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1 g HEAD POSI TI ONI NG SYSTEM FOR MAGNETI C DI SK DRI VES FIRquag‘ "
THE | NVENTI ON This invention relates to data storage systens for use
in data processing systens and, nore particularly, concerns an inproved
head positioning systemfor a magnetic disk drive, particularly, through
not exclusively, a hard disk.drive. BACKGROUND OF THE | NVENTI ON A
hard di sk drive typically includes am actudtor nmechani smconprising a
pivotally nmounted armcarrying one or nore read / wite heads for reading
and recording i nf HPRD POSITIONING SYSTEM FORWVMUNETIE DISK HRIVES!
concentric tracks of one or nore rotating circular magnetic di Sks, having
recordi ng surfaces on opposite sides thereof. An actuator nechani smor head
positioning systemis enployed to nove the read / wite heads in unison to
position them at_selected redial track |ocations with respect to the disk
surfaces. FIELD QELHEINVENTION, of magneti c recordi ng heads and
nmedi a over the | ast decade have pushed the information recording density up
to a point where furt fAdisinygation eetatas to data stewigg sysierpefor upe edhtprocessingi cal
constraints. As the data tracks on the recordi ng surface becones

i ncreasi ngl ¥ denggsterhand)endee phdicilarg conterhd gn Bfprodédheadgisitiohihg) spstem
positioning system beconmes increasingly critical. The actuator has to

mai ntai n trackin ' : e f Laal ,di nces
" The hard-di sk Sir yienle SRS, oaiclafs - iotginol eORMAF o fHasd, isk®
positioning systemto handl e high track density recording in the presence
of mechani cal di 8 bances is to i nprove the servo bandw dth of the system
At the present tine, the servo bandw dth of npbst conventional head
positioning systemis l[imted by the in-plane resonance node of the
actuator mechanism For a typical 3.5-inch hard disk drive, the | owest

i n-pl ane r esonanBACKGRAUND (0t THEOINVIENTIONabout 3 kHz. This is due to
the elasticity of the actuator pivot bearing and the mass of the noving

parts of the actuator A kigheiskedrihrtypitdllySnéliddd! ﬁ%tdmwﬁﬁisﬁ%pﬂsiﬂébbe
referred to as the QR node (qua5|-r|g|g body node) of the actuator. st

hard di'sk dr i ves ,(aday, Y56, Red Bl DOl 65 §0hdre TR thli] 17 LhafmeAGluat o

arm carrying the er, the driving

recording information. Information is recorded on a plurality of concentric

tracks of one or more rotating circular magnetic disks, having recording

surfaces on opposite sides thereof. An actuator mechanism or head

15 positioning system is employed to move the read/write heads in unison to

" position them at selected radial track locations with respect to the disk
surfaces.

Advances in the area of magnetic recording heads and media over the

last decade have pushed the information recording density up to a point where

20 further improvement is likely to be impeded by mechanical constraints. As the

data tracks on the recording surface becomes incréasingly dense, so the

performance of the actuator mechanism or positioning system becomes
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pr oduc¢éd” by a conventional noving voice coil notor has a | arge in-plane
conponent in the

AMENDED  SHEET 2
data seek direction. This creates substantial reaction force at the pivot
beari ng which excites the QR node of the actuator. The QR node,

if excited, causes undesirable vibration &f the armin the data track
seeking direction. Such vibration can significantly reduce the ability of

the actuator to ikgemidghe crifell- Whet Rteaidfasab thilftaieitidk@ipDedcuny tever i he
data track. This is known as "track following error"” to those skilled in

the art. OBIEGle gﬁ%ﬂ?nc%uwt@ﬂa%aﬁaﬁumg}{%b hard dislb-sﬁpse.p.rdr{gc\lvg}?ko obj ect

of the present inv on i's 10 overcoire or east su antial’ly reduce

t he above nentiqned probl ens. According to.th esent invention,
in order to i nprBWE °§€‘H&o°ﬁ)tﬁﬁaﬁiqj?%‘t&“'%s Bt }Baglleﬁﬁléh '”PFB‘ tem the
actuator is arranged to be driven with a force couple which creates pure
torque such as trecesding inithe praserngtofiraenharical \disterbances iis timprpee theaservde

beari ng. Because a force couple applied to a body acts as pure
torque abouj t hebaadwidtkobthesggemof the body, no reaction force arises if _
the body is nmounted for rotation about its centre of nass. The force couple

that i lied to thg agt ' ' | 4h
al 1s applied 10 (Ng gfe %&%&é&% Stftrﬁéehi‘ﬁec ?{r@é‘%ﬁﬁdwﬂd{l{‘ of Bfost 8H/AhAGTI Head NE

present invention creates tirally pure torque on the actuator arm
about Tts BIVOl s B3N e I M s R RURRhar ok of SRS LRof O C°
at the pivot bedioSHgn{g syRemsds fimit iR ie-rle
mechanism. For a typical 3.5-inch hard disk drive, the lowest in-plane
resonance of the actuator occurs at about 3 kHz. This is due to the elasticity
10 of the actuator pivot bearing and the mass of the moving parts of the actuator.
Hereinafter, this in-plane resonance mode will be referred to as the QR mode
(quasi-rigid body mode) of the actuator. Most hard disk drives today use a
moving voice coil motor to drive the actuator arm carrying the read/write
heads. However, the driving force produced by a conventional moving voice
15 coil motor has a large in-plane component in the data seek direction. This
creates substantial reaction force at the pivot bearing which excites the QR
mode of the actuator.
The QR mode, if excited, causes undesirable vibration of the arm in the
data track seeking direction. Such vibration can significantly reduce the ability
20 of the actuator to keep the read-write heads at the centremost part of the data
track. This is known as “track following error” to those skilled in.the art.
I
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the arm This allows the actuator to position the read-wite head with
greater precision than is possible with existing actuator arrangenents.
According to the present invention, there is disclosed an actuator arm for
positioning one or nore read / wite heads at selected redial positions of
a data storage disk, said actuator arm being pivotally nmounted and havi ng
associ ated therewith an el ectronic notor adapted and arranged to apply a
force couple to said armsuch as to create substantially no reaction forces
at the pivotal nmounting of the arm wherein said notor conprises first and
second operative parts disposed symetrically on opposite sides of the
centre line of sajg i | unting, one of said
parts being adap‘c ]ﬁéfg@@@3i@ﬂ"@@é@ﬁgﬁﬁggﬂ§455éﬁi§!%&?orce ina first
direction and the other of said parts being adapted to

3 generate el ect r omadheprisgipalyobiect of the nresent nsention igite everrene eppblenste t o
said first direction, said forces applying to said actuator arma force
coupl e as af orsahlmbstundalrty'medmterthsabcdvea‘remiomdgnoldemk.l y T-shaped, said pivotal
mounting is located in the part of the armcorresponding to the upright of

the T-shapesand said fAcesidinntb $1%:gftdempavaﬁionelmera& ff uﬁ}h‘@véniﬁ@rseﬁ@”p” se
respective spaced apart parts of the armthat corresponds to the

cross- nenber of [ tar

havi ng respect i ve cor par fhe lseagcpocfmw"l )gpe M ét&%ﬁgté‘gﬁ’ 19%1&?1%& 70pe
cross-nenber part, .of the T:shaped, a nd arran ed for co-operation with
respective magnef EV%}?(EE Oupteowﬁ]pgaﬁea&tw dwqgeﬁadhét F%gwﬁtfé%ertar yoke
of the notor. Sai d spaced apart coil parts conprise opposite ends
of the same coi | substantially ncsegetionfatess abiharbearing. | parts conprise separate
coils. Sai d magnets are curved in the plane of pivotal novenent of
the arm generally on Betadedfofceesuploappliedadalbodyiastsab pifectodque about the The
two hal ves of the cross-nenber part of the T-shaped armformw th each

other an ingl udegerRObEmak JrefSbddiaRo }8RALP Forkd riseh HBheboldP R MbAREd fg}rrber
part that is opposite the upright part of the T-shaped arm

magnetic materia DI 0L e ort|o i.ch xtend through
said coil parts gcﬁét?por%;uodgs p 't?eoa r%el 05’\/ dcoclgﬁ th\égr% &rp led to theSa' d
yoke portions are curved in l.an i vot novenent of the arm
general |y on a r 3gIPHST i1 8FROF cpl"Y}B’t &1 tgaghangs o tth% PEGSRqt invention esgatgs dngnet s
are supported in opposed relationship by said yoke portions which are
substantially pure torque on the actuator arm about its pivot axis. As a result,

there is no substantial reaction force at the pivot bearing to excite the QR
15 mode of the arm. This allows the actuator to position the read-write head with
greater precision than is possible with existing actuator arrangements.

The foregoing and other features of the present invention are set forth
in the appended claims and will be explained in the following by reference to
specific exemplary embodiments wherein, not only are reaction forces on the

20 pivot bearing of the actuator arm substantially eliminated so as to permit the
actuator to operate with higher servo bandwidth without exciting its QR mode
during high frequency track following operations, but also the windings and
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above ‘and bel ow said coil parts. Sai d magnets are thin | am nar
magnets formed of a high magnetic strength material, for exanple rare earth

transition nmetal nmagnets. The pivotal nounting is |located at the
centre of mass of the arm According to the present invention, there
is also disclosed a disk drive for data processing incorporating an
actuator arm as descri bed above. Acdording to the present invention,

here is al so disclosed a data processing systemincorporating a disk drive

with an act uat or ther perafanélt ShigreadoiieVRtuator arm mbier hier £HzBd saNflaOfHeer
features of the present invention are set forth in the appended clainms and

w Il be explaine I fi

enbodi ment s vvherfeillrhIEIB ?&ﬁerﬁféj B’Wtﬂﬁgrngéé(o:{ ?%ES[I o%g'gs!? Lﬁﬂsﬁ{e’ ¢ an%fe%gpof f}%g of
E)ggr g;: ;u\?\: ? L ﬁlr g]ﬁligl,Ju St B4 Ioglgkﬁwe%{nhmﬂrt%gpmosrg igsthé Sesgl%erc? émgorgllemgnctg gfa ;[h%r to
4 wthout excitjng |ts QR node during high frequency track follow ng
operations, but Hverfiam,fous substantial dingar ¢ail partionn avet utitiseh forsdeyeloping thet uat or
armnotor are arranged so that the torque generated by the notor is

subst anti al By unfdree coupbgactitigassthe firrh wehichp gsinall be esplaihed) mdxithizes thendoil
Furthernore, in the described enbodi nents of the invention, four

substanti al | i neasiliafbh amﬁﬁﬁrb%&h@emcfeawﬁﬁéri ofr, devel opi ng the force
coupl e acting on the armwhich, as wl e explalned, maxim ses the coil
utilization and inproves the efficiency of the notor. DESCRI PTI ON OF THE
DRAW NGS FIG 1 illustrates a prior art noving voice
coil actuator or posi tioni ng system FI G
2 is a view fror N OH LHE DR 28t rative embodi ment of a

di sk drive incorpor at| ng a first enbodi mrent of the present invention;

FIG 3 is an isonetriFlGi éwlloftratése agprieratnr maving avalcen soid cichiator ¢ i head

10 positioning system;

FIG. 2 is a view from above of a simplified illustrative embodiment of a
disk drive incorporating a first embodiment of the present invention;

FIG. 3 is an isometric view of the actuator arm and associated drive
motor of the disk drive shown in Fig 2;

15 FIG. 4 illustrates the magnetic circuit of the embodiment of Figs 2 and
3, the symbol @ indicating a force F, directed out of the plane of the drawing
and @ indicating an opposed force Fa directed into the plane of the drawing;

FIG. 5 illustrates how a force couple is exerted on the arm when the
coil is energised in operation of the embodiment of Figs 2, 3 and 4;
20 FIG. 6 illustrates a variation of the first embodiment where the yoke of

the actuator arm drive motor is formed as a single piece instead of two pieces

as shown in Figs. 2, 3 and 4; —
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notor of the disk drive shown in Fig 2; FIG 4
Illustrates the magnetic circuit of the enbodi nent of Figs 2 and
3, the synmbol [err] indicating a force FA directed out of the plane of the

drawi ng and [err] indicating an opposed force FA directed into

t he plane of the draw ng; FIG 5 illustrates how a force
couple is exerted on the arm when the 5 coil is energised in
operation of the enmbodi nent of Figs 2, 3 and 4; FIG 6

11 ustrates a vari ati gcof iiiafralds ShuRPORAITRNGE HOFEE SIRANRLE Hlere the

the actuator armdrive notor Is orrre a single prece 1nstead of two

pi eces as shaown. i S. . FlIGg 7
i 1l ustrates anot FtoRSgi 'éle‘HrFOO'*g te H%ﬁqﬁq“sapg]@ibo'ﬁﬁﬁ%hﬁs%ere the notor coil
is bent so as to define an angle O | ess than 180[err]; FIG 8

schematical l'y illustrdi6s Saschemotichlly ilustiiatesrat sexbnd freenbodizsmntof thenpeesenton by
reference to its magnetic circuit, the second enbodi nent using two coils

i nstead of one, vehtion by refefence it6 its Undgheti® cirbuif)thd secndSerbsiihénd sihgt he
sanme sense in order to generate torque on the act uat or arm and

FIG 9 illusratgg, Q:o}‘[@fdsféta& QF oﬂrf:, \Lllﬂ?th%ee(f&% &H‘pé?]gé TB8Yh Wﬁo&ﬁl& in the

same sense in order to generate torque on the actuator arm; and
FIG. 9 illustrates a variation of the second embodiment where the
electric currents in the two coils flow in opposite senses in order to generate
torque on the actuator arm.
10 DETAILED DESCRIPTION OF THE EMBODIMENTS
The principle of operation of a conventional head positioning system
for a hard disk drive, as well as its main components, is illustrated in FIG. 1. A
conventional motor, indicated generally by the number 1, applies a pair of
magnetic forces Fa to the end of the arm 2. Unless otherwise stated, the term
15 “arm” is used to refer not only to the arm itself but also to the other elements,
such as the head assembly 3, that are attached to and move with the arm,
contributing to the moment of inertia of tl_le body that the motor drives.
The arm is mounted on a pivot bearing 4. The force Fa acts at a
distance from the pivot axis to create a torque to move the arm. Since the arm
20 does not translate but rotates about the pivot, a reaction force Fy arises which
acts against the bearing 4. In a conventional system, this bearing reaction

force Fr limits the bandwidth. This is because the motor 1, when driven by an
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el ectric currents in the two coils flowin opposite senses in order to
generate torque on the actuator arm DETAI LED DESCRI PTI ON OF THE

EMBODI MENTS The principle of operation of a conventional head
positioning system for a hard disk drive, as well as its main conponents,
is illustrated in FIG 1. A conventional notor, indicated generally by the

nunber 1, applies a pair of magnetic forces FA to the end of the arm 2.
Unl ess otherw se stated, the term "arm' is used to refer not only to the

armitseli but al ?t‘émtaﬂr% Qﬁ%’%%&l{lg ltlt%%rg—%lﬁxwing,%ih %ilﬁ%ﬁ&eamﬁ?eqnﬁg%&%&

that are attached to a arm “cont uting to t of
i nertia of the body thaf the tor .driyes.. . The._.armis.nounted on a
pi vot bearing 4. r‘#?é‘of‘o & l’—WA‘r'ngt%c'%?F t&e Rivet beavings 1 MOIAtE #f USiresonant ¢ o
create a torque to nove the arm Since the arm does not translate but
rotates about thdieguensy, alheesesuiting vibration PR W thee daighpeskingadirectionapntst t he
bearing 4. In a conventional system this bearing reaction force FRIimts
the bandw dt h. Thheérefoge balt affie thidyRetision bf Headwlositiogingven by an

5 FIG.2 illustrates the main components of a disk drive incorporating a
head positioning system according to the present invention. The arrangement
includes a housing 5 which protects and forms a base for the other
components. A spindle motor (not shown) is arranged to spin a plurality of
memory disks 6 mounted with spacing one above another. A read/write head

10 7 comprising a plurality of discrete read/write elements (not shown) is
mounted on the end of a suspension 8, which is in turn mounted on the end of
an arm 9. The arm 9 is mounted on a pivot bearing 10 which allows the arm to
rotate about the pivot axis in the plane of the paper. To reduce the moment of
inertia of the arm, it is preferable that the centre of mass of the arm locates on

15 the pi\}ot axis.

The arm 9 is generally T-shaped and has associated therewith a drive
motor indicated generally by the number 11 which includes an elongate
rectangular coil 12 rigidly attached to the part of the arm which corresponds to
the cross-member of its T-shape such that the coil axis (the axis of the coil

20 perpendicular to the coil-winding plane) is aligned and parallel to the
longitudinal axis of the part of the arm 9 which corresponds to the upright of

its T-shape. The coil 12 has substantial portions of its winding located on the
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alternating current during track-followng, will generate an alternating
bearing reaction force which excites the pivot bearing to vibrate at its
resonant frequency. The resulting vibration is in the data seeking
direction and therefore will affect the precision of head positioning.
FIG2 illustrates the main conponents of a disk drive incorporating a head
posi tioning system according to the presenf invention. The arrangenment

i ncludes a housing 5 which protects and forns a base for the other

conmponents. A spieidhe righi @de 6Nk IGIRWEIhall axisTiteWar) phialldponheplphaofthety of
menory di sks 6 mounted Wi th spacing one above another. A read/wite head 7

compri sing & bl Ugglettnole SaGHeanE BRI hirfinG & TERNLGACREL a5 BRIER ool

mount ed on the of a suspensi on Is in turn nounted on the end

of an arm9. The,atm9 is unte on a.pivot be t he
armto rotate aBB@ng Ut ANGS 'Ee Hﬁgtscq'hwf aa[ﬁ %opa yﬁaﬁsegé]a%}‘ uce

the noment of inertia of the arm referable that the centre of mass
of the arm | ocat medef magnetis mfcerwuase ﬁxe to the Ppse ér‘PnR?sit@“ﬁéH&f 3819
T-shaped and has associated therewith a drive notor indicated generally by
the nunber 31 whisbpérand ressstioely slithnthateft andedghirogill windipgiparts 2s illugtratied
attached to the part of the armwhich corresponds to the cross-nenber of

its T-shape such £PIG 328 ch fidkBhatthSa Qlrvéd)Préjetting peiabpaitcfl ar to
the coil-w ndi ngn{g arr;llg?ﬂels al(:}gned a}(rﬁ;c]i&pgr aF r?’o f.phej@ I ogngl tudlpnal axi s

of the part of t pe%tangmar cny(\iigs-sectx%g "wisic OGsas! thoH:Eﬁ lt‘s')%ro-(ﬂm'atﬂl% coil winding

part with relatively narrow spacing therefrom and having upper and lower
parts which are similarly curved and are spaced respectively above and below
10 the central part with the coil winding extending through the upper and lower
spaces between the central part and the upper and lower parts. A pair of thin,
laminar permanént magnets 14a, 14b and 15a, 15b, which may for example be
rare earth transition metal magnets such as Nd-Fe-B or Sn-Co based magnets
and are curved similarly to the upper and lower yoke parts is fixed to each
15 yoke 13a and 13b respectively, one on the inner surface of the upper part of
the yoke and the other on the inner surface of the lower part of the yoke, such
that the gaps between the magnets and the coil windings is very small.
FIG.4 shows the magnetic circuit of the first embodiment of Figs 2 and
3. The magnets 14a, 14b and 15a, 15b, together with the yokes 13a and 13b
20 respectively create strong magnetic fields 16 which pass orthogonally through
the left and right coil winding parts. Control circuitry, designated CNTL in Fig

2 and not described any more fully herein since it can be conventional, supplies
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Its T-shape. The coil 12 has substantial portions of its winding | ocated on

t he | eft and right side of the |longitudinal axis of the arm
parallel to-the plane of the paper. These portions of the coil wll
herei nafter be referred to as the left coil wnding part and the right

coil wnding part. A pair of yokes 13a and 13b nade of magnetic materi al
are fixed to the base 5 in positions such &s to co-operate respectively
with the left and right coil winding parts as illustrated nore clearly in

FI G 3, each yokegl@aiédd@uietUbMRel coipllD] @3t ¢haggiag the strengtir sandopolamtyatfahgul ar
cross-section which extends through its co-operating coil wnding part

with relatively %&pwt}%ogs}g% E#&ﬁ@%r&m A0drmaY i the $HRBETamdndirk@ia’ of parts

which are simlarly Curve are spaced respectively above and bel ow the

central part with the coi.l, wi ndi ng _ext i ng 1t hr.ough wer
spaces between tFRVERHYE Pgrhwqat(yﬁdn&wgr}ﬂﬁ%ﬁrgﬁﬁe ﬁgm'%&%gggfgth%ﬂg%i? of
thin, |am nar pernanent marﬁgqnets 14a, 14b and 15a, 15b, ,Wnihch for

exanpl e be r ar erelative ot the sisks jn Whanapn gleginet @iresnt flogs 1Rthg£o '%ﬁ-Co
based magnets and are curved simlarly to the upper and | ower yoke parts

i s fixed tos5eachinteysdtion bdtweendhd slectranzgnetic fiekdydevelnpedoby thesurmnteandsthe f ace
of the upper part of
magnetic field developed by the magnets creates a force couple, as illustrated
in FIG.5, which drives the actuator arm 9 with pure torque about its pivot axis
10. By driving the actuator arm 9 in this way, the effect of reaction forces on
the pivot bearing of the arm is sﬁbstantially eliminated, thus allowing the
10 actuator to operate at higher servo bandwidth without exciting its QR
vibration mode during high-frequency track following operation.
It can be seen in Fig 2 and in the hereinafter described embodiment of
Fig 6 that the central and upper and lower yoke parts which interact with coil
12 and the magnets 14a, 14b and 15a, 15b are curved generally on a radius
15 from the pivotal axis of the actuator arm in the plane of movement of the arm.
This ensures that the magnets react uniformly or substantially uniformly with
their respective coil winding parts throughout the full range of operating
movement of the arm, namely those movements which translate the head 7
across the disks 6. The motor can thus drive the actuator arm with uniform
20 torque over the entire range of operative angular positions of the arm. The use

of relatively large area magnets 14a, 14b and 15a, 15b which interact with

correspondingly large sections of the coil 12 also ensures optimum interaction

—_—
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t he yoke and the other on the inner surface of the |lower part of the yoke,
such that the gaps between the nagnets and the coil windings is very

smal | . FI G 4 shows the magnetic circuit of the first enbodi nent of
Figs 2 and 3. The magnets 14a, 14b and 15a, 15b, together with the yokes
13a and 13b respectively create strong magnetic fields 16 which pass
orthogonally through the left and right cdl w nding parts. Control
circuitry, designated CNTL in Fig 2 and not described any nore fully

herein since it Ofwbé 8RS éti%nﬁ’éld apHRRE iR developed by current flow in the
81 el ectrical current to the cor 12. By changing the strength and

polarity of the cupl gty diBe RRALI Bk o6l LENLELY of 3fe SSOELPHATor IS maged and

direction of novenen € ac arm an M A ment
of the head 7 reI ative to th drsks When an electric c rren&leé\‘; Ws in

6
the coil 12, the theMAIPLECIGATiGEIWeE far of the yPkitakitctndc] sBped
by the current and the magnetic field devel oped by the nagnets creates a
force coupl e, as spatingtfremghe doil 12 @s6, engiries tthatr the ediskshé axe tamdt onnimally 9
Wi th pure torque about its pivot axis 10. By driving the actuator arm9 in
this way, the effapossf to ers) n@néiy Gelds Ghic Righi ohervisAatormgptodiskk liataar m i s

substantially elimnated, thus allow ng the

Additionally, the fact that the coil 12 has its left and right coil winding parts
located on opposite sides of the longitudinal axis of the actuator arm and
co-operating with likewise oppositely located yokes 13a and 13b means that
the motor constituted by coil 12 and yokes 13a and 13b develops only forces
10 such as to rotate the actuator arm about its pivotal mounting, whereby higher

torque can be generated with increased motor efficiency.
As a variation of the above described embodiment, the motor can have
a one-piece yoke as illustrated in FIG.6 instead of a two piece yoke. As will
be readily understood, the use of a two piece yoke rather than a one piece
15 yoke enables the magnetic circuits of the left and right winding parts to be kept
substantially isolated from each other, which may be advantageous in certain
circumstances, for example where the left and right winding parts are formed
of separate windings as is described hereinafter with reference to Fig 8.
Another variation of the first embodiment is as illustrated in FIG.7 where the
20 coil 12 is formed with an included angle © less than 180°. This coil

configuration allows the pivot 10 to be placed nearer to the edge of the disk 6,

thereby reducing the overall moment of inertia of the arm about its pivot axis.
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actuater to operate at higher servo bandw dth wi thout exciting its QR

vi bration node during high-frequency track foll ow ng operation. I t
can be seen in Fig 2 and in the hereinafter described enbodinent of Fig 6
that the central and upper and | ower yoke parts which interact with coi

12 and the magnets 14a, 14b and 15a, 15b are curved generally on a radius

fromthe pivotal axis of the actuator armil@ the plane of novenent of the

arm This ensures that the magnets react uniformy or substantially

uni formy with g this’ @ARGHRENE thOfdrce\bddlAi RAthE Hividd aRid S Wot bEG furd |
range of operating novenent of the arny nanely those novenents which

translate the head 7 Clo t he, di,sks, 6. The [o] Ao t o drive t.he
actuator arm w tﬁtofﬂ'ﬁef %an‘tsﬁ’(?r Hgle 8vléfkelpf1é’“ nf'iqﬁge H?ﬁgﬁa%plégpe §t9e9Hng
angul ar positions of the arm The use of relatively |large area magnets
14a, 14b and 15a,reagipnvfereshcannheemade insignificantoandetbp eduaniagey deserihed 2beve ons
of the coil 12 also ensures optinmuminteraction bet ween the

magnetic field anslilltshll beiobtaihedevel oped by current flow in the w nding and
this enhances the coil utilisation of the actuator notor and nakes the

motor nmore e§ficient. ARgcdnaleMbRliinidhe of BESFestiBnidition RailaaktddRIFIGS By e
reference to its magnetic circuit, other features béing as described for the first
embodiment. In this embodiment, two coils 12a and 12b are used instead of
one and the electric currents flowing through the two coils are directed in the
same sense, namely they both flow clockwise or anti-clockwise as viewed from

10 the arm tip. A variation of the second embodiment is illustrated in FIG.9 by
reference to its magnetic circuit. Here, the electric currents in the two coils
flow in opposite senses.

Having described the invention by reference to specific embodiments, it
is to be well understood that the embodiments are exemplary only and that

15 modifications and variations thereto will occur to those possessed of
appropriate skills without departure from the spirit and scope of the present
invention as set forth in the appended claims. For example, whereas the
described embodiments are single-stage actuators, that is to say they.employ
only one motor to drive the actuator arm, dual-stage actuators have been

20 proposed in which a secondary motor is provided at the tip of the actuator arm
in addition to the primary motor provided at its pivotally mounted end, the

secondary motor being driven to effect fine movements of the arm and thereby
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spacing fromthe coil 12 also ensures that the disks 6 are only mnimally
exposed to stray magnetic fields which m ght otherw se corrupt disk data.
Additionally, the fact that the coil 12 has its left and right coil w nding
parts |ocated on opposite sides of the |ongitudinal axis of the actuator
armand co-operating with |ikew se oppositely |ocated yokes 13a and 13b
means that the notor constituted by coil 1P and yokes 13a and 13b devel ops
only forces such as to rotate the actuator arm about its pivotal nounting,
wher eby hi gher : i I : ffi @] y.

Ao o Vari ati on of i (R0 CurRRy AR LAY Sl el 16 BRAGR iRhfen & drpLAE)
one- pi ece yoke as il lustrated in FIG 6 instead of a two piece yoke. As wl|l
be readily under2?3%&1é¥%§m§%8m8w0§“two pi ece yoke rather than a one piece
yoke enabl es the nmagnetic circuits of the left and right winding parts to
be kept substantially isolated fromeach other, which may be advant ageous
in certain circunstances, for exanple where the |left and right w nding
parts are formed of separate windings as is described hereinafter with
reference to Fig 8. Another variation of the first enbodinent is as
illustrated in FIG 7 where the coil 12 is formed with an included angle O
| ess than 180[err]. This coil configuration allows the pivot 10 to be

pl aced nearer to the edge of the disk 6, thereby. reducing the overal

nmonment of inertia of the armabout its pivot axis.
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10 For this configuration, the force generated at the pivot axis will not
be a pure torque, but if the angle O is kept only a little less than
180[err], the bearing reaction force can be made insignificant and the

advant ages descri bed above wll still be obtained. = T —A-second——
enbodi nent of the present invention is illustrated i nF_FI G 8 by reference
to its magnetic circuit, other features being as desc t#Has Beem Beplaceds t

enbodinent. In this enbodiment, two coils 12a and 12b i & ’ d of
one-and the electric currents flow ng through the two ted in
the sanme sense, nanely they both flow clpgckw se or anti-cl ockw se as
viewed from the armtip. A variation of the second enbodinent is
illustrated in Ficg Qig. reference to its magnetic circuit. Here, the

electric currentSTn the two coils flowin opposite senses. Havi ng
descri bed the inyentign by Jseferepce.to_specific enbodinents, it is to be
wel | under st ood ;ihat ?Heoéﬁ%‘b&i Hﬁﬁt&'% gorggéﬁppmssb‘}ﬁ’yarhr?&“{amit arm for

modi fications and vagriations thereto will occur to those possessed of

appropriate ski | PSSHPRIAG Qne 98 mare tead/ writgrheadvatsislacted radial pesiienseff a data
present invention as set forth in the appended clains. For exanple,
whereas the desétoragaidiskyiseidi avtunter amebeingpivetally anpingett amedt leaving dsbadiated t 0
say they enpl oy '
5 therewith an electric motor adapted and arranged to apply a force couple to
said arm such as to create substantially no reaction forces at the pivotal

mounting of the arm.

2. An actuator arm as claimed in claim 1 wherein said motor comprises
10 first and second operative parts disposed symmetrically on opposite sides of
the centre line of said arm passing through said pivotal mounting, one of said
parts being adapted to generate electromagnetically a force in a first direction
and the other of said parts being adapted to generate electromagnetically a
force in a second direcﬁon opposite to said first direction, said forces applying

15 to said actuator arm a force couple as aforesaid.

3. An actuator arm as claimed in claim 2 wherein said arm is generally
T-shaped, said pivotal mounting is located in the part of the arm corresponding
to the upright of the T-shape and said first and second operative parts of the

20 motor com;_)rise respective spaced-apart parts of the part of the arm that

corresponds to the cross-member of the T-shape. l IIIIIII I"I" III" "III ” l"l
* c L M s *
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only one notor to drive the actuator arm dual -stage actuators have been
proposed in which a secondary notor is provided at the tip of the actuator
arm in addition to the primary notor provided at its pivotally nounted
end, the secondary notor being driven to effect fine novenents of the arm
and t hereby I ncrease the bandwi dth of the actuator, and the
present invention is applicable to such dual-stage actuators.

CLAIMS 1. In or for a disk drive for data processing, an actuator arm
(2) for positioning one or nore read / wite heads (7) at selected
redi al positions of a data storage disk, 13aid actuator arm (2) being
pi votally nounted and havi ng associ ated therewith an el ectronic

motor (1) adapteql andAgracaR@sitarhPaPfRImedan|Pime GRERE tHeOmSRIr ¢s @midvigg Such
as to create substantially no reaction forces at the pivotal nounting of

the arm (2), ol 8" e Pisfedtith Yoil (phbes SRS £faRe FohP bachStn8°6R Mk
operative parts di spose
cross-member part of the T-shaped arm and arranged for co-operation with

respective magnets spaced apart from each other on a magnetic material yoke

5 of the motor.

5. An actuator arm as claimed in claim 4 wherein the spaced-apart coil

parts comprise opposite ends of the same coil.

10 6. An actuator arm as claimed in claim 4 wherein the spaced-apart coil

parts comprise separate coils.

7. An actuator arm as claimed in claim 4 or 5 or 6 wherein said magnets
are curved in the plane of pivotal movement of the arm generally on a radius

15  fromthe pivotal axis of the arm.

8. An actuator arm as claimed in any of claims 3 to 7 wherein the two
halves of the cross-member part of the T-shaped arm form with each other an

included dngle of less than 180° on the side of the cross-member part that is

20 opposite the upright part of the T-shaped arm.

AR 0 R AR
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symetrically on opposite sides of the centre [ine of said arm (2) passing
t hrough said pi votal nounting, one of said parts being adapted to

direct

ion _.and-the

generate el ectromagnetically a force in a first

ot her of said parts being adapted to generate el ectromagnetically a

force in a second direction opposite to said first diregf
forces applying to said actuator arm (2) a force couple
wherein said arm(2) is generally T-shaped, said
| ocated in the part of the arm (2) corresponding
the T-shape and said first and second operative

i

parts

H%egn laced

AMRATIAT, -

of the rmtor

(1) conprise respective spaced-apart partyg of the arm (2) that

corresponds to the cross-nenber of the T-shape. 2.

An ac

tuator arm as

claimed in claiml whairehtubfe 4R Q5 lein)neﬂsmaar{?ﬁf'%xﬁlg'i tB08 Qlherein the
havi ng respective coil parts (12) spaced apart ‘fromeach other on the

W ih T especti ve naé"&?"*at%'tme SRTERSE R MerRfs BARE Khich Svend RlEGREL ¢

mat eri al yoke of t

An actuator arm.as clained in claim?2

wherein the spacSid§ BEB?“%B‘H poftippgaboygand below Saefb?@j}pagés opposite ends of

the sane coil. 4. An actuator armas clained in claim2 wherein the

spaced-apart coil parts conprise separate coils.

5.

An act uat or

armas clainmed in claim2 or 3 or 4 wherein said nmagnets are curved in
the plane of pivddal Amvanendr afm kielained pecisingd Wwhepéinaaidagbkeportien® drbe

pi votal axis of the arm

13 6. An agdrvad ﬁfth%rﬁlﬁr@%ffﬂl\%tﬂerﬂowl'é?n&\lt JF MelarhPgeneWIf' & Drddiifs R
hal ves of the cross- menber part of the T-shaped aim (12) formvmth

each ot her an '”ﬁllelb‘ii\ﬁﬂala&@&tﬂéanln?ss

11.  An actuator arm as claimed in claim 9 or 10 wherein said magnets are

10 supported in opposed relationship by said yoke portions which are above and

below said coil parts.

12, An actuator arm as claimed in any of claims 4 to 11 wherein said

magnets are thin laminar magnets formed of a high magnetic strength material,

15. for example rare earth transition metal magnets.

13.  Anactuator arm as claimed in any of the preceding claims wherein the

pivotal mounting is located at the centre of mass of the arm.

20 14. A disk drive for data processing incorporating an actuator arm as

claimed in any of the preceding claims.
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than 180[err] on the side of the cross-nenber part that is opposite the
uprlght part of the T-shaped arm 7. An actuator arm as cl ai ned
inclaim2 to 6 wherein the magnetic material yoke of the notor (1)
conprises portions which extend through said coil parts and portions above
and bel ow said coil parts. 8. -An actuator armas clainmed in claim?7
wherein said yoke portions are curved inRsthe pl ane of pivotal
novenent of the arn1(2) generally on a radius fromthe pivotal axis

of the arm 9l15.  Andatapoetessingsysteas incbaponmthgiadisk diive s clsinfediheRghn sai d
magnets are supported in opposed rel ati onship by said yoke portions
whi ch are abovel2and bel ow said coil parts. 10. An actuator arm as
claimed in any of clainms 2 to 9 wherein said nagnets are thin

| am nar magnets formed of a high nmagnetic strength material, for exanple

rare earth transition netal nmagnets. 11. An actuator arm as
claimed in any of the preceding clains wherein the pivotal nount i ng
is located at the centre of mass of the arm 12. A disk drive for data
processi ng incorporating an actuator armas clains in-any—-ef-the

precedi ng cl ai ns. 13. A data processing systemincorporating a disk
drive as clainmed in claim10. . This Sheet Has Been Replaced
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