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i~~~~~mw~ The present invention relates to a moving magnet motor and a
met~od of operating a moving magnet motor. The present invention has
particular applicability to a low spee^ moving magnet motor, for example a
servowriter cos'_t_one= motor. ~n a storag= med_um in. whit'.: data is read
from and/or ,J Ai..__..n ~c a m_diu~~, ,... ~ch is m vab_.. - ,r~~- ` th ~
by a read/wri~a head wh' o r=_lwt=ve to the storace medium, movement of the
read/write heap ~s usually controlled by a Se'_'v0 system. The servo
sys~~.-.: ,uses servo infc=matior. whic:. is prerecorded en try ., re h; ~Y
i-~format~o:n, the St^v~~~e 1'"..d_um. ~~ adlng t.._s s..yv~,~ :~ act~:a=
pos_ticn c= the read/write '.^.ead relative to tre storace mecium can be
decerm~ned ar~d corltroi signals S2rl t.~ .i.v~re t ... r:eaC1
a~C.~..~.~dingly. .:`. a -^.e~d : _sk a=_SCmJJiy, tile s~O~aC~ medium iS a
=: ,aGne___ " :arc" ..=s:: and the read/w=_te zead or reads a_e
;Tlol.:::~ed ~~= move:?:nt. .^.'Jer the Qlsk Su.'".TaCe bV ''u-1'1 a=m
W_'11C_^_ is c=~e:l :Z~own as the " product ar^;" se=-JOwriter i s used to
wri to t:le servo informati cn ~s ~e t :e dis:,. The servowriter has ..s
own dedicated clock head. The servowriter clock read is offered up to the
d=sk and used =irstl~~ to write a (usua_iy temporary) clock track on ~~e
d~s:: to crovide a series o. c~ ock tr3T.1S1t7.01'ls ir~d~~ati:.c angul~_
position around t:^.e d'_sk. '"he servowrite= has a positioner arm w^:.ch
1s linked to the product a=m suc:: that movement of tile positioner arm
causes *G00002*   WO 99157796 22 October 2002 PCT/G B99/01318 2 ' a
corresponding movement of the product arm. Movement of t::^.e servowriter
positioner arm is controlled very preciself by an angular detection system
ir. the servowriter. The angular detectio:: system may be a laser
reflecting light 



rpm a very fine graticule on the positioner arm for example. After the
clock track has been written, the clock trans,_ticns are read w_th the
servowriter clock head so that the angular posit'_on of the disk relative
to the servcwriter is accurately known at a11 times. The ~o pos=toner arm
is moved to preselected angular positions b~. a pcs=tior_er motc= of the
servowriter. The product arm -n c. ~ ' r .. i r ; ,~ ,- ., , r ~- i ov_..
wit : ~he Ncs_,._cr_e~ a_~r, a..d the prodt,ct read/ ~_ _ to heat .s used
to write t:ne servo tracks at the required :,=ese'_e~~ted angular positions
or. the disk. m ~t ~s ~mpertant that t:~e servo tracks be written as cv~ c
ly as poss;bl a sc as to achieve faster thrcug:~put c= the ..ar c:_s'.a
cvrir.g :~~anufacture, especially as se="`dvlvW_==;.~~ 1s ~~.~iCal1`_J
Carriev, c"~ in a cl ea_^. room. ~.vh~-_= ._ soac= __ __:nited and
e::pensive. =t is t~^:erefore i:rpcYtant cr ~ servowrite= to achieve quic::
track seek (i.e. fast :noveT~~:a o= the ~~ad Between tracks on the storage
medium; aad q~.:~.c~c track settle (i .e. the head should come to rest
cuic'.~:'_-a once i n pos=t=or. over the desired track) . Conventiona_
practice has been to mechanically link the servewriter positioner arm with
the product arm so that :,vove:~ent cf the posit_oner arm automatically
brings abo~.:t a ccrr`sponcing movement eF the product arm. However) tr.is
3o mechanical l~nka~e between the positioner arm and the tirod~.:ct arm
increases the effective inertia of the a   22 October 2002 WO 99I57796
PCT/GB99/01318 3 servowriter positioner which controls movement of the
pos~Lioner arm. Moreover, the positioner arm is usually connected only to
the lowermost product arm of a stack of Droduct arms. The product arms
above the lowermost arm are _ effectively a resonant body which, because
they are mechanically lirked c~ the positioner arm, can lead to unexpected
and ur_desi=ed resonances. Such resor:ances are C~i==C:~! ~ tJ p reC..yO~
_:':rOL:Qf:OL:t the wangp Or mOVment O '.^. c^ ~ `loner a=^; a=.:; t!^:e
mechanical link slows movemer.a ~s_,. m of t'_'_^.e servowrite= oositioner
arm and the product arms. More i:,mortantlyr in a servowriter, the
resonances tend to be lower ~n freGUenctr than they would be in an
operational disc dr ive . This rea~aces the bandwi=dth cf the serve which o
n r.~' t a = ~ - ~ r^. .-. r ~ r s us_d c~ conty _ :z_ pos_~.ion cy th..
n_~du~t a_m dari..g ~= servotar_t~ng, rasulti__^_g in a worsening of the
seek/settie time and an incr~as= _.. the track-to-track spac'_ra. One
krc:~rn wav cf o-re=ccminc this problem is to drive the prCCu:~. ~~-~ v~.a
_ts o~,~~n c:,=~ve mechanism during the se;wc;~r_=~ :.g p~ccess ~...~
d~scorn.. th,. me,.ha~ ~.ca~. _ n, ag.. bet-r:e.... t'.^.e procs:.t a=:~
and the pesi t~.orer arm. '='he rel a.'.;'.Ie mOtlOr. Oet4leE'=. the
proauct arm and tl_ TJOSl`lOI:er a_m a:. . ~_c.. i.. r c ~ be detec~ed br a
r.~~ll sensor the output of wr~ used tc ccntrcl the cr=ve curre^t provided
to the product arm d~mra mecha.^_;sm v=a a separate servo so as to move the
product arm in tandem ~,~rith the positioner arm during servowr=ring. T:~e
use of this ruli sensor and separate servo for moving the product arm also
improves the oosit~cner servo bandwidth and therefore the seek/settle time
cf ti:e posi=icne= . 30   1 WO 99/57796 22 October 2002 PCT/G B99/01318 a
._ At least some prior art servowriter positioner motors for roving the
positioner arm have been of the moving coil type. As such, =yexible supply
cables have to be cor_nected to t'_'_^.e moving cc_ls of the positioner
motor. These s flexible cables ~~ov'_de an undesirable bias to the posy
~ioner arm w:^.~ ch t:-:erefore affects movsment of the posi~ione= arm. 



J~-A-:7759~~~ d~sc_oses a morina magne= ~;~otor ;cr mov~::g a prcduc= arm
c. a hard disk drive. As t'_'_^.e product arm xust ~:ove ver-r cuickl y
between tracks in order to proTr_de asc d~s:~: access times, the motor of
each of the examples descr=b=d in =he patent spec~f_ca=ion must be a h ig
speed motcr . T_n ore part=cu'~ar exar,:c 1 a descr i bed =n is the r ten=
spec=__cat~.or_, the magnetic retvrr_ pat:. member mOVcS W1t^ ~~'le
T?::V=aC .'r!ag:'?E~ SO i_O EddV CLrr2:ltS ara ~rCC::CEQ, Tn anCLnE2' ~
artlCUl ar e:{amp! E C2SCribeC 1.^_ t~'le patE._.~ S~e_^.lLi :~.__.._. Si.Q
i:: a l7riOr art e:tamDle C_SCr=I'eQ aS " _a"'ga_:J f?yCC=^=,...Cal" In t h
pateni. 3~eC;LlC~tICI1 L:'2 , =: ,^,',agnS__C ~_Cur:: _ .._. me;'.lber 18
stat~On ar_.' _Ela~~Vc t0 t:^.2 ;i.CV.'r:'Q .^.''.ag:'1er ; _:: t:'!.'._
SeCOiW: exal;lplE and C:le :?~'p^rLileC~.Ca_ pri.^__ arC, w'_1.1=_ ~L ~S
T1C~ SDeC;1Ca11V 5:^_O~rl_`: .^iC1" deSCr=Ded, the ^:agl'aEL? ^ reLltin
part: memi~er muse be lam:.nated as et erwise t:~e eddy c~.~rrents wrich
wcuid be TJrOCL~Ce~.'~.~ LeCauSE. ~C f t:'!e i'llgh Speed Or r2 1 a.`.lVe
mcvemen t between the maa~e~ and the magnetic return path member WO'.: _C.
1.^..rl~D1 t f^.vV ~, ` '~ =mer_~ of the Droduct arm such that she prod4ct
ar:~ cc;:_~ nct be moved satisfactcr~ly. 3u Acccrd~ng tt a f~.rsc aspect of
the aresent invention, them is provides a lcw speed moving magnet motor,
the   5 22 October 2002 motor comprising: an even number of moving magnets
symmetrically 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 s symmetrically disposed about said pivot axis for
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 move relative to the coils about said pivot
axis; and a magnetic io 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 zo 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 3o are of such a Iow magnitude that it is not necessary to
laminate the magnetic return path member with insulating material. Such a
motor has particular application as a   22 October 2002 6 servowriter
positioner motor for moving a servowriter ' positioner arm. Thus, this
aspect of the present invention provides a moving magnet motor, thereby
avoiding the need for flexible cable connection to what would otherwise be
s moving coils of the motor, whilst keeping down the cost of the motor by
having an unlaminated magnetic return path member. The magnetic return path
member is preferably pure io magnetically soft iron. 



The moving magnets are preferably carried by a rotor which is mounted for
pivotable movement about said pivot axis of the motor. The rotor is
preferably annular and is arranged to pivot about its central longitudinal
axis. Such a rotor can have a high moment of inertia, the advantages of
which are discussed further below especially in relation to a servowriter.
The rotor may be stainless steel or pure magnetically soft iron, for
example. 20 According to a second aspect of the present invention, there is
provided a moving magnet motor, the motor comprising: a high inertia rotor
movable about a longitudinal axis of the motor; an even number of moving 2s
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 October 2002 through the coils causes
the moving magnets to pivot about ' said axis; and a magnetic 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 5 magnets. The
provision of a high inertia rotor has numerous advantages, especially when
the motor is used to move a servowriter positioner arm. In particular, a
high inertia to rotor is resistant to shock forces or turbulence arising
through buffeting caused by air flow as the servowriter head moves over the
storage medium, thereby removing or at least reducing one source of
vibration of the servowriter head. 15 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 2o 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
proportional 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 ao this low frequency resonance. In
servo control, it is important to keep this low frequency resonant pole
well below the servo bandwidth in order to improve the  



8 22 October 2002 predictability of the servo during seek and this can be
achieved more easily with a high inertia motor. If a low inertia motor 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
which makes the motor more expensive and difficult to manufacture. A high
inertia motor is particularly important in a servowriter where there is no
mechanical link between the to positioner arm and the product arm during
the servowriting process. The magnetic return path member is preferably
pure magnetically soft iron. is The rotor may be stainless steel or pure
magnetically soft iron, for example. The rotor is preferably annular in
cross-section 2o 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 2s bearing. 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 3o 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   22 October 2002 



9 about said axis. The magnetic return path member is preferably annular.
According to another aspect of the present invention, s there is provided a
positioner motor for drivingly moving a positioner arm of a servowriter,
the motor being as described above. According to another aspect of the
present invention, io there is provided 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
i5 corresponding movement of a product arm of the storage medium; and a
motor as described above, which is drivable to move the servowriter
positioner arm relative to the storage medium. 2o The moving magnets are
preferably carried by a r~ollow rotor which is mounted for pivotable
movement about a bearing positioned within the hollow centre of the rotor,
the positioner arm being connected to the motor for movement therewith.
Because the rotor has a diameter which 2s is 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 3o positioner arm/product arm combination and
allowing the track-to-track spacing to be decreased.   10 22 October 2002
The servowriter may include means for mechanically linking the positioner
arm to a product arm of a storage medium. However, the servowriter
preferably includes means for moving a product arm of a storage medium by a
non 5 contact method. According to a further aspect of the present
invention, there is provided a method of operating a moving magnet motor
which comprises a moving magnet carried by a to 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 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. 2o 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 2s invention, 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 3o
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   



22 October 2002 11 and 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 5 fixed in relation to the coil 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 positioner arm moves with an angular speed of less than about 0.5
radians per second to about said axis. The motor may be operated so that
the positioner arm 15 moves with an angular speed equal to or less than
about 0.1 radians per second about said axis. The rotor is preferably
hollow and mounted for 20 movement about a bearing positioned within the
hollow centre of the rotor, the positioner arm being connected to the rotor
for movement therewith. 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   WO
99/57796 12 the rotor is mou:ted which improves the settle 22 October 2002
PCT/G B99/01318 charaCterist~cs c_ the motor. A high inertia rotor also
reduces vibratiG.-. caused through air buffeting where the motor is used tc
drive a servowriter nositioner arm for J example. In a s=_=vowriter, the
servowriter positior~er arm car ~e connected to the rotor with the rotor
having a high tors_o::al stiffr_ess, thereby improving the servo
bandwidt'.^_^_ and c:.=_refore to seek/settle time and crack-to-track
SpaC=~g . L:aV~nC S SCaClOilar~/ CO'_1 CbV~.ateS tile ne2d iCr r ', , :-, c
~ a r t ' , i -~i i~ _ex_:,i c bles to prov_d the powe supply to wnat
wcu_~. other~~rise be mc~-_ng coils, thereby eliminating the bias type ca'
iy,' assoc_a=ed :~ri th connection of fiexib 1 a cables tc t:^.e r~virg
coif ~ c= ~~.e prior art motors. '='hus, the hyst__~s~s p_ob=e:ra w._~c..
^' '~ can arise because ef the use o= `lex_ble cables _-: such prior art
motors a-a avoided. 



~wh>st the ~-.^tor as described above has part~.cul a= ~pC~.__..,~1C._ 1.:
,., 3r'i04:y:.L_~ f0. mGZ'_:lg a 'ACS=tl0r:er a-m, ___ bapp=c__a~~.~ L:lat
=re mOLO= Cdn C l:Sed '_:'. anii D_=_~_~C~:: tv^e== i 1~ . p OS~Liomng
aCCL:="~C': , ~."rarCl_^.:11 ~_'_v ~l~g : =.7tary' pOS_==OI:_r:g aCCLraCy,
iS re~L.i=red with a ~ OW steed of movemen=. ~'hus, for example, such a
motor would n of ^ormal 1 y be vsef'.:1 for moving the product head or a
:~ea~d disk aSS2Tw^_~,.' in normal use as very r.'~ald movement o. z5 the
~=oduc~ head is required to provide fast disk access times in norma_
coerational use. An embodiment of the present invention will now be
descr~.bed by way.- .._ example wit': reference to the 3o accor;,panying
dra:~:ings, in which:   WO 99I57796 22 October 2002 PCTIG B99/01318 13 Fig.
1 is a plan view from above of a motor in accordance wits the present
invention; Fig. 2 is a cross-sectional view on X-X of Figure 1; s and, ig.
3 is a plan view of a portion. cf the motor of figures 1 and 2 showing the
orien=ation of the ccils and magnets and the ~;agnet;c field in more
dstail. Pere=r~ ng t : the drawings, t'_^.ere is shown a moving magr~e~
mcLc_ 1. The motor 1 has ~ central stationar;r spindle 2 ~o wh=cz are
flitted upper and lower ball bearings 3,a eac:-~ cr w h;ch has a plurality
of balls 5. m r =ctor 6 _.. fixed to the bearings 3,4 so as to be able to
~c~ate c. pivc~ around the spindle 2. As shown., r.::a ?~L.rC= ~ iJ G hcl
lc~~ right cy__zder having an annular _ross-se~t_~,n_a_ _ :ape t=arsve=....
~o the lo~aitud~:u:._ a:{is 7 .._ t'_he mc=cr :.. ';'he s~:.ndle 2 ~_...
bearings 3, ~ a=a =ocared Wi.t-?=:1 t:'lc.'' f:OllC':: Ce:lL;:e CL Lr:~
='JtOr O, preTerabl r centrally cf t::e rotor 6. The roco= o' is made o a
magnecicaliv so.. material such as a low carbon. mi_c steel or pine
magnetically soft iron.. 3ecause o. its annular zs shape, and because of
t:~e relatively dense materia'_ -nom which it can be .~.ade, and because
the rotor 6 does not have 



anal Weight-reducir_g holes or voids typically found ~n rotors o. other
~ompa=able motors, the rotor 6 has a high moment o; _nert'_a about the
longitudinal axis 7 of the 3o motor 1. The mcr:ent c. inertia cr the rotor
o' may be of   22 October 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-section and subtends an angle Cf CJ~ a. the central axis 7 of the
motor 1 such that the magnets 10 comp?etel:r sill the outermost periphery
of the =Jtcr 5 wher_ viewed frc:~ above as shown. in Figure 1 . The _c ad;
~ace=~= edges .2 of th a permanent magnets 10 are bevelled awa~.- from each
ether on moving radially outwards of the ~otc= o as show_-_ particularly
clearly ir~ Figure 3. Eac:= of the permanent magnets 10 is magnetised in a
_.. =ad~c,~. C=reCt iC.'_ G. tile llO~Or 1 . The pol ar 1. ty Of t he
-.naanet~sat_or~ a=terna:,es between adjacent magnets 10. :us, as shown
:articu;arly clearly ~n Figure 3, one par;-";......_ magna 1 C has a north
pol a on =is radia_l;r t `ace ._ ar_d a soLth ocie on =is rad~ally _~.n
e_., .._ _ =ace _ . . _.._ 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 cylindrical
magnetic return path member 1~ surrc~~nds the rotor 6 and the permanent
magnets i0. the =nner ~~rlindrical surface to of the magnetic return path
mem:^.er 15 is spaced from the permanent magnets 10 ~y an annular gap 17.
The annular gap 17 should be as narrow as poss~.ble and ideally would not
be present at a11 as _,. tends to .educe the magnetic flux density. The
WO 99/57796 22 October 2002 PCTIG B99101318 15 _. magnetic return path
member 15 may be made of stainless steel or pure magnetically soft iron,
for example, and provides a path of hig:~ magnetic permeability for the
magnetic flux generated by the permanent magnets 10. The magnetic return
oath member Z5 is not laminated with anv non-conductive material and indeed
is preferably homogeneous. The spindle 2 also provides a flux path fcr the
magnets 10. Six current-carrying coils 20 are located in the annular gap 17
between the magnetic return part. member 15 and the permane:!t mag^ets 10.
Each coil 20 has spatially separated limbs 21,22 which subter_d a^ angle of
60 a. the ce:tra'_ longitudinal axis 7 of t:-ie motor 1. ^he six coils m 20
are adjacent each ocher. As shown =r. Figure 1 and more c 1 early i_^.
Figure 3 , e_ectr i c current .r: use passes uc one 1 irr~^ 21 e~ the coil
2:, (as shown. by a small ci rcle lra tile drwa~^gs) and down th~ other 1
imw 22 c. teat coy: 20 (as shown by a smal = cross _:~ t:~e drawings) . =he
sl:t colds 20 _ _ w=a ~.C:'?.^.C Oed ~_. Sc''r ___ S~.:CI'1 tr:a~ tr:2 Ba;
TIE Cl~?"=en ~ =-O~dS through each Of ~:'.e C.^.ilS 20. ~IOreOVer, the
COnneCtlOn betwee^~ the six coils 20 is such that the current flow 



t`~=ough pairs c. neig::Lourir~g limbs 2~. or 22 0. adjacent coil s 20 is
ir_ t'.^.e sarr.e directic..^. as i:~dicated in FlgL:?"eS i zs 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. 3~ W:~.ere the motor 1 is a positioner motor for moving the
positioner arm o~ a servowriter, the positioner arm can be   WO 99157796 22
October 2002 PCT/GB99/01318 16 ._ coupled to the cover plate 23 by means of
the screw holes 24. Thus, when the coils 20 are appropriately energised and
the rotor 6 pivots abcut the axis 7, the posit~oner arm is caused to pivot
with the moveme.^.t of the rotor 6. s The motor 1 of the t~resent invention
has numerous adva::tages. Because the coils 20 are nixed, it is not rv`c t
r~ i T~o 1 ~~ a t ~' C ~ssa= j to ..rov_de x_ble power sucp_~ cabl..s c
~.h_ coils 20 and thus no ur:war_ted bias to movement cf tr:e rotor io o
cccurs. where the motor 1 is used in a servowriter to move the positioner
arm, the reduced bias on the r:~tor 6 fac~_~tates contr~cl c_ and improves
the steed of track-tc tract seek and settle. ~s Despite the permanent
magnets 10 moving relat~vQ tc the .^.',agnetiC r=_turr pat:^. member 15,
eddy currents :vrLic:~ a;is~ in the magnetic return path member 15 are pct
a 1 i s used f or icw sne mc-.r`me ~, e= roblem whena the motor ~ ed ^~ the
=.^rt:~i C. ~:'? a S='IOwrlter =vr EXampl, ti.C -`.tCr :'_eC __ On=;
",^.vVE' wltn a^ a::C'.:_aY speec C= less than: C= e"'Lia_ :a a~'JO'.:~ C .
5 radians per S2COrid Cr eVen leSS t~'la:l Or e~L:a~ t0 abcu= 0.1 radians
oe= seco^d. rrlhere the motor 1 is used tc move at such relativel_r low
speeds with the resultant smal= edd, carrents, the magnetic retain path
member 15 does not 



~s Nave to be lamir:ated with insulation materia_, which keeps down the
cost of the motor ~. Indeed, in a servow=ite=, small eddy currents i:: the
magne~ic return pate. member 15 car. be advantageous i.^, that they produce
a smaii damning force which te.^.ds to cause the servowriter posit~oner arm
3o to settle more rapidl'Y once the desired track has beer. located.   WO
99/57796 17 22 October 2002 PCT/GB99/01318 The rotor 6 :gas a high moment
of inertia. Where the motor 1 is used ~., move a servowriter positioner
arm, a hig'.^. inertia rots= 6 has several advantages. In s particular)
vibra~ion of the servowriter positioner arm because o. air b::~~eting
during movement of the positioner arm is reduced. =_ high inertia rotor
allows the use of low cost ball bearincs 3,4 for mounting the rotes 6 on
the Sp=:1''..~a~ a G bar lowe=~.:ua the frequency of the low frequency i~~
pole of t:~e comr_nation o. friction of the bearings 3,4 and the ~.ne=t~a
of tie motor, which allows more rapid and more eas=',r cor_trollab_e
track-to-track seek and settle In a servowrite=. Ba.. bearings are much
cheaper thar_ a=r or liquid ~ bear ings :~::^_ic^ have beer. used in the
past . The i~ soindl a ~ about :;:~icz t:~e rotor 6 rotates has a narrow
diameter. A na=;ow diameter spindle 2 allows t:ne use Gi bearir_as 3,4
wh=o:-! are sma~.l whicrl reduces, t'.^.e friction ari s i ng ~~ t:ne
~..arirgS 3 , 4 , aga'_:~ improving the ooe=at;;,r_al c:~a=w..ter~stics oL
t:~e motor 1 and partroulgs1y r=duc'_ng t._~ sett_~ t~.ae or the rotor o'
and a posi t'oreY arm and ::end a`:=:ced tthe rotor 6. 3ecause the rotor 6
itself ras a rel~=ive'_y large diameter (compared to the narrow cutout
sha=is ef typical prior art torque motors), the tors~onal st_=fness of the
rotor 6 is relatively high. 2~ ^zis resulrs ~n _ high resonant frequency
and thus improved servo bandwidth, Thereby reducing the seek/settle time of
the positwoner a=/product arm combination and allowing the track-to-track
spacing achievable with the servowriter to be decreased. 30  



. 22 October 2002 WO 99I57796 PCT/GB99/01318 to A servowriter positioner
arm affixed to the rotor 6 can be balanced. This allows rocking mode
resonances to be eliminated and a balanced torque is provided by the rotor
6. Torque is transmit~ed directly to the servowriter s positione= arm from
the rotor 6 which results in a high torsional resonant frequency. The motor
1 can be very compact and smal_, allowing it to be fitted into the footp =~
r.t c=esertl y pro-; i 3ed in ccnventiorLal seYvowriters fo= the cositioner
mo~.c=. 1a Az embcdimer.t of the present i nventic:~ has beer. descr_bed
T~:ith particular to the example illustrated. ~iowever, _t will be
acc~reciated that variaticns ar_d mode=icaticns mar be .','~2..de to the
example described wither. S ti^.e scope cf the orese.~.t invertior~.   22
October 2002 -19 L M 1. A low speed moving magnet motor, the motor
comprising: an even number of moving magnets symmetrically s 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 io
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 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. 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 2s 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 3o about the stationary spindle.   22 October
2002 



-20 5. A motor according to claim 4, wherein the bearing includes at least
one ball bearing. 6. A motor according to any of claims 1 to 5, wherein the
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. io 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 r_umber
of stationary coils symmetrically disposed about the longitudinal axis of
the motor for zo 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 2s 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   -21 22 October 2002
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. s 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 lo,
wherein the magnetic return path member is arcuate to maintain a io
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 15 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 2o 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 as 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 3o arm of a storage medium.   



22 October 2002 -22 15. A servowriter according to claim 13, comprising
means for moving a product arm of a storage medium by a noncontact method.
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 io
relation to the coil 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 i5 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 2o 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 readJwrite head mounted on a product arm
of the storage 2s 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 3o 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   A 22 October 2002 -23 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 moving magnet; the method
comprising: providing an electric current to the coil so 5 that the
positioner arm moves with an angular speed of less than about 0.5 radians
per second about said axis. 19. A method according to claim 18, wherein the
rotor is hollow and is mounted for movement about a bearing to 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 i5 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. .AN.AUL.A;
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