A Permanent Magnet Synchronous Mtor Field of the

I nvention This invention relates to a pernanent nmagnet
synchronous notor and refers particularly, though not
exclusively, to a permanent magnet synchronous not or
with an axial magnetic field. Background to the

I nvention Figure 1 shows the structure of a known

per manent magnet synchronous notor with an outer
rotor. This forhPemanentdfagnst PynehronpugMatoed i n hard

di sk drives. It has a permanent magnet 101 on the
'J'ﬂng{ﬁthsﬁ'gf ace 103 of the rotor yoke 102. Figure 2
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fi@t ors as shown in Figures 1 and 2, the
el ectromagnetic field produced by the pernmanent
magnet is distributed in a radial direction in the
Bagkgrpund to thailmventidor such per manent nagnet synchronous
m)tors, besi des the tangential force that forns the

erational torque of the notor, the el ectromagnetic
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and the quality of the conponents wused in the notor.
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the operation of the notor. The air gap of the
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per manent hagnet sync ronous notor Wt
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smal | -formfactor spindle notors the dianmeter of which

lee aus é‘%’ of the p%gmatmrégt nqggln%p synghronous ml?ators as Qmwn in Figures 1 and 2 is a

ring band illustrated in Figure 3. Increasing the length L of the ring band can increase the
effective surface area of the air gap, and this is important in increasing the ability of the motor
to generate torque. For applications such as, for example, spindle motors used in hard disk
drives, the thickness of the hard disk drive is limited so the axial length L of the motor must be
short. Therefore the electromagnetic torque can only be produced in a short air gap as is
shown in Figure 3. As such, a permanent magnet synchronous motor with a radial
electromagnetic field is not suitable for small-form-factor spindie motors the diameter of which

is smali, and the height of which is short.




1 For obtaining a relatively high perfornmance,

per manent magnet synchronous notors use a permanent
magnet with high magnetic energy. For permanent magnet
synchronous notors wth radial air gaps, only

per manent magnets made of materials that have an
honogeneous performance can be used. Only bonded
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(a) a rotor comprising a top yoke and a bottom yoke;

(b) a permanent magnet mounted to at least one of: the top yoke and the bottom
-yoke;

(c) an air gap between the permanent magnet and another of: the top yoke and

the bottom yoke; and
{d) armature windings in the air gap; wherein, in use,

{e) an electromagnetic field in the air gap is distributed axially.




The permanent magnet nmay be nounted to the top yoke or
the bottom yoke. The permanent nagnet may conprise a

top portion nmounted to the top yoke and a bottom

portion nmounted to the bottom yoke, the air gap being
between the top portion and the bottom portion. The

top yoke and the bottom yoke may be joined by a web.
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for a structure selected from inside-surrounded, and
out Staqe Syr {upéflmg;?ers %ach of the plurality of layers comprising a printed circuit
board; ‘

(b) each of the plurality of printed circuit boards comprising a plurality of identical

- cycles of windings; and

(c) each cycle of windings having a single via hole through the printed circuit

board for connecting cycles of windings on different layers.

For both aspects, the single via hole may be at the centre of the cycle of windings. The cycles
of windings may be: multi-phase concentrated, or multi-phase distributed. The armature
winding may be for a structure selected from: inside-surrounded, and outside-surrounded.




Brief Description of the Drawings In order that the
present invention nmay be fully understood and readily

put into practical effect, there shall now be

descri bed by way of non-limtative exanple only

preferred enbodinments of the present invention, the
description being wwth reference to the acconpanying
Brief Desqriptipy of thedwings I n the drawings: Figure 1
illustrates the structure of a known pernmanent magnet
synchronous not or ; igure 2 illustrates the structure
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%?‘@Tpéf'!f'% \stpbyaidransof a per rranent magnet
synchronous notor; Figure 5 is three illustrations of
In& g%w%plarged scale of different arrangenents of the
ot W8ke, pernmanent nmagnet and arnmature windings of -
Flgure 4, Figure 6 illustrates a preferred formof a
F%_@Fé'pﬁn%ﬂgtem RebendrObt 4 HGwR BP! AdhoR ﬂ'%sgr?gt sy c o%% %ﬁor and
; Figure 7 1llTustrates a permanen % r
enbodi nent of Figures 4 and 5 that is forned by
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magneti c sealing sheet; Figure 9 illustrates a one

phase concentrated ar mat ur e wi ndi ng inside structure
Fiagiend ilasttaias the thjaknesgrand tlengthcofribalit gbp &r al kndwingparmarkdt magnet
sidchidsdusat s, @ three phase concentrated armature

wi nding inside structure using a two |ayer printed
circuit board; Figure 11 illustrates a one phase
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#%ﬁﬁn&g¥§; prlnted circuit board; 4 Figure 12
q ustrates’ a one phase concentrated armat ure w ndi ng

outside structure using a two |layer printed circuit
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Figure 6 illustrates a preferred form of a permanent magnet for the embodiment of Figures 4
and 5;

Figure 7 illustrates a permanent magnet for the embodiment of Figures 4 and 5 that is formed

by fan-like sintered segments;
Figure 8 illustrates a magnetic sealing sheet;

Figure 9 illustrates a one phase concentrated armature winding inside structure using a two

layer printed circuit board;

Figure 10 illustrates a three phase concentrated armature winding inside structure using a two

layer printed circuit board;

Figure 11 illustrates a one phase distributed armature winding inside structure using a two

layer printed circuit board;




Figure 14 illustrates a one phase distributed armature

w ndi ng outside structure using a two |ayer printed
circuit board; Figure 15 is a vertical cross-sectiona

vi ew of the assenbled armature w ndings of Figure 9;

and Figure 16 is an expl oded perspective view of the
rotor yoke assenbly of Figure 4. Detailed Description
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an out si de-surroun structure. Both are possible
with this enbodinent. As is shown in Figure 5(a), the
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dl(illustrated by the dotted line) will extend
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As the armature windings 420 are mounted to base 402 and are surrounded on three sides by

the permanent magnets 416, 418 and the web 422, the structure is an inside-surrounded

structure. Similarly, the structure where the armature windings 420 are surrounded from the

outside of the winding is an outside-surrounded structure. Both are possible with this

embodiment.

As is shown in Figure 5(a), the permanent magnets 416, 418, and yoke 410, provide the path
for the electromotive field. The electromagnetic field (iIIustratéd by the dotted line) will extend
~ over the area of overlap of the armature windings 420 with the permanent magnets 416, 418.
The permanent magnets 416, 418 extend generally radially of the shaft 406, as do the




The permanent magnets 416, 418 may extend over all, or
the majority of, the inner surface areas 426, 428 of

the top yoke 416 and bottom yoke 418, respectively.

The structure illustrated allows the pernmanent

magnets 416, 418 to be relatively thin in the axial
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bonded NdFeB, may be used.




produces a stronger axial electromagnetic field. This

is of assistance in increasing the energy density of

the notor, which is of inportance in applications such

as small formfactor hard disk drives. The pernmanent
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erent a ers ere ore,

S‘?fpbé’e%edt"ﬁ@e??ab%*ﬂ%@é via hole 902 is very small. As the
hol es are in the center of the cycles 901, via holes
net i

' ffect th ct
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lajes privtee G'fcmt bogt fl @ pach 81 uTHediry layer $1@riel eyt inlFigreegia) and the
sé&@ﬁcﬂﬁyer M@m‘#;d&?@ 6(9) Ghe Wﬂlng%]fo@érﬁnmm&ﬂreaanﬁ %ormed by three

ce 914 o rinted circuit boards
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arnmature w e vias

AY e BpRRaR & tw r‘?ﬂ"tﬂ'gé’f éfe?ncvt%%a%%rwﬁ Beles B8 49 gt gzt the
eleawpmbgnetic RegleVdehbrafionC ODiFerefhti siRyleBHagd ivitlding RgcIEBRYan Heemade for
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circuit board 910, 912 is an insulating material. By placing the bottom surfaces 916 together
to form a “sandwich” armature winding 420, and with the vias 902 aligned, the armature
windings can be assembled. The vias 902 may be lined with a conductive material and may

be connected using known techniques.




7 Figure 10 is simlar to Figure 9 and shows an

exanpl e of a three-phase w nding. The w ndi ng

structure shows that the three-phase wi nding can al so
use a two-layer printed circuit board 1010 and 1012.

As shown, there are three cycles of three w ndings

1001, all identical. Vias 1002 are as before.

Figves Ex ip pignilan th Eigdiierfeand showsi andixagysle 409 theesrphiee windiag. dtie Wipding
spdtie %ﬁovﬁ‘d thetthé thr&O@iack WRERECLPSYo L& £ AhdMhakr bhhtEy BHSE board
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fidhidstentdl wiagdetivipnids mgy baprotiged My dirhitak mygederpr i nt ed

circuit boards. Figure 11 shows a one-phase

di stri buted wi ndi ng, which can be fornmed by a

Disiicbuied ywdndingsi havecr bigheruwieding, eesffigientl then spedcentrated wiridisgs. Both
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ciccai bbard fvndimgsl anesised)anpt theit gtehse differehde i 020 dSctrlc‘éuaﬁ'gras a three-

pﬁaﬂ@%ﬁ’str%h@ﬁ%vmdfﬂgngé in b d@ﬁﬁ%dq{?ﬁg ppﬁtefj r dbo%)@\?ma&gdhxa he6&hase

rinted circult ase
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witinp penredere hnagiict b@hrofis hdidrBa s sdsls Ghiireved b ckital befbahance.
14 show t he singl e-phase concentrated w ndi ng,
t hr ee- phase concentrated w ndi ng and si ngl e- phase
Figirss r 12 e efdoure nth rshow othe t $irglempitase sointéntretgt! sividing, three-phase
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béizptbe Bigrowupbaf i | e, conpact structure, and high power
density. Therefore, the notor can operate with
relatively | ow acoustic noise and relatively |ow
TRA RRrATSHHh Maghes syith@nedscactpfagfdtave agew Proflsdeasiggh siyoture, and

higo bw d@fﬁsﬂp hﬁtel"&dr@ IthdTRtob 8an 6&% #ith redhivdp fowt d%@lﬁs@c |ﬁ6i§e and
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ed
rer%\ﬁ%e (}( q]ow Vi atlon q’h? bapan?e-m %%9? Rl I cgg}gr ?quf Ftr theD@otor may be

redlm&érstood by those skllled in the t echnol ogy
concer ned that many variations or nodifications in
getalls of i gn or construction may be nade wtho

lbsb thers 'Pﬁf QeleB ﬁpqugedppégeemegpﬁg étﬁfqngtﬁan preferred embodlments of the

present invention, it will be understood by those skilled in the technology concerned that
many variations or modifications in details of design or construction may be made without

departing from the present invention.




8 THE CLAIMS 1. A permanent nagnet synchronous notor
conprising: (a) a rotor conprising a top yoke and a
bott om yoke; yoke; (b) a pernmanent magnet nounted to at
| east one of: the top yoke and the bottom (c)an air
gap between the permanent magnet and the other of: the
top yoke and the bottom yoke; and (d) armature

wi ndings in the air gap; wherein, in use, (e) an
BEC A PFagnetic field in the air gap is distributed
axially. 2. A permanent magnet synchronous notor as
1cIaimed in cgain11, wherein the top yoke and the

bot t ShREIRENLPRSNCLAEIONGYS HOREFPMPESING per manent magnet
synchronous notor as clained in claim2, wherein the
web iS5, at i ; e he top yoke and

t he k@t t or% ’9@&%"?&%'”92@%8?%@% bﬁgﬁrﬁé? eSynchr onous
notor as clainmed in claim2 or claim3, wherein the
per magent apghaient MadiBURdBEtOatlIERt STRBIMRKSp ydil8Rind the bottom
armature wi ndi ngs being surrounded by the péernmnent
yrragnet, the bottom yoke and the web. 5. A pernmanent
magnet as clained in claim?2 or claim3, wherein the

per ngaent gagues bet{;&nqpéjﬁgrﬁgnénprgggﬁbé}%ith% %é(r%K e tg{' foke and

armat ure w ndi'ngs bel ng surrounde er manen
NeROHT Yoten@'d op yoke and the web. 6. A permanent
magnet synchronous notor as claimed in any one of

cl ai 1t erein the permanent magnet conprises
a togﬁporﬁﬁgﬁmﬁﬂﬂhwgﬁmf‘3?%Egtop yoke and a bottom
portion nounted to the bottom yoke, the air gap being
bet wepgrelhh@ ut@p portion and the bottom portion. 9 7.
A permanent magnet synchronous notor as clainmed claim
6, wherein the armature w ndings are surrounded by

t he {€p pen tiectrtomabheic hat inanre FEgdp ioMstamded Kxauypeb. 8. A
per manent magnet synchronous notor as clained in any

one of clains | to 7 :
2. A permanent magnet synchronous motor as claimed in claim 1, wherein the top yoke

and the bottom yoke are joined by a web.

3. A permanent magnet synchronous motor as claimed in claim 2, wherein the web is at
an inner end of each of the top yoke and the bottom yoke.

4, A permanent magnet synchronous motor as claimed in claim 2 or claim 3, wherein
the permanent magnet is mounted to the top yoke, the armature windings being surrounded
by the permanent magnet, the bottom yoke and the web.

5. A permanent magnet as claimed in claim 2 or claim 3, wherein the permanent magnet
is mounted to the bottom yoke, the armature windings being surrounded by the permanent
magnet, the top yoke and the web.

6. A permanent magnet synchronous motor as claimed in any one of claims 1 to 3,
wherein the permanent magnet comprises a top portion mounted to the top yoke and a
bottom portion mounted to the bottom yoke, the air gap being between the top portion and the
bottom portion. ' |




further conprising at |east one sealing sheet between

t he permanent nagnet and a shell of the rotor. 9. A

per manent magnet synchronous notor as clained in claim

8, wherein the sealing sheet is forned as at | east

one pair of |ayers, a first layer of the pair of

| ayers having a hig relative perneability, and a
TSecorﬂzlp?fﬁ'ﬁ RNt gRgReh éyr‘ﬁbl‘orwt@fmtptary@r@a"had/plﬁgl @ Whewin the armature
wirkdirtfs labtsurrB@IIB® BPthé topYportid R -the A6 BB End TRONES.
synchronous notor as clained in any one of claims | to

9, wherein the permanent magnet is nmade of a nmateri al
Sel edt petmnantntageet giynampnoan siokt ias Gladied in opBEEBE OIS 1 to 7

fﬂk?&dn?dr:srné‘gfjieéé? %9&%@%%& &l t% Fer*%ﬂenﬁmggﬁeg?ﬁluegghell of

gnet synchronous notor as alne n any on
%5 1 to 10, wherein the per manent magnet is
forned froma plurality of fan-1like segnents 12. A

oot e e SRERCANR R T A LBTE b g
sheed isfpireded ot lsast opepair offlayere affiet texereai thenagroé tayers having a high

réIME NgepmieubSity, T8AE Of sedodd 18ydP 8RB EgHir &HW&& h%y.ﬂghsr QRO Hsfative
nntogl@s claimed in any one of clains 2,

PRAEFR™ t he arnmature wi ndi ngs conpri se: (a) board, a
plurality layers, each of the plurality of layers

1@0”DYA' @nﬂ At Rk %g-lcﬁllo SIS hothPds 99191'301% F\ gneo{;fuc[l%étlyto 9,

rlnte circuit oar S conprising a F
Whﬁ'@iﬁ‘tth% BgrMapsyE Maaneh s MAGedRT Rgaaterigh geleciad @&twe @Wp Sopgisting of:
hvhogbnags nistarial) gndiniinibgeieods mafendie t hrough the printed

circuit board for connecting cycles of w ndings on
the plurality of l|ayers. 14. A permanent magnet
18y nc Arreroansnihmaanet siclybedusretbtérrescdlaimed ih3ny whe ot tlaimsHeto 10,

wHérémh‘iQel RrmérenfthadnBEs fofhdd ForPh pfhﬁxﬁty o¥iah-fkePeghibmidi Ngs.

A pernmanent nmagnet synchrohous notor as clai nmed
|n cIa|n113 or claim 14, wherein the cycles of
12 ndAngemanest majret syachrbicamnidie @romped:mrmwaé Bfclgifns 1 to 11,

i L L TR ST

ma¥rcl aimed in any one of clainms 13 to 15,

13. A permanent magnet synchronous motor as claimed in any one of claims 1 to 12,

wherein the armature windings comprise:

(a) a plurality layers, each of the plurality of layers comprising a printed circuit

board;

(b) each of the plurality of printed circuit boards comprising a plurality of identical

cycles of windings; and

{c) each cycle of windings having a single via hole through the printed circuit

board for connecting cycles of windings on the plurality of layers.

14. A permanent magnet synchronous motor as claimed in claim 13, wherein the via hole

is at the centre of the cycle of windings.
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wherein the armature winding is for a structure

sel ected fromthe group consisting of: inside-
surrounded, and outside-surrounded. 17. A pernanent
magnet synchronous notor as clained in any one of

claims 1 to 16, wherein the permanent magnet extends
radially of the permanent magnet synchronous notor.

fg. A pEnaRsIEMegnehgetrorpyp Gletop avtlsime inotaimd 3or elaimed, wierein

tﬁmyycléﬁ of G&fndiﬁbsﬁlér@t‘seﬂectb@ frérhthe WOES @dn&sﬁr@%f%mﬁbhﬁsﬁ concentrated,
adlally of the permanent magnet

s
%@Hwi' ﬁ%?%ﬁ armature wi nding for a
pernanent nagnet synchronous notor, the armature

16 nd'ﬁl"&nﬁ@ﬁ@ﬂf hlﬁéd%g syn%ﬁ%n&{g%d#or R o‘.lajmllgq"’\h ahy oﬁ@gfecr a?ms 13 to 15,

\@% plural it ayers conp
EBEUF% arm}m%ywﬁ'n%fs Ph%S‘fHC[h‘fea?q'ficiﬁdéPmdF? artowaccmsssm th inside-
sboandsd, eahqutdids-sugroandpb.ur al ity of identical cycles of
“wi ndi ngs; and (c) each cycle of w ndings having a

single via hole through the printed circuit board for
1€onnécrarmgnesy Brenst syncionelisrgioross didiwed Inuanall dne yof ofaims 1 to 16,

whaiRr e péEman®it Magm WxRndd RAliY oft $heC hatBRsht 'nﬁhgﬁétaéﬂbhronous
1%5 wherein the via hole is at the centre of th

cy {e of wi ndi ngs. 21. An armature w ndi ng as clalned
in claim19 or claim20, wherein the cycl es of

134 ndk\%ﬁnﬁ{eﬁt l%%nee%ﬁghrfo d&@ &rc?éﬁpeocﬁ%gsbwe 9 oBifvs 1 to 17,

mul t1 - phase concentrate
whpren theAimatyre ‘mdmel&ﬁxtﬁwﬁtﬂ@vs@f mem&rmﬁ@nta@ageﬁtawqunﬁusawor
one of clains 19 to 21, wherein the armature MAndlng
s f tructure sel ected fromt r ou tin
157, | P B ELTHE MG SR e Pl Pilncets: T Hhaure

wmdmg comprising:

(a) a plurality layers, each of the plurality of layers comprising a printed circuit
board;

(b) each of the plurality of printed circuit boards comprising a plurality of identical

cycles of windings; and

{c) each cycle of windings having a single via hole through the printed circuit

board for connecting cycles of windings on the plurality of layers.

20. An armature winding as claimed in claim 19, wherein the via hole is at the centre of

the cycle of windings.

21. An armature winding as claimed in claim 19 or claim 20, wherein the cycles of
windings are selected from the group consisting of. muiti-phase concentrated, and multj--
'phase distributed.

22. An armature windings as claims in any one of claims 19 to 21, wherein the armature

winding is for a structure selected from the group consisting of: inside-surrounded, and

outside-surrounded.
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