl 'g&d?ﬁﬁﬁﬁanaﬂ\ﬁih@ihg madt @b OF Ri plaliey ofigeférally tripeaaidalshap&l Wi sh to
reiterate that although further variations on the invention as _described
herein may geedistar colsmgeh penductor avinding forming e secterashpped loan capabltever t hel ess

included wthin.th C f..the i I t ; ugust 2003
-11 C!_g\_l VS f.%p ¢ r%‘%ﬁo‘?n %@ﬁda"?nddé %nrd lg%g’l[%%: glgﬁé‘&? g§1getr%113§fa§§}1 rlllgrm%ﬁ%e%(fri ¢ machi ne,
conpri si ng grouge BE Eaddutopd; aviRFeitRtipac: doeasied By Ge cdnBhdtsBlof ity 6ie generaljl y
trapezoi dal shaped conductor coils, each conductor winding form ng a sector

shaped | copgtpd®l e 5 of placement on a stator disc and having a pair of
generally radially disposed

(a) wider (from side to side) and shallower towards the periphery of the stator,

and
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.



groups of conductors; wherein the space occupi ed by the conductors of any one
group is: (a) wider (fromside to side) and shall ower towards the periphery
of the stator, and 10 (b) narrower (from side to side) and deeper towards
the centre of the stator. 2. A discoidal rotary dynanpel ectriic nachi ne,
having at least a rotor disk and a stator disk supporting a23¥agwr200§ ndi ng
as claimed in claiml1. 3. A discoidal rotary dynanoel ectric nmachi ne, as
claimed in claim?2, wherein each group of conductors on the stator |ies over
a ferromagnetic material having a 15-f&gnetic permeability greater than that
of air. 47. A dissuidaldatary dyrmn;oetbytrbcrm&dhiamt, a$ claimeshinrdaima®, weheseingbe i n cl ai m 3,

wh th ti h, f
bt ant | o yioRas Shebs Bk, et SRIoRP ot a9 ot a s on anc
i ncl uding t fae%feés%rﬁ' dapatsl épfe%a@mggerﬂ féf ﬁﬁﬁ%ﬁ@éoﬁmu&@réwh&em scoi dal

rotary dynanoel ectric machine as clained in claim4, whereln the
f err omagnet mchv@&pearssmhlswmemmwwpam}teneoﬁthedrskfromthe peri phery of the
stator towards the center of the stator, so that the ferromagneti c materi al

is maiLnt cent to the w.ndin 6. A disc tary nanoel ectric
machi ne, gs r}\:g’é?‘?’rg rPWyc‘ﬁyé‘lanoglec%ﬁé‘?aé?gWet%é’la‘@gd frba e eﬁ&{ erial is
chosen fromd%&%sﬂ&?fé% dr3oWetds tHeQentYd 619ch9§ha‘plé<?ﬁlsﬁ”' p wound in the florm
of a watch i ng COI errlte I'ron powder, “and bulk iron. 27 August

2003 -12- 7. A discoi daI rot ary dynanoel ectric nachine, as clained in claim
6, wherei % thdiscoidal 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.



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 periphery of the disk. 5 8. A
di scoidal rotary dynanoel ectric nachine, as clained in claimi{Z, wherein each
depression is al so deeper towards the centre of the shaped di*&Rugus 2008

di scoi dal rotary dynanoel ectric machine, as clained in claim2, wherein the
rotor has between two and 128 pernanent magnetic poles. 10. A discoi dal
rotary dynanoel ectric nmachi ne as claimdd-in claim6, wherein the 10 ‘

wat ch- spr AB§TRACT iOF AEEPRCILOMURE, fr ust o- coni cal shape.  ABSTRACT OF THE
DI SCLOSURE (Figure 5) A discoidal brushless DC notor having a stator (507)
carrying @%%gé?ps (503) arranged in slots which radiate out fromthe centre
of the stator to the peri phery. The depth of each slot increases towards the
center of the stator. The slot, therefore, is wder (fromside to sideand
shal | ower Atdiveidis brishlage D heotyr bdvitde staora(507) candng amimsdimgs (G0Bpm si de 't o
side) and deeper towards, the cent he st at or Thi arraﬁégnent ensures

[ f t )
that the W%Pqﬂ&bSlﬁ@e”&‘%?@‘?’f%&“b%%&ﬂ%‘ée@ﬁ dhestaton g thedteriphelyst at or  (507).

The magnety IfC N d ggﬂg I i C teni al (509).
Thi s fgr rei(;llrlfcgél%%tpl 6(? %;‘ag%le§{)§| ﬁ?{fgkg%gatgan et%a c\%g{egggggi%%g&bogggnﬁg’e fromja
| ong st ri theeforsOistwideo(frdmphle to side and shallower towards the periphery of the

stator, and narrower (from side to side) and deeper towards the center of the stator.
This arrangement ensures that the windings are contained below the surface (504)
of the stator (507). The magnetic circuit includes a backing of a ferromagnetic
10 material (509). This ferromagnetic material (509) can be a watch spring core made

from a long strip of soft iron tape.



