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| e mv~ The present invention relates to a nmoving magnet flFra 2002
met ~od of QRreJeAbIRg a noving nagnet notor. The present i nveyy @Rodtisis
parti cul ar appllcablllty to a | ow spee® noving magnet notor, {or exanpl e a

servowiter cos' _t_one= notor. ~n a sforag= ned_umin. whit' .«edata is read
fromand/or ,J A .. .n ~c a mdiu~~

~chis mvab_ .. - ,r~~ " th ~

by a read/wi~a head wh' o r=_ 1w ~WOTQR t he storace nedlﬂmmwmﬂ of the
read/ wite heap ~s usually controlled by a Se' 'v0 syste M@umﬂmm
Sys~~.-.: ,uses servo infc=nmatior. whic:. is prerecorded en try ., re h; ~Y
(i~ ~f or mat ~0: mgngd e slletrtyehciod AMares adl NI dovirk Smagh¥es mocoACt — a=
pos ticn c=the read/wite '.~. ead relative to tre storace nmeci um can be
decer m-reetd &g ~mbu;*mrd tcmiov.ssi:ganadlrsg Fmoting .maane® Motoxr. r: Bakl
a~C.~..~.~d|neg ) -Ne~d : sk a= SChﬂle, tile s~O-aC~ nediumi S a

= ,a@1§’-"55‘—"nt “c‘rem}%ﬂ haﬁ@%%G@e@?v&P@b%&d%ﬁYr%d@ )
X "'éo "ﬁgb N 'Jer thgﬁ%% S T;Cb bV ''u-1'1 a=m
W' 11C ~SPFE3 ¢ T%E%Wﬁ~é§°§%%r"—?ﬁ TP%IAa"S%% WO fTer i s used to

wi to tm$§_§§5ﬂg&|ﬁg@ggail cn ~s ~et :e dis:,. The servowiter has ..s
own dedicated clock head. The servowiter clock read is offered up to the
d:sk and used =irstl~~to wite a (usua_iy tenporary) clock track on ~~e

d~s:: to crovide a series 0. ¢~ ock tr3T.1S1t7.01'ls ir~d~~ati:.c angul ~
posi tion arourd #:8:@rgge mec'unel@ewmh@é'::ha% tepdsEEPBnandaem wh: . ch
1s linnked_to_the_product az é(nnvenen f tl| 205|t|oner arm

caused *CHOOTSR TV BOTEITOE 5% ‘?Jc‘r’%% w5663 C/BBER0131BOYSb 5
correspopdh Bg: JRVERER} 0 FI% Sﬁ@rﬂgﬁﬁﬁmargF¥QEMQHEQ£ Qﬁe readfwegryowiter

positioner armis contro vVery precis y an angular detecfion system

ir. the meedowsi tenallbhecangubaledebechi garveysyetenmy bDReaskaser
reflecting Iight

systen usss servo information which is prerecorded cn ths

\

stcrzge medium. Ry reading this servo informat:ion, the

15 accual position ¢f the read/write head

3

-

=

or

ative to the
storage medium can be determinecd and contrcl signals sent

to meve the nead accordingly.

A servowriter is used to writs the servo informaticn

[ )

w

ZC tne c¢isk. Ths servowriter has its own dedicated clock
head. Ths servowriter clock head is oifered up to the disk
and used Iirstly to write a (usually temporary) clock track

on the disxz to rrovide a series of clock transition

0O

indicatin

'1
m

angulaxr position around the disk. The
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servowriter has a positioner arm wnich 1s linked to the

product arm such that movement of the positioner arm causes
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rpma very fine graticule on the positioner armfor exanple. After the
clock track has been witten, the clock trans, _ticns are readéG/@ﬂxiﬁezooz

Ser vow i tyeh ofid9sK head so that the angul ar posit' _on of t ber/dis 4; R ative
to the servcwiter is accurately known at all times. The ~0 poS=toner arm
is noved to presel ected angul ar posutrons b~. a pcs =tior_er notc= of t he
servowiter. The groduct arm - i ov_..

Wit : 2heCREeSponding-mgvepens Og FH@ BrBﬁPcEtaF@ad/MovemePG ﬁgat .s used
towite sgfvéﬁLyeeLr88§§taEnEQ Eﬁqykrggnero§§@d—@er§egr@@9§E§r posi ti ons
or. thé %rsk m ~t ~s =npertant that t-~e Servo tracks'b& witted as cv~ c
|y as pos&:z bén@usgvaanteca@bbewsf:astt ef thécygrvawtrlcertheThear c:_s'.a
cvrir.g :~~anufacture, especially as se=""dvlvW==;.~~ 1s ~~. ~iCal 1" _J
CarrleQHSE“arlﬁeéeéFléa sysgemninay. ph~a kasersggééecttng RilEEE and

: gengi ve. =t N erefore hgrchtﬁnt cr .~ servomwrtg— to achi eve quic:

track segk alvgryf ipe. gEg&+Culs 88 the RRS4TABPREATTY 49%s on the storage
Tedl MR 07 KRt LRACKIBEM (oLl nEs LREANGRYCEIAL drgoun ol ! oot

cui c' s=t =or. e desire nvent i ona_

pr acti @Qahastb@ﬁﬁ ta@arreeaanmcatﬂ Y.h'el @lévbbavseé\rewr.tbt:&r heesi tsconer armwith
the product armso that :,vove:~ent cf the posit_oner arntautonatrcally
bri ngs-abo~:he aﬁeeﬁﬁ*sp@ﬁeun@ﬁnaﬁemeﬂtdeﬁktheLpﬁeN@chaﬂﬁﬁ However) tr.

30 nechanrcal .| ~nka~e bet ween th§¥Posrt|o ar.m and e tirod~.:ct arm

i ncr eaS&S VTHE EFFedfi (&Gl SPOMRe 35 aiéztéEFéber 3502 WO 991 57796
PCT{ GBAY:013183 SeMVAW L &fe Y Q080 JMIGh CRLEG $ Jmvweniid »f the
pos~Li dner "arm Noreover, the p05|t|oner armis usuaIIy connected only to

t he | O%@mstlbhéduﬁbt@rﬂndﬁ “hes telo iy iBegductThay mrodlive product arns
above the lowernost armare _ effectively a resonant body which, because
t hey ar@veschasicaey dosikddner tdwr posi tihenerosiugt c,r@rﬁ /e@@-fteb unexpect ed
and ur desi zed resonances._ Such resor:ances are C:i ==C tJ p reC.y0O-
R ﬁCeE HSEfe Sarfp (G VRSOt ae Reom S rET “’eaa_ L tinte
nechanr sehizik 3 f. t4ige - © servowite= oositioner
arm and the prodﬁlc%%m\@%S&l&r%ﬁr{;% yr |n ‘a servowiter, the
resonances tend to be lower ~n freG@Jenctr than they would be in an
operational disc dr ive . This rea~aces the bandw =dth cf the serve which o
nr.~ t a =t 1sagpersant rthay ghaisSarve- tdtﬁrmss e zwrplbnsm &%n cy th.
n_~du~t_a ntdarl é%ﬂs servotar_t~ng, .rasul r 90N wor seni ng of the
seek/ seitie i e sa'n“'r%c?c 23S O AghEYS a‘tﬁs"tv tT arcq’(h% Rt Fa. ne
krc: ~rnyav. of; osresccmpne. t h.L§,.l,p.E££)t[ e | segpegréwp,tgg prCCu ~ ~~-~vVv-~.a
_ts o0~,~~n c.,=~ve nechani sth'during fhe ‘se _ g p~ccess ~...~
d-scor neartdyz: M g hos —ygBcal] /nca..ﬁﬁlEEt,.hﬁl"rllﬁ 3.cléan’ reopreoeszst a=: ~
and the pesi t~. orer arm '=' he rel a.".;'".le anIC} Cet 4l eE' =. the
proadct Seads arfl 1311 IOSkAE Cexpenaive a: It isctheyeiorecimppecgetec~ed br a
r.~~ll sensor_the output of w ~ used t¢ centrgl the cr=ve curreAt provi ded
to the Produci=afmo=nta hBchaltAsvVendyiar - 5epharsE®sétvb s0%85 to move the

product naram.dn. tandem — gth_thseﬂ%tgt.@.@ oo At ML UL bRgagehyanaring. T -e
use of this ruli sensor an separate servo novi ng t%e product arm al so
i nprovesnd heuoosi traskr saetye handw ghb asddt broelar eonbecseekssettl e tine
cf ti:e posr—lcne— . 30 1 WD 99/57796 22 Cctober 2002 PCT/ G B99/01318 a
At | @a5ET5ONENERi bR APE5ePVORNRreEhpoSEELiBRAGr HBELYS for roving the
posrtroner arm have been of the anrng coil type. As such, =yexible supply
cabl’és have to be cor_nected to t' ' ~.e noving cc_|s of t he posi ti oner
motor . Thesecsnfbaxibhe: caihes 350 hiasUBean uBdRstrablesbigs 1ua,d he posy
~ioner armw A, ~ ch t:-7eréfore affects novsnent f'he pOsr~|one— arm
the servowriter positioner arm with the product arm so that

movement ©f the posit:oner arm automatically brings about &
cerresponding movement cof the product arm. However, this
30 mechanical linkage between the positicner arm and the

product arm increases the effective inertia of the



J~-A-: 7759~~~ d~sc_oses a norina magne= ~;~otor ;cr nov-~::
c.'a hard disk drive. As t' ' ".e p?oduct armxust ~. ove ver F?C(f#(g%zr ?OH}
bet ween t r aWKXx95A7%r der to proTr de asc d~s:~: access tines,pciiesamping of
each of the exanples descr=b=d in =he patent spec~f _ca=ion nust be a hig
speed nmotcr . T_n ore part=cu' ~ar exarj3:c 1 a descr i bed =n is the r ten=

= t~. h t ~~"
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‘pat eni . 3:cﬁCé¢tCedI(o:thlyL*oZt:bn—Wowé‘rmgagnﬁro@et@lrm of a.staok; ofl ber 18
stat~On ar_.' _Ela~~Vc tO t: .2 ;i.CV."r:"Q .~ "' ag ‘ler ; _ciotitllt,
SeCO W &Xepdyt ERERE- C The: Dm‘é“‘?‘h?@(&ﬁ iﬁovﬁr‘f—he -\ U‘"OW- arrm are| -g
‘T1C~ SpeG dCally 52 Ol ...01 Gl d =De h L? ~ reLltin
part: rﬁfl “¥u éT IgﬁoﬂgPed és-/ @?‘ &1 gé%gug‘ed c%':«:- ~rrents WI’I ch
weui d be ra_e]é%_é:@ﬂy llnkeé:aHSEthecpésitléﬁek Ligh &@ede@ £8 1 a.".lVe
ncvenen t between the nma~e~ and the nagnetic return pat h nenber WO . C.
1.7 .rl ~IID.ir~éxfBé‘c‘s/éh ~and undsBered pésdhenbesductuannrsschatbas she pr odact
ar:~ cc;:_~ nct be noved satisfactcr~ly. 3u Acccrd~ng tt a f~.rsc aspect of

the arese®tLipveht| oA, :Jl’-’ﬁem:Fs‘ﬁF@V@G@?;Caul”évv‘féﬁ‘éédOFmWPH@mﬁﬁgn@F not or,

t he 5 22 October 2002 nmotor copp r|S|ng ?v pu myving nagnets
symmet ri cal f y= P spdeRaabott S3%pryot Makt ?n hélﬁﬁtﬁr“wéa@ﬁ of°&ai d novi ng
magnets befngnar Eapged 0 -pr g¥ide:igncadhaly aranehkCpobhbal.dr apmgven nunmber
of stationary coils s synnetrlcally di sposed about Said pivot axis for
carryi ng dorel enporcaaulreit andedivopesedri nthel atsonahoesheendving nmagnets
such that a magnetic field generated when a current flows through the coils
causes t hBenpoVay hﬁgnéﬁ§uﬁ@vﬁnvé;ﬂeFé?Vv@OPeutHé éBi P& apsuetigaralpi vot
axis; and.a_magnetic |% return path lation to, the coils

to provi detE5r B ar'fi - pathtifor S5-M&g EF’E 1ain€‘de Engraf'ga 55 =t'Re "84 Ps and
the novingsnpgaet $o Ela%trw@netﬁcoeetu iBpPREh t@ren%euqtaelcnar&r 86 r9hg

i nsul ati ng | am nati ons a novi ng magnet notor having a fi Xed
magnetizc setubRrpathgrerkenul vveiRnk dbriskeimgnét chel skiekd skaclike
magnetic return path member generates |arge eddy currents in the magnetic
return patRT#eABEr 2THENE 3m<ge redly @t}‘rachntt@ -BrEFdEPachrEs WWNéh tends to
act agai nst _novenent zo of the novin net. Accordingly, Lt is normal

practice (" mVi'ng nigitet™ ot Gr Ll&%I &Tracd e “Fagieticc P8t urn pat h
menber w th layers.of nop-.conduct ive Jmterdal, idy, ordsnd ¢ f.educe the

magni t ude” of the eddy currents. Havi ng a | am nated nmagnetic return path
nmenber i neeitablry timy easese 25 Ak diedomfedthe tmerchas: iz athdleviaage can in
fact be a significant part of the total cost of the noving magnet notor. In
accor danc EARHIE Y e BREtcofa Tha st edentPIThErfvh 2 hher €¥%he novi ng
magnet not gr, J_sﬁva | ow s C;;)eed not or, r~'t has. been found that the eddy purrents
produced 36 & 'St "Sich 2 ToW HEyii tude THat 1157 & Hot e &SSEary ©

l'am nate the, rmsgnesa @i 83 pat hy embers Mdd i el Atd rsamm.a&.n_ lSuch a
notor has particular application as a 22 Cctober 2002 6 servowriter

posi ti onen:sant aro farnmoyl ngha Seiwoveutesnt postidenero arlme ghwsict his
aspect of the present invention provides a noving magnet notor, thereby
avoi di ng t3HE" fEed’ T JReFaRi Bl eV bt eSRAMARES | D YD ShadS ol PR hehi se be

s noving coils of the notor, .whil st k down_the_ ¢ he not or by
havi ng™an Xmi A hat sd hﬁgh%??c r8 W n erbg g?‘r’éhb%?erﬁrrgn%ﬁ%et$c return path
menber is gu8forBb! ynpurerhe ABINSEI CRLEYngPitséh®Fr and separate

servo for moving the rroduct arm also improves the

posicioner serve bandwidth and therefore the seek/settle

time cof the posizicner.



The noving nagnets are preferably carried by a rotor which i unted far
pi vot abl e novenent about said pivot axis of the notor. The r%?”B'y%mr 26%2
preferably ¥hWWH7%and is arranged to pivot about its centrdHCT/GRayusidi nal
axis. Such a rotor can have a high nonent of inertia, the advantages of

whi ch are discussed further bel ow espeéially in relation to a servowiter.
.The rotor may he sLai0| 86fe SHLELr U r PU S FRHNSLd £y 80bhet @8 ok QT ,
exanple. 20 According to a second aspect of the present invention, there is
provi ded forowongnaaghet cowiviondéhearmtiodve amgsn sohgtha hoghngnentila rot or
.,movabl e about a |ongitudinal axis of the notor; an even nunber of noving 2s
magnets ceaYBEed b shehr of bexidke npNpPENt Cihzewid e EPebADYPRBEREGAEL S

bei ng synnetrLcallﬁgdis osed gbou% t he loqgitudinglraxi§ of the notor, each
of said nb?% hg®nBghets gerha A r RGP T b hYvE dB° 50T adi Ai<REgnetic fiel d:
an even nambet,ol shafbonacyyeel! an SYRFELILLRIL Vo dhsposetrgbout the 30

| ongi tudi nal axis of the hotor for carrying an electric current and

di sposed postebahtdnatm wWhechovhege fogaeckSLsded wbatmanvnghethe field
generated when a current flows 22 Gctober 2002 through the coils causes

t he novi ngeARGARES™t 8P vot about ' said axis; and a magnetic return path
menber fixed in relation to the coils to provide a return path for a
magnetic field generated by the coils and the noving 5 nagnets. The

provi sion of ajhighihReEtiagr ot oLshas, nyORT QUSnadvant ages, especi ally when
the notor is used to nove a servowiter positiongr arm In particular, a

hi gh inermba&.tg BObebdLs:r eshstank harahackkferces. or akuchul pareduarti si ng

t hrough buffeting caused by air flow as the servowiter head noves over the
st or age madrumisSthepyly veswoglagkoy hetweastcradkei Ag omdesotrce of
vibration_of the servowiter head. 15 Furthernore, bearings for the noving
parts of PREVRGEOr28Fe SR pPAEEFEe a%ral| § Br BPbRded t 52FEk8TuF ey play in
t he beari o~1Ris spreload scauses .a i.n Letlon; il g.bearinngs which
act s agai%%%n%ﬁ% direction i A whi ch® g£b§|??%8*?aké§lgﬁag@? V&%nehhanging
di recti onhilghe sbele@t @t chor cenchasges rdi:cechi-oBxhrtith@eghanged s mot

i nstant aneous and in fact has a defined slope which manifests itself as a
sti f f n&ss.thien tettleart woeds.  jicks Loear ithgs magpesr ct gchave patdr sicorwrs s
stiffness. This torsional stiffness conbines 25 with the inertia of the
notor to MESAT i a rEs Srant St reGaenc P of 6 ROFEMERT 6 hé ot or which is
proportio d.a . the €. ragt _af..t.he,hear] sti hness and ji.nuersely
proportio%gkkfﬁ"fﬁe égﬂg$§“f%3t*grtfﬁgmgﬁtgfg% é%trég“Tﬁﬁgf 5'h¥§ﬁ§inertia
for the miayetedices f:he frequercyrofz 8o I srcow-krequens gedonance. |In
servo control, it is inmportant to keep this |low frequency resonant pole
wel | bel 03 he -¢gE¢6 Ybandwi-deh -ica »6r der tdsi pprteove $hecrrLicaticn, oae

27 wagnstic rsturn tath member is stationary rslative to the
MOVing magnert; .o thls second example and the nhypothectical
pricr art, whilst 2t =s no:t speciiically shown ncr

descriped, the magnetic return path memper must be

[0 ]
(91}

procduced cecause of the high speed of relative movement

between the magne: and the magnetic return path member

[ i)

would irnibit movemen: of the product arm such that the

product arm coculd net be moved satisfactor:ily.

30 Accerding <z a first aspect of the present invention,

thers is providsi a low speed moving magnet motor, the



8 22 Cctober 2002 predictability of the servo during seek ang%Qngbqagoaf
achieved nore easily with a high inertia notor. If a lowineftia notor were
used, either a much smaller bearing with a |lower stiffness or an expensive
air bearing having very s low stiffness would have to be used, either of

whi ch nakes the notor nore expensive angl difficult to manufacture. A high
Inertia notor is particularly inportant in a servowiter where there i s no
‘mechani cal |ink between the to positioner armand the product arm during

the servowdtidm@dupGesing :Thexdragnat irtu@itiIdE pedvideemikeindtss pref erabl y
.pure magnetically soft iron. is The rotor may be stainless steel or pure
magnet i calSypmesmiGaldy, GigipasethpRoutrife RIGIQGY 3%iHref drdINoEhul ar in

Cross-sectj t ' | S [ | y nmount ed
on s st at 0k Pt iaa S et Sdind MBI S0 BROPLAE Y onary

spi ndl e. THeeliledamaymemmic ifidldle af dvwastnimsebhadl @sathieatang.cdilsach
aspect of the invention, the noving magnets are preferably nounted so as to

pi vot a‘boﬁ%%ﬂ@%rﬁjﬁmﬁ@erﬁbqq%v@jﬁr@u tHEL T oF T aFRFE¥EPFragnet i ¢
Const ant  Separatan bt vaan Tt Re byt e Mt R N MBS Yt
menber as ntagmeats/isurhdagret pimadeeti @2 Etdbpndii2ed when a current
flows through the coils causes the moving magnets to move
relative to the coils about said pivot axis; and a magnetic
10 return path member fixed in relation to the coils to
provide a return path for a magnetic field generated by the
coils and the moving magnets; the magnetic return path

member being free of insulating laminations.

15 With a moving magnet motor having a fixed magnetic
return path member, movement of the magnet relative to the
magnetic return path member generates large eddy currents
in the magnetic return path member. These large eddy
currents provide a bias which tends to act against movement

20 of the moving magnet. Accordingly, it is normal practice
in a moving magnet motor to laminate the magnetic return
path member with layers of non-conductive material in order
to reduce the magnitude of the eddy currents. Having a
laminated magnetic return path member inevitably increases

25 the cost of the motor as a whole and can in fact be a
significant part of the total cost of the moving magnet
motor. In accordance with this aspect of the present
invention, where the moving magnet motor is a low speed
motor, it has been found that the eddy currents produced

30 are of such a low magnitude that it is not necessary to
laminate the magnetic return path member with insulating

material. Such a motor has particular application as a



9 about said axis. The magnetic return path nember is prefergply, ubaio
Atcording to another aspect of the present invention, s there i's provided a
positioner notor for drivingly noving a positioner armof a servowiter,
the notor being as described above. According to anot her aspect of the
present invention, io there is provideg a servowiter for witing servo
information to a storage nediumwhich in use is read by a read/ wite head
“mounted on a product arm of the storage nmedium the servowiter conprising:
a positioservewriter positionengmover Fogamdviher ageemwdivtirard causing a
_i15 correspondi ng novenent of a product armof the storage nedium and a
mot or as HeStFiBREraPEPe, WAREh FBidr RPRBFE PS RBPePrRECHEr dBNENtdEN
position 3 | at Lues o] medi 0 i ts are
R i i Ao A TS
novenent &bouflexbbaei ngbpesicbnaredivint hbnwhhe koluldwotaetrivd sef biehe rotor,
the positioner arm, eingdggnnected to tggt. tor ,for movenent therewth.

[

Becausé tH8VIB¥oFChas g Rel@FOfni ¥hi SPRLRE; (e} E&egEOEEoRpar ed t o
the narrophauiBlbrSBE hivehgt ¥R! Gah aRi hak @ Fnagﬁteq% FRERED) palhe torsional
stiffness of the rotor is rglatlvely high. Thi§ results in a“high resonant
frequencymamdetrhus i nproved servo bandw dt h, thereby reducing the
seek/settle tine of the 30 positioner arnf product arm conbi nati on and
allowing the track-to-track spacing to be decreased. 10 22 Cct ober 2002
The servow it efhEBMabRekYde FERARS b@&h”%@%@@&céh|%r%&@%bBQyIE%;%PS't'Oner
armto a product armof a storage medium However, the servowiter

pr ef ertabl pagnetidaslwesnstli dromovi ng a product arm of a storage nedium by a
non 5 contact nmethod. According to a further aspect of the present
invention, there is provided a nethod of operating a noving nmagnet notor
whi ch conpri sesha moving magnetscare pielferably cakreiedhibgha soreunt ed for
movenent about a |ongitudinal axis of the notor, a stationary coil for
carryi ng HR1EPedfr MEURLLLACT RAYCARDIS BPVEECEE RRGHEt iSeifePdivietpat h

menber fi I Qel ti ot CQiAl- L0 sRr Qi F r a

magneti c ??gfdaéeﬁégabggogy tEgecgkfogh&%tEé%%grﬁg&gaéﬁﬁgg%g?égt e net hod

conpr iwsi ngrrpngetddingparroel abouitc iter remt rtad tloagdeldina lt hatist.he rotor and
| ess than abqut 0.5 radi ans per

t he magnet ngve with an an%$%gr sggg of
second abSHfs&i §OERKs C3% BRYE Fot'ds Mg toRdr 4P8dtdG t A& the rotor and
the magnehara%e aWekh o2 ANGHW AlreSRERG M Al ter oA RRAYN 19, 1

radi ans per secoind about said axis. According to a yet further aspéct of
the presean Zslahient tona tseevewrs tgmovi dég & oeirhodyotbeo serdnleg sa
servommite& tg wite servao information to.a sto;a e nediymwhich in use is
read by a>FESY GFi P& Re IF IRGE n S5 ddFét &Fh SR e'S'torage medi um
the sejgvowiter conprising: a positioner armfor positioning over the 30
storage nedi um and causi ng a correspondi ng novenent of the product arm of
the storage nedicgerding &onst @emfﬁmmqth@fpdéiet iPaeSEendr rhnventdmrect ed

for nDVith%@% H%SbEEQQ%Edagﬂmoving magnet motor, the motor

comprising: a high inertia rotor movable about a
longitudinal axis of the motor; an even number of moving

25 magnets carried by the rotor for movement therewith, the
moving magnets being symmetrically disposed about the
longitudinal axis of the motor, each of said moving magnets
being arranged to provide a radial magnetic field; an even
number of stationary coils symmetrically disposed about the

30 longitudinal axis of the motor for carrying an electric
current and disposed in relation to the moving magnets such

that a magnetic field generated when a current flows



22 Cctober 2002 11 and which conprises a noving nagnet carrief ’%cﬁ)e‘}'oéd:brz
whi ch i's mounted for novenent about a |ongitudinal axis of the

stationary coil for carrying an electric current; and an unl am nated
magnetic return path nenber 5 fixed in relation to the coil to provide a
return path for a magnetic field generated by the coil and the noving
magnet; the nethod conprising: providing an electric current to the coil so
“that the positioner armnoves with an angul ar speed of |ess than about 0.5
radi ans pehrsegbntdheocehdst caaisésaxhe. mbvé ngotmagnery e ghercat exbarnx t hat
.the positioner arm 15 5gves wi th an an ul ar sgged ual_to or, less than

about 0.15P48i &K$SpePSe@oMRIREGIC TEEYTEX PR Yorf &%t er abl y

hol I ow angeﬂyeag;ﬁdtaor;h%oc@sq»i%n%t 2Roulgea b%rtu}.gl Qi ifyied within the
hol | ow centre of the rotor, the pogltloner arm bei ng connected to the rotor
for noveneagnehérefiiehd @emerated by whet coidfsemmndd téyebactivient , t he present
i nvention _provides a novi ng nmagnet notor which has an unl am nated nagnetic
returnspaf“ﬁg er, thereby keeping down the cost of the notor. The
preferred enbodi nent of 25 the notor has a high inertia rotor which | oners
the frequency of the I ow frequency pole of the bearing in which WO

99/ 57796 12 th@hﬁoP§PV1§lm§lu ofed &Jﬁlg(l,‘lh 1m@pxrt@\ae§qt|¢<; é@ta P st ober 2002
PCT/ G B99/ ra h rtia. rotor also
reduces V|§ #géégg C§% aﬁﬁ%h%ﬁeéiﬁ %%tﬁﬁ:i t OI%%tor is used tc
drive a sgé\rewwmeérn@@stlltqr@elrerararmf or Th @amlcmadrr} Q ¥H.gH/OWdAters the
servowriter positior~er armcar ~e connected to the rotor with the rotor
havi ng%a KP§RTt 6sresigtag o skosk ﬁ@éﬂ@@yqﬁnﬁqﬁhqk$QQQa%ﬁﬂ&kﬁg
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~ar t 'head meNeB~omEt the<sddnagdwmqmmmm(jdHathymremquﬂngtdrwmat

wcu_~. other~~rise be nc~- coils, thereb elimnating the bias type ca'
iy, asso&ea%dreﬂﬁcwm Uir&?é’f MIBGAF 1P akihes RO §yi r g
coif ~ c=pgzge prior art notors. '="hus, the hyst__~s~s p_ob=e:ra w. _~c.
A '~ can arise because ef the use o= "Il ex _ble cables -: such prior art

not or sLsa- a avoi ded.

Furthermore, bearings for the moving parts of the
motor are in practice axially preloaded to take up any play
in the bearings. This preload causes a rolling friction in
the bearings which acts against the direction in which

20 rolling takes place. When changing direction, the friction
force changes direction but the change is not instantaneous
and in fact has a defined slope which manifests itself as a
stiffness. In other words, the bearings appear to have a
torsional stiffness. This torsional stiffness combines

25 with the inertia of the motor to result in a resonant
frequency for movement of the motor which is proportiocnal
to the square root of the bearing stiffness and inversely
proportional to the square root of the motor inertia.

Thus, a high inertia for the motor reduces the frequency of

30 this low frequency resonance. In servo control, it is
important to keep this low fregquency resonant pole well

below the servo bandwidth in order to improve the



~wh>st the ~-.”~tor as described above has part~.cul a= ~p 1.
L, 3rfi04:y:. L~ f0. nBZ :lg a 'ACS=tlOr:er a-m bag%%:—tober%&%:l
=re mMOLO= Cdn C|:Sed ' _:'. anii D=~ ~C%': tvrie== i 1~ . p OS~Li ormng
aCCL:="~C: , ~."rard _7.:11 ~' v ~l~g : = T7tary' p0OS ==Q: r:g aCCLraCy,
iSre~L.i=red with a ~ ONsteed of nnvemen:. ~'" hus, for exanple, such a
notor would n of “ormal 1 y be vsef'.:1 for aning t he product head or a
"r~ea~d di sk aSS2Tw* ~,."' in nornal use as very r.'~ald novenent o. z5 the
~=oduc~ hpaddistrbddiitydotfo tieowieda o datr idids lseadc @gxl thihies dan e rra
coeratlonal use, An_enbodi_nment _of the sent |nvent|on\M

I
"descr ~. bed B§ (X/Sd More ©gRa I(‘-S”\X‘nht 1-$_r o FEFES 10 NS afcfcc?r, ,%nyl ng
dra:~:i ng&nerﬁlahmalaor w\é@e9%|s5!379@1%21e@0ta0|ﬂﬁ1rch2@ﬁ%lﬁ(é'&i %&&%r@%ﬁﬁcrﬁ Fig.

1is a plan_view from above of a notor in accordance wits the present

i nventiond REpPyer2stdfinesss orsast ieFpansiivewady wrdfngtlwnélgl veryand, ig.

3is a pI I p QN e f ) d..2 S omﬁng t he
38w F%}fﬁ%kegs Wo'ﬁl haq;e tt% b@%{%hed? e1t é:ét qlu?rpld:}}

ori en=ati 6n"o | s "and” magnet’s and ;agn

dstail. Pehe=motBg fmoret R&p@naihiregand d,;’ff@.rcﬁlllts t_?d”l(m/ahlﬁfa[ﬁt\ﬁfé}. magr~e~
ncLc_ 1. The notor 1 has ~ central stationar;r spindle 2 ~0o wh=cz are

flitted upper and | ower ball bearings 3,a eac:-~ cr wh;ch has a plurality
of balls 5. = r : ﬁﬁ: able to
~c~ate c. pi vc~ argL B gteh{é:lsa i n%l%II %st %}Rﬁ.@dl@%ﬁ f}n {asﬂec(zlrgeﬁl J G hcl

| c~~ righsemyowzdeerhwhem@ ameamndbamolmynhanldal~llnk betWHHhtEEHSVE—
~0 the | o~ai t,ud~: u: ndle 2 ~
beari nds Qos;t&ogeroggpb%rw ttheg:rPQucq Carm dfurdnrgcthe C‘:'eelf‘f_owre’-téLnﬂ_r
=JtO O peleabl r centrally cf t::e rotor 6. The roco= o' is nade o a
nagne0|caP|v so.. material such as a |low carbon. m _c steel or pine
magnetical |y soft iron.. 3ecause o. its annular zs shape, and because of

t: ~e rel ativel y,dense mmteri gl ~pomuhichyil, oan B ro B8R, ATgk ecause

magnetically soft iron.
18
The rotor may be stainless steel or pure magnetically

soft iron, for example.

The rotor is preferably annular in cross-section

20 transverse to said axis.

The rotor is preferably mounted on a stationary
spindle by a bearing for movement about the stationary
spindle. The bearing may include at least one ball

25 Dbearing.

In each aspect of the invention, the moving magnets
are preferably mounted so as to pivot about an axis when a
current flows through the coil and the magnetic return path
30 member is preferably arcuate to maintain a substantially
constant separation between the moving magnet and the

magnetic return path member as the moving magnet pivots



anal Wi ght-reducir_g holes or voids typically found ~n rot t
~onmpa=abl e motors, the rotor 6 has a high nonent o; _nert’ fﬂ%) °¥9iﬁgh

| ongi tudi nal axis 7 of the 30 notor 1. The ntr:ent c. |nert|a cr the rotor
o' may be of 22 Cctober 2002 WO 99/57796 PCT/ (GB99/01318 14 the cider o~
70kg. mm~. The bearings 3,4 connect to the inner cjl~.ndrica= surface 8 of
the rotor 6. Six permanent magnets 10 are fixed to the outer cylind=Kcal
“sun=ace 11 of the rotor 6. Each permanent magnet 10 is arcuate in
cross-secédbhbont apadidubkiéads TheamgbseCicCletmrnt patbememberatiss 7 of the
.motor 1 such é?ahéthe naggets 10 conp?etel:r sill the outernost periphery

of the =JPEFE ¥ 2UPB%BI frc: ~ above as shown. in Figure 1 . The _c ad;
~ace=~= edges .2 of "th a permanent magnets 10 are bevel | ed awa~.- from each
ether on noving radially outwards of the ~otc= 0 as show -_ particularly

clearly ir~ FiBoeerdingato=appthres pepaahent ﬁrﬁgn@trgswtu snmgmepnsed in a

= hanad kBeTE, 18 chrhiideass BosisikTel nbkkr honnaraVigaiy Foviat Ronn

articu; apbylcicﬁékyarm Bifgur eea,vocmetea the. motor bed@gaak C has a north
pol aon =isradial;r t "ace ._ar_d a soLth ocie on =is rad~ally _~.n

e ., .. Gesgggbed” above _adacer._ permanent r:agnets 10 on eit::er s=de
have a south pole en their respective outer laces =3 and a :crth ocle on
their respect we inner faces .4. _.. ~ hollow a=nerallv cyllndrlcal

magneti ¢ returAcparfinmgmber ahotherr aspeds blfe thet pregeand inkengdomanent
magnets i 0. the, =nner ~~rlindrical surface to of the magnetic return path

mem ~ 18 §Bere éﬁaEéBVFP8Q|PhéeﬁgPWEﬁEﬁF §ﬁ§n¥F§t1®9~fe§N°annular gap 17.
The annul %feemaézoﬁhew d ke %g@ah@awuaswmauw %s%ncis' deald yymgul d not

be present at al ,. tends .educe the magnetic flux density. The
WO 99/57796ad2wfntebheaﬁO@@uECEﬁGoBQ91@r3ﬁ&c15arm mﬁgm@E|etpeagﬁn pat h
stai,nl ess steel .or pure_ma netlcall S%FE i ron,
r

b
Tor e e B uRg PRGe s Ber ot iher St o1 0 at P edeba 1 ol

magneti c pbuxtdenehat edeky af RQ iResFRRaRk MREARS ah cER@imRgRetic return
oath nenber Z5 is not |am nated with anv non-conductive materi al and i ndeed

i s prafer abryerpapgénsomeoveneats pifnal predaicso agimowifdddiea sttiopagsat h fcr the

magnets 10, .SI.X . rent-carrying ocC d t | ar gap 17
bet ween tﬁgdiﬁgheg g Fegﬁﬁ‘r%fﬁtd%%eﬁggé%lgg%vﬁ t%&ﬁ'ergﬁ g #y%ég'“ets 10.

Each coil t30mBge spat iseldvowsdparapes iltiishe r2hra? nafliaeh veulienheé a“ angl e of
60 a. the ce:tra' _ longitudinal axis 7 of t:-ie motor 1. “he six coils m 20

are adj ac6EPTEEENTEEREM. As shown =r. Figure 1 and nore ¢ 1 early i _A~.
Figure 3, e_ectr i c current .r: use passes uc one 1 irr~" 21 e~ the coi

2:, (as shown. by a small ci rcle lra tile drwa~"gs) and down th~ other 1

i mv 220c. teat Theymo%n(gamagmm ta;reapmﬁlerabdjyos:arrled bye ajri'mﬂj_lmgs) . =he
sl:t colds 20 c'?2.n Cl'1 a~ tr:2 Ba;

TIE O ~?" IQﬁof”hégﬁlsltshWeéjacfr?ro@WOta\g’]@ /rtrqqe@% aqo(’iteéxler t he
COnneCt | Opchetweebastifte ctiet GRIHHE 2@ Hes Al Raintdhe dﬁjrﬂlﬁntrdcﬂdi")’

the positioner arm being connected to the motor for
movement therewith. Because the rotor has a diameter which

25 1s relatively large (compared to the narrow output shafts
of typical prior art torque motors), the torsional
stiffness of the rotor is relatively high. This results in
a high resonant frequency and thus improved servo
bandwidth, thereby reducing the seek/settle time of the

30 positioner arm/product arm combination and allowing the

track-to-track spacing to be decreased.



t’,~=ough pairs c. neig::Lourir~g linbs 2~. or 22 0. adjace coil s IS
ir_ t'gf\.e sarr.e directic..”. as i:~dicated in Fl gL:?"eS&tgg %?5 %60%A

disc-like cover plate 23 is fixed to the top of the rotcr 6 and noves with
the rotcr 6 when the coils 20 are energi sed. The cover plate 23 has six

screw holes 24. 3~ W~.ere the notor 11ps a positioner notor for noving the
_positioner armo~ a servowiter, the positioner armcan be WO 99157796 22
COct ober 2002 PCT/ (GB99/01318 16 . _ coupled to the cover plate 23 by neans of

the screw hol esh@4seTiusriteenmhie ineiluse2teane Eppr mpchaldlaalaner gi sed and
.the rotor_6 pivots abcut the axis 7, the posit~oner armis caused to pivot
with the ABPEHBINEREOPOFRE1PHLET 28 §OTRe PHOGHEEL 28 Oife & -SteF@ae i nventi on

h ; D3 B il ' R ‘ct
12 Mo, QUBLERVE: HbRERRy, JERS BRxVRRIYe PR arly Shetiadd e ©

~. h_ coi | So20mandnghasproductwarmt od ki a%ocragedvedinn & @ mo-otor io o
cccurs. where the notor, 1 is used in a servowiter to nove the positioner
arm thRe FeBGaed BPEECEn the r:~tor 6 fac~ ~tates contr~cl c_ and i nproves
the steed of track-tc tract seek and settle. ~s Despite the pernanent
magnets 10 noving relat~vQtc the .”.',agneti C r=_turr pat:”. nmenber 15,
eddy currents Aecbirdirngatiosa ifmrthermagpeictc ofetolven ppaistenenber 15 are pct
ali sused f _or icw.sne nc-.r ne ~,. e= r%gé n1%pena the notor ~ ed "~ the
= Art:~i EHVERES0L, SEhEER 1o PTAYL e, Rpime O%co- C opgratingca moing

", N VVE  whbRe®"mBtof whil®¥ TRRRGiGed @SNINMY negrt ldadridy ay 10 .~ C.
5 radi ans per S2COrid Cr eVen eSS t~'la:l O "e~La~ t0 abcu= 0."1 radi ans
oe= sdco doterl Woieht he mouated iforugerementpedoat: sudlongdtatdinsll r | ow

speeds wi Uiy Lhe. equl tant smal 2 edd carrentss, Afie mgngtic fetain path

electric current, and an unlaminated magnetic return path
member fixed in relation to the coil to provide a return
path for a magnetic field generated by the coil and the
15 moving magnet, the method comprising: providing an
electric current to the coil so that the rotor and the
magnet move with an angular speed of less than about 0.5

radians per second about said axis.

20 The motor may be operated so that the rotor and the
magnet move with an angular speed equal to or less than

about 0.1 radians per second about said axis.

According to a yet further aspect of the present

25 1nvention, there is provided a method of operating a
servowriter to write servo information to a storage medium
which in use is read by a read/write head mounted on a
product arm of the storage medium, the servowriter
comprising: a positioner arm for positioning over the

30 storage medium and causing a corresponding movement of the
product arm of the storage medium; and a motor to which the

positioner arm is connected for moving the positioner arm



~s Nave to be lamr:ated with insulation materia_, which kegqudgmga@b@?
cost of the notor ~. Indeed, in a servowsite=, small eddy currents i::
magne~i ¢ return pate. menber 15 car. be advant ageous i.”, that they produce
a smaii daming force which te.”.ds to cause the servowiter posit~oner arm
30 to settle nore rapidl'Y once the dasired track has beer. | ocated. WO
99/ 57796 17 22 COctober 2002 PCT/ (&B99/01318 The rotor 6 :gas a high nonent
‘of inertia. Where the notor 1 is used ~., nobve a servowiter positioner

arm a hiagid ’Whuqirerctqnaprmex E5) rﬂtm&mgemg;iﬁaohmﬁmﬁsbylm sopfartl cul ar)

br a~ f th t t b :
Hurt ng e A e iy RS | R RS i B TR 2ok b or
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the Sp=:1'""..~a~ a G bar | owe==.:ua the frequency of the | ow frequency i~~
pol e of {CURE egny anﬂuanmunlamimﬂﬁﬁﬁlmﬁ9m¢ﬁ&¢mﬁﬁ¢¢@E Bath anempée ~. ne=t ~a

{r ack 1 odtresk Sheib B ¥ it W N e Tdeis, st rmalhcfircn

cheaper tah&k’(agrﬁldﬂflém“ rref@@édlkﬁsgsthe‘ cé‘J_l cdndiayige bgévingsed in the
past . The i~ soindl a ~ out :;:~icz t:~e rotor 6 rotates has a narrow

dlanetermﬁgnﬁ$4(ﬁ#@h@ﬁﬁ%@ﬁ @@WP%H%#@gaJIEm@N%dh@gu%@ elepenifr _as 3,4

=0: - %’@:fé@ o V@H&réo{fdé‘&eénaé %he %&i%{éﬁ)&a{&m mvaQ Tch: ne

.arirg .~ Inprovin L er~st|cs oL
t:~e notam Jara;mllamrﬂpmdlgsﬂylegsiu&ha_mgabogt— S&Str_a-dia-naeper sheondt or o
and a posi, t'oreY armand ::end a :=:ced tthe rotor 6. 3ecause the rotor 6
i tsel 39 r #PWG 13449 \AX1§- | arge di ameter (conpared to the narrow cutout
sha=is ef typical prior art torque notors), the tors~onal st_=fness of the
rotor 6 is relatively high. 2~ ~zis resulrs ~n hi gh resonant frequency
and t hus i npr diterl meron hayndee doperdted eby thdUcthg pbeiskekéseatihe tine of
the positwoner atéproduct n1conb|$at|on and al | he t ack- to track

spaci ng dEN % aht S Vit PR 3B SR T t8IUED bR %I’écf%%%eﬁﬁa{%oa out

radians per second about said axis.
15
The rotor is preferably hollow and mounted for
movement about a bearing positioned within the hollow
centre of the rotor, the positioner arm being connected to
the rotor for movement therewith.
20
Thus, in its most preferred embodiment, the present
invention provides a moving magnet motor which has an
unlaminated magnetic return path member, thereby keeping
down the cost of the motor. The preferred embodiment of
25 the motor has a high inertia rotor which lowers the

frequency of the low-frequency pole of the bearing in which



. .22 Ogtober 2002 WO 99157796 PCT/ GB99/01318 to A servowwiterzgq&ﬁﬁhgpgmoz
armaffixed to the rotor 6 can be bal anced. This allows rocki ng node
resonances tWOB¥57@%6 ni nated and a bal anced torque is provi deBCHGEBINMU3 80t or
6. Torque is transmt~ed directly to the servowiter s positione= armfrom
the rotor 6 which results in a high tot%ional resonant frequency. The notor

.1 can be yrsyrsovpacs aod-sadl which! ombReves tBebegettléed into the footp =~
r.t c=esertl y pro-; i 3ed in ccnventiorLal seYvowiters fo= the cositioner
mo~. c=. lehdzaenpcisnecst<cdfthhenpeesent Ai hhgbntihersihasobesr aldescr bed

.T~:ith particular to the exanple_ il]ustrated. =i ver, will be
acc~r eci at BdUEREL VYAFRBE FensaaFed ﬁﬁﬂﬁgﬁbaFFEngugﬁgtbag.W%exﬁ.F@@ to the

exanpl e Lib Liher. $.1i2. : e ~. 1L Lnyertior~. 22
et ober 2095o- 168 hpE E Potie 8 SERREv AL RRgRIF RER S PRE Foror

conpri si NgiampLeYENTAUADEE rQbwADY LAY FRANBESvENIIREE g8k Y 18ndirspesed about
a pivot axis of the notor, each of said noving magnets being arranged to
provi de aceadral comgeetec fpetde antevewinhnbbe ebtstatiunagyacaiilgs:
symmetrical | y di sposed _about said pivot axis for carrying an electric io
current aR8YarspdsedciALFBFEL | BREFBPYhEMREGVAGINEGReEST¥HCRIPAHL & magnet i ¢
field gengrated vhen.a eucreal. flaus, Lhrough the coLls gauses,the moving
magnets to nove reratrve o tre’ corfs®anslt §ard pivot “axi'sT-and a magnetic
return patharenrber fhyedci B sekatbaBrtocbRe pveakks taephewiddesa return
path for a magnétic field generated by the coils and the nmovi ng nagnets;

t he magnetiexcefar napatk nmenbepvhdenghktr pewet isnpplat cogwham matilgns. 20 2
A nmotor according to claim1, wherein the noving nmagnets are carried by a
rotor whi BRNES“AEENPEIPHE"Fi ¢6LABI e CREFERKNE L4PGHATIREd Cpev Sl edki s of the
motor. 3. A _nmotor according _to claim2 wherein the rotor is,2s annular and
i s arrang&d®r63pivot=566at - chéHtF&PhrSngPPuﬁﬁnaH~§§F§? 535 W%Jhﬁ

accordi ngche ebalimg3comher ein cthe hler s FRuRked ornasst atjeonary spindle
by a bearing for mdvenent 30 aboup the stationary spindle. 22 Cct ober
2002 hysteresis prob_ems which can arise because cf the use of

=
wn

flexible cables .n such prior art motors are avoided.

Wwhilst the motor as described above has particular
applocaticn 1 & servowriter for moving a pesiticner arm,
1T wiLl. be apprsciactsd thnat the motor can te used in any

11 =applicfation wners high positioning accuracy, particularly

hign rotary pos:it:ion:ing accuracy, is regquired with a low
spesd of movemenz. Thus, for example, such a motor would
not normally be useful for moving the product head of a
nead disk assemzly in normal use as very rapid movement oI

25 che

w3

roduct heac is required to provide fast disk access

times 1n normal cperacional use.

An embodiment of the present invention will now be
described by way 2f example with reference to the

30 accompanying drawings, in which:



oné bal | be@J' ++f3. A notor according to any of clains 1 tq,

5 magnetic return path nenber is arcuate to nmaintain a substa (¢

constant separation between the nnvingl€agnets and the magnetic return path
menber as the noving nmagnets pivot about said pivot axis. io 7. A noving
magnet notor, Ti@. nbtbf soRpeisvhgy Eramgabovieref a2 rvee®r nbeabl e about a
[ongitudinal axis of the notor; an even nunber of noving nmagnets carried by
the rot or2FoPEHRETedt CFherBwPE RS e Rhet TBST niPagnet s being 15 symetrical |y
di sposed about the |ongitudinal axis of the notor, each of said noving
magnets being arranged to provide a radial magnetic field; an even r_unber
of stationary EDgl s2sysnet eroaktyedt spasedyabwubnt hexl ongriadi-gal ;axi s of
the notor for zo carrying an electric current and disposed In relation to

t he no¥i ngndmagnets such that a magnetic field generated when a current
flows through the coils causes the noving magnets to pivot about said axis;
and a magnetic return path nenber fixed in relation to the 2s coils to
provi de a retupp paih; Lot 31aR0peLiCotl gl dogenghabedihy hieogobls and the
novi ng nagnet s: 3 ot or “accordrng to crairm 7, erein erotor is
annul ar i nigness- seghlon thawswer sBet 8rsahdagXbs. 080che-23i22 GBHOber 2002
9. A notor according to claim7 or claim8, wherein the rotor is nounted on
a stationapgnspindhe bhrearbgaeicng foeldovenmatrcadeteiihe stationary
spindle. s 10. A notor according to claim9, wherein the bearing includes
at | east one ball bearing. 11. A motor according to any of clains 7 to |o,
wherei n the nmagpeLi-¢.return pat r, i §..acguate Lnt.ai.; i 0o
substantially g6ﬁéfé%%%sgﬁaF§Figﬁg%gpggén‘fﬁg”ng%iﬁégwgg%ebgbgﬁg t he
magneti c magHeR Rathrmenberrhas mckermvihag eageateapi ¥ekcabadiysai d axis.

12. A notor according to claim11l, wherein the magnetic 15 return path
menber issanndliar 2 13 wAiser aowr iftiét edoupaert ang dewes bafldr meerdmd=so a
storage nediumwhich in use is read by a read/ wite head nounted on a
product aPmiof3fRe st 8ifage: MEd GmPLUFE 126 Ys @ty &ftiifel -conprising: a
positLgner armfor positioning over a said storage nedi um and causing a
correspondi ng novenent of a product arm of the storage nedium and a notor
according to anpyreftodd & & Fihed 2o WMHL bdss iagsdni, wakle also capwe t he
servowiter positioner armrelative to the storage nedium 14. A

servow i t @blgccor diong o ot g INc3,amon iWiengpiwaids 2or dsclsadveal |y

| i nki ng th:posi oner, armto a produyct 3q an1of a storage nedi um

ti
Biste

-20 5. A notor according to claim4, wherein the bearing incl dggﬁgtgl t
r { he
8

atcr £ i3 & ncllow right cylonder having anm annular
TrosSs-sS2ITilonal snape transverse o the longitudinal axis 7
20 cf thz meicr The spindle 2 and bearings 3,4 ars _ocated

cenctrally of the rotor 6. The rotor 6 is made cf a
magnecically sof: matarial such as a low carbon mild steel

or pure magnetically scft iron. Because of its annular

W
w

shape, and because of the relativaly dense material from
which 1t can be made, and because the rotor & does not have
any weight-reducing holes or voids typically found in
rotors of other comparable motors, the rotor 6 has a high
momenc of ZInertiz abour the longi:zudinal axis 7 ¢f the

30 motor 1. The moment ¢f inertia c¢f the rotor & may be of



22 Qctober 2002 -22 15. A servowiter according to claim 13, g?qﬁﬁéﬁﬁﬁgoo
means for m)%i rbg/?,, roduct armof a storage nedi um by a noncon net oc?.
5 16. A net h3d 6 3€erating a movi ng magnet notor whi ch conpPFI&EBIYORY| ng
nmagnet carried by a rotor which is nougted for novenent about a

| ongi tudi nal axis of the notor, a stationary coil for carrying an electric
current, dritk arded afl ridtke migneThe beauingpaBh4nenbescti xedthe i o
relation to the cqil to provide a return path for a magnetic field

gener at ed lb'iFscrhé:Yc*dﬂd%‘rﬂEF-t FTRAAHE g€t Gt hod conpri si ng:
providing an electric current to the coil so that the rotor and the magnet
nove with an angul ar speed of less i5 than about 0.5 radi ans per second
about said axi $id bernditothageiding 41 diaida i wereitet he notor is
operated so that the rotor and the magnet nove with an angul ar speed equal
to or |essuhiadabmilt udfacalildnharheordesrord alanh pgrnanest 18. A

met hod of operating a servowiter to wite servo information to a storage
medi um whiG@ETSF Ut 1% FEaRYy rce%ﬁfﬁ/ﬁst%c%'écﬁzﬁi{;lﬁﬁ%%ﬁw LProgact arm
of the S.t05?96%25-J“f‘tdd¢”%e£é1?afefﬁ’f’é"”f]oef SUMILSING &, POSifLongpearm for
posi ti oni ng over the storage medi'im and causi ng” a cof respondi ng hovenent of
the produchagtdn Hf14 heomd o ade, edi Unihansl: ee A HF d&r Weh&hy tHe prsi tioner
armis connected for noving the positioner arm and Wwhich conprises 30 a
nmovi ng magnetccad ryiezh byievedt Dronhlndve sasmaimbved iorF npvesreht abbeat a

| ongi tudinal axis of the nptor; a stationary coil for_carrying an_electric
current? affdl aFERt £ Bt obRE PP IR A AR nhYnRtF cPFEELtAdpat h
menber fixgd.in-relati 1 e ' pLOVi a a
magnet i ¢ {EETH Tene et el pentheotarrv i iR AENT STHERAR B o
conpri si NgropEoVvs di 10 ABwel &tE 1 ELTAF T ENE1dHr1Pei £OoFLg8P=53t hat the
positioner armnoves with an angul ar speed of 1ess than about 0.5 radi ans
per second about said axis. 19. A nethod according to claim 18, wherein the

rotor is hollow and is nmpunted for novenment about a bearing to positioned
within the hol | 3%F¢entren8f PERE2PBRprNagRets 10 is magrnetiSed in a
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magnaIisation a_ternates between adjacent magnets 10.
, 25 shown rarticularly clearly in Figure 3, one

bovsa
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enT magnet 1C has a north pole on its radially

22 ard south pole on its radially

o

ace L:. Thz adjacen: permanen:t magnets 10 on
2itner sids have a soutn pole cn theilr respective oucer

faces 13 and a north pole on their respective inner faces
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hollow gsnerally cylindrical magnetic return path
memper 15 surrounds the rotor 6 and the permanent magnets
10. The inner cylindrical surface 16 of the magnetic
racurn path memecer 15 is spaced from the permanent magnets
10 by an annular gap 17. The annular gap 17 should be as

30 narrow as possicle and ideally would not be present at all

as it tends to reduce the magnecic flux density. The
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coils 20 is ir cthe same directicn as indicated in Figures 1

25 and 3.

A disc-like cover plate 23 is fixed to the top of the
rotcr 6 and moves with the rotcr 6 when the coils 20 are
energised. The cover plate 23 has six screw holes 24.

30 Where the motor 1 is a positioner motor for moving the

positioner arm of a servowriter, the positioner arm can be



10988 () -

22 QOctober
,‘9$10%&V+v&fééﬁéémé9$lowxx&f()-Lf2:!10%B&f()-&O!lO%B&f()-!3.SlO@§

+10% & ()

109B&' ()-! 109 ()- Y*R:347<. 10+V+VI 1
- 45%

- B&

PCT/GB99/01318

%

Q02
)-Y

10+V+V! Hf $1098BBB& () - @ 9f $1098B3B& () - @f $109%& ()- @ ! s1098B& () - zmLOYB& ()

- 104V+V
& ()-@sf

10+V+Va xV4< 10!  #109%& ()-! AP0%&' ()- f$10%

_ %91‘(%’1‘?@' b @df SLOULFhE ) 2@ f}:%l(?r%%@.sz%f( @ sdUuBHoles
10! 1 &10%CCE () OB,

8&109B& ()
10! &10%&

() - 2<?@\BDRpLhe FroropH
10ny810%&' () -! &10%

10! @109
()-6[\]&°

| ~

21 PZ( T0%x& () - @ 108 108
2MILA#1AUR's(, ) Whihl @MBB& d)l-s@hamd3dppropriately energised

()-2!s&10% f & (P)O-z! D&10Y& () - 2! D&LOY&' () - 2! i k&10%>& () - 2! ( &10%65&

TR NS AEAHREE Y U/ & Hhe PODR MomT arm

] ' ()-2pZAMM3~ =
28 (GPUse %/é’e"é})o(“) %ﬁw&v&wm&fm AR PR () - ! &1092Z8&

zpf\ =

&'()-S!@ElO%&'()-S!@ElO%&'()-S#‘10%W&'()-#$CWP@&9E@©@@@&@91
1109 () - SUCF&K 3OS | y Remuge g )the ol Ip\B2 are fixed, it is not

10

390

necessary to provide flexible power supply cables to the

[0}

co1ls 20 and thus rno unwanted bias to movement of ths rotor

€ cccurs. Where the motor 1 is used in a servowriter to
move the positioner arm, the reduced bias on the rotor 6
facilitates contrecl ¢ and imprcves the speed cf track-to-

track seek and settle.

Despite the permanent magnets 10 moving relative to
the magnetic rsturn path member 15, eddy currents which

arise i1n the magnetic return path member 15 are nct a

croclem wners the motcr 1 is ussad for low spesd mevement cof
the votor 6. In & ssrvowriter for exampls, the rcotor need
cnly move with an anguiar speed ¢ less than or egual T

abouz €.5 radians per second cr even less than or egual o
abcuz 0.1 radians per second. Where the motor 1 is used &t

£

move at such relatively low speeds with the resultant smail

eddv currents, the magnetic return path member 15 does not
nave o be laminated with insulation material, which keeps
down the cost of the motor 1. Indeed, in a servowritsr,

small eddy currents in the magnezic return path member 15

can pe advantageous in that they produce a small damping

[3a

orce which tends to cause the ssrvowriter positioner arm

to settle more rapidly once the desired track has beern

located.
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2 by lowsring the frequency of the low freguency

b
O
'g

ole of the comtination of friction of the bearings 2,4 and
the inertia of ths motor, which allows more rapid and more
easily controllazle track-to-track seek and settle 1in a
servowritar. Ball bearings are much cheapexr than air or

Ziquid-begarings which have been used in the past. The

[
utr

spindle 2 about whicnh the rotor 6 rotates has a narrow

dram

(D

1+

ter. A narrow cdilameter spindle 2 allows the use of
bearings 2,4 whizh are small which reduces the friction
arising 1o the Zsarings 3,4, again improving the

operaticnar charzczter:istics of the motor 1 and particularly

1>
[

reducing the s2i:le time of the rotor 6 and a positioner
arm and nead afiixed tc the rotor 6. 3Becauss the rotor §
itself has a relz:zively large diameter (compared to the

narrow cutput shnalts cf typical prior art torgue motors),

the torsional st:ifness of the rotor § is relatively high.

[{S]
ui

This resu.ts in z high resonant frequency and thus improved
servo bandwidth, thereby reducing the seek/settle time of
the positioner arm/product arm combination and allowing the

track-to-track stacing achievable with the servowricer to

be decreased.

30
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. Torque 1s transmitted directly to the servowriter
5 positioner arm from the rotor 6 which results in a high
torsional resonant freguency. The motor 1 can be very
compact and small, allowing it to be fitted into the
footrrint presently provided in conventional servowriters

for the positioner motcr.

19
An embodiment of the present inventicn has been
described with particular to the example illustrated.
However, it will be arpreciated that variaticns and
modificaczicns may be made to the example described within
15 tc<he scope c¢ci the present invention.
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CLAIMS

1. A low speed moving magnet motor, the motor comprising:
an even number of moving magnets symmetrically
5 disposed about a pivot axis of the motor, each of said
moving magnets being arranged to provide a radial magnetic
field;
an even number of stationary coils symmetrically
disposed about said pivot axis for carrying an electric
10 current and disposed in relation to the moving magnets such
that a magnetic field generated when a current flows
through the coils causes the moving magnets to move
relative to the coils about said pivot axis; and
a magnetic return path member fixed in relation to the
15 colls to provide a return path for a magnetic field
generated by the coils and the moving magnets;
the magnetic return path member being free of

insulating laminations.

20 2. A motor according to claim 1, wherein the moving
magnets are carried by a rotor which is mounted for

pivotable movement about said pivot axis of the motor.

3. A motor according to claim 2, wherein the rotor is
25 annular and is arranged to pivot about its central

longitudinal axis.

4, A motor according to claim 3, wherein the rotor is
mounted on a stationary spindle by a bearing for movement

30 about the stationary spindle.
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5 magnetic return path member is arcuate to maintain a
substantially constant separation between the moving
magnets and the magnetic return path member as the moving

magnets pivot about said pivot axis.

10 7. A moving magnet motor, the motor comprising:
a high inertia rotor movable about a longitudinal axis
of the motor;
an even number of moving magnets carried by the rotor
for movement therewith, the moving magnets being
15 symmetrically disposed about the longitudinal axis of the
motor, each of said moving magnets being arranged to
provide a radial magnetic field;
an even number of stationary coils symmetrically
disposed about the longitudinal axis of the motor for
20 carrying an electric current and disposed in relation to
the moving magnets such that a magnetic field generated
when a current flows through the coils causes the moving
magnets to pivot about said axis; and
a magnetic return path member fixed in relation to the
25 coils to provide a return path for a magnetic field

generated by the coils and the moving magnets.

8. A motor according to claim 7, wherein the rotor is
annular in cross-section transverse to said axis.

30
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9. A motor according to claim 7 or claim 8, wherein the
rotor is mounted on a stationary spindle by a bearing for

movement about the stationary spindle.

10. A motor according to claim 9, wherein the bearing

includes at least one ball bearing.

11. A motor according to any of claims 7 to 10, wherein
the magnetic return path member is arcuate to maintain a
substantially constant separation between the moving

magnets and the magnetic return path member as the moving

magnets pivot about said axis.

12. A motor according to claim 11, wherein the magnetic

return path member is annular.

13. A servowriter for writing servo information to a
storage medium which in use is read by a read/write head
mounted on a product arm of the storage medium, the
servowriter comprising:

a positioner arm for positioning over a said storage
medium and causing a corresponding movement of a product
arm of the storage medium; and

a motor according to any of claims 1 to 12, which is
drivable to move the servowriter positioner arm relative to

the storage medium.

14. A servowriter according to claim 13, comprising means
for mechanically linking the positioner arm to a product

arm of a storage medium.
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5 16. A method of operating a moving magnet motor which
comprises a moving magnet carried by a rotor which is
mounted for movement about a longitudinal axis of the
motor, a stationary coil for carrying an electric current,
and an unlaminated magnetic return path member fixed in

10 zrelation to the coll to provide a return path for a
magnetic field generated by the coil and the moving magnet,
the method comprising:

providing an electric current to the coil so that the
rotor and the magnet move with an angular speed of less

15 than about 0.5 radians per second about said axis.

17. A method according to claim 16, wherein the motor is
operated so that the rotor and the magnet move with an
angular speed equal to or less than about 0.1 radians per

20 second about said axis.

18. A method of operating a servowriter to write servo
information to a storage medium which in use is read by a
read/write head mounted on a product arm of the storage

25 medium, the servowriter comprising: a positioner arm for
positioning over the storage medium and causing a
corresponding movement of the product arm of the storage
medium; and a motor to which the positioner arm is
connected for moving the positioner arm and which comprises

30 a moving magnet carried by a rotor which is mounted for
movement about a longitudinal axis of the motor; a

stationary coil for carrying an electric current; and an
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hollow and is mounted for movement about a bearing
10 positioned within the hollow centre of the rotor, the
positioner arm being connected to the rotor for movement

therewith.

20. A method according to claim 18 or claim 19, wherein
15 the motor is operated so that the positioner arm moves with
an angular speed equal to or less than about 0.1 radians

per second about said axis.



