2221561 Pl VOT' . MECHANI SM FOR ROTARY DISC DRIVES The present invention

rel ates generally tothe field of disc drives incorporating rotary
actuators. Mdre par- ticularlty, the invention relates to an inproved pivot
mechani sm for a rotational head positioner assenbly. Disc drive nachines
record and reproduce |nformat|on on a recordi ng nedia; Q@rzmge erally
takes the formof circular information storage discs hav licity
of concentric tracks. Conventional Wnchester type disc drives 10

i ncl ude’ a plurality of vertically aligned rotating informa- tion storage

di scs, each having at | east one associated magnetic head that is adapted to
transfer i nformation between the .disc and an external system Each head is
carried by an elongated flexure arm The flexure arns are 15 vertically
al i gned and are .each attached to a centor head positioner assenbly. The
head positioner assenbly may be either rotationally nounted, or nay take
the formof a linear carriage that is free to nove back and. forth along a
single axis. In rotary nounted head positioner assenblies, 20 a voice
coil notor rotates the head positioner assenbly about a pivot .nechanismto
precisely position the heads relative to the nmagnetic dISCS Due to the
preci se positioning requirenents of -the read/wwrte heads._the head

posi tioner assenbly nustd9d MLCHANLSIG RO AR L HRBER 0t mechani sm
must of fer high -2- precrsron and reliability, together with | ow

nechanrcal resrst nce |n {dﬁ% Bﬂéﬁ'?%igﬁggﬂﬁﬁﬁ. ggag ¥rbeﬂ%<¥¥%fgtéyr1

thjdrrve.
disc d:;ves lncorporating rotary actuators. More par-
ticularly, the invention relates to an improved pivot
mechanism for a rotational head positioner assembly.
5

Disc drive machines record and reproduce information on
a recording media. The media generally takes the form of
~circular information storage discs having a multiplicity of
concentric tracks. Conventional Winchester type disc drives
10 include a plurality of vertically aligned rotating informa-
tion storage discs, each haiing at least one associated
magnetic head that is adapted to transfer information

L between the disc and an external system. Each head is
‘carried by an elongated flexure arm. The flexure arms are
15 vertically aligned and are each attached to a common head

positioner assembly. The head positioner assembly may be
either rotatmonally mounted, or may take the form of a
11near carriage that is free to move back and forth along a
51ng1e axis. In rotary mounted head positioner assemblies,

20 a voice coil motor rotates the head positioner assembly
about a pivot mechanism to preczsely.pos1tion the heads
relative to the magnetic discs.

Due to the pteciée pbsiéioning requireﬁénts of the
read/write heads, the head positioner assembly must be
25 finely balanced and the pivot mechanism must offe: high



access speed and nore nenory storage within a conflned 5 . space ' In

hi gh speed conpact "disc drives, such as the 3 1/2 i nch drives. now b660n1ng
popul ar, if any of the drive's conponents have primary resonant frequencies
under approxi mately 5 Khz, mechani cal novenment within the drive wl|
occasionally incite the resonant 10 = 2frequenci es during nornal operation
whi-ch can limt the drives perfornmance and/ or generate undesjrabl e noise
whi ch gi ves the appearance of an: inferior quality -product. The piyot .-
mechani sm t ypprecigioncanderedipbil ity 1 5ogethez; With Jouimachanieal &

prel oaded to PéQQEtaﬁcQa|§HCSr&EQ ﬁésﬁﬁhhhlseﬂmhduﬁﬁﬂfﬁbiéeﬁﬂﬁﬁ&tfens '
encount ered in_nanuf act ur.i nt.ai.ni ng _con ogds even over

wi de thermal YhERAR; BRe. d?ﬁ%@ |n§aﬂ ﬁvﬁﬁoﬁQEéi €i¥e§%§5.$%513+ Q%F a 20
disc drive S)@éé@sbaspaedaahdaﬂoresmemonyngtmgd)Imﬁhrm posconpined a

plurality of transduc t di e thin a
di sc hdusi ng, SPRE® heagn g%‘?ﬂ 8é§F&a§é§E%l%§' fi?f%g ?ﬁr}gréa?ro JEab e g?%mot -
housi ng t hat $a1/2einCheeruasdncwrbescmlnghvﬁwglaﬂwa#ﬁn%n& eofttheor -
conprising a ' a c t shaft
that is rigi O‘F *yfléxggggﬁﬁbﬁ&%% %/1%{/8 gglﬁﬁé r%%%ﬂag{n‘%sﬁ%@%%??%? spaced

apart bearlng@n@%EhaREVFﬁgm%EGEY ? aFB%, tﬂgF §Pé°§&h IHERRR o t he
rotatabl e pi vole h@k$vaowst1 occé@ﬂohamiy Iﬁeitet leate fzreescmﬁmol vel y bonded

to the fixed pivot shaft; preload neans reSS| utmerd%%ﬁbn t.he outer

bear i AP r acesERRAPPRCLER IPTLNG HAFAY tBPFﬁﬁ 5900 <9 iR t e h a

selected prehﬂ@ﬂvdurpegfaﬂh&nceeahdﬂdrngenéhatpruhda&ﬂnabﬁa|nuisehng a ;;

spacer 35w @bgig“giﬁgsaéﬁgt %g bk Pasa Eﬁwi»%zt %asm“fd apart

'bearlngs avi ng a er t
product.
The pivot mechanism typlcally 1nc1udes a pazr of
15 . bearings that must be preloaded to properly balance the

assembly. One problem frequently encountered in
manufacturing- 1s malntalnlng con51stent preloads even
~over wide thermal variations. ' R

_ This invention prov1des a rotary actuator for a

20  disc drive system having a head pos1tion1ng assembly

' for positioning a plurality of transducer heads
relative to recording media located within a’'disc '
housing, the head positioner assemhly'inCIﬁdiné"a'

" rotatable prOt housing that carrles the transducer : _ \¢)

25 heads, the rotary actuator comprlslng a prOt mechanlsm
that includes: a non-rotatable prOt shaft that’ 1s
rigidly fixed to the drive houslng ‘at both ends, a pa1r
of spaced apart bearlngs each hav1ng outer races that
are adhe51vely bonded to the rotatable’ plvot houSLng

30 - and inner races that are adhes1ve1y bonded to the fixed
pivot shaft, preload means for pre551ng outwardly on
the outer bearlng races durlng adhesive bondzng to the
pivot housing to maintain a selected preload durlng

_ adhe51ve bondlng, the preload means 1nclud1ng a spacer

35 Journaled about the prOt shaft between the spaced
apart bearlngs, the Spacer having a dlameter that is
less than or equal to the diameter of the bearlngs,'

»



less than or equal to the dlaneter of th bear.i ngs; - 3- mhereln the
fixed pivot shaft'and the rotﬂtabre ‘pi'vot -housing are both fabricated from
the sane material to minimse preloading variations during adhesi ve bondi ng
of the outer races and the pivot shaft maintains a.5 . constant di aneter
bet ween the bearings to maxinise stiffn8s3. “For exanpl e said prel oad nmeans
nmay conprise a pheredh BhéleixeaepW&shes&dﬁﬁﬂanaﬂﬁhénﬁdtﬁﬁhﬁlet pevett er

race diring bo 0 o Lwot,_shaft wand the pivol housing
may both be fagir; |§gf‘né ?Fgmbgf:hm %E?g%ﬁdn ACS, Yhe | Sang rﬂ#)\'ﬁf %{I

during thernal mynimhgeopreheadisq Uaruetlﬁhasduhéngﬂaﬂnesxvewhnndﬁng

pi vot mechani sngfOgna Qhéérdi'e&ésSXﬁHeﬁP%hﬁﬁvm:ssﬁ dided 't and Is 15

t hereby easy to assenbl | ow cost's I vot NI'SMMaY 21%0 be
construct ed notCePRsHanE ﬁ%\?mﬁ'é??sbﬁFWﬁepr Fh&r ?elaé‘é-@lg@nttq mayiRises under 5
Khz. The Feat urgsipfnése. present invention that are 20 bel i eved to be
novel are set forth with particularljty in_ the aggended clai ns., The

i nvention, together wERIF i&faRYe FRIR (RFSHARS MRS BEY: FOPRALSS ) best
be understood Rairefe Guiddwnille waihers nehaespusht botwazidedn the

Fop viow of & GReEk A BEHERIEITEC (N bresent | nvention with its
upper cd&ing renpved; The pivot shatt and the pivot housing may both be
fabricated from aluminum to minimise preloading

variation during thermal cycling of the d;sc drive.
.Thus the . inventlon provides a prOt mechanlsm for
a disc drive system that has a low part count and is
15 ~ thereby easy to assembly at low costs.
- The pivot mecahnism may also be constructed not
to have any parts with primary resoqant_frequenc1es
under 5 Khz. _ _ _ o
‘The Features of the present invention_thet are
- 20 believed to be novel are set forth with particularlity
in the appended'claims, The invention, together with
further objects and advantages thereof, may_best be
understood by reference to the following description
taken in conjunction with the accompanying drawings in

\_/ 25 which:

Figure 1 is a top view of a disc drive that
incorporates the present invention with its upper
casing removed; - ' . _

_ Figure 2 is a side view of the disc drive shown

30 in Figure 1: _ .

Figure 3 is a perspectlve view of a head
positioner assembly incorporating the prOt mechanism
of the present invention; .
Figure. 4 is a cut away side view of the pivot
35 ‘mechanism of the present invention; and .
Figure 5 is a exploded perspective view of. the
pivot mechanism shown in Figure 4.



Figure 2 is a side view of the disc drive shown 30

3 is a perspective view of a head positioner -assenbly incorporating the”

pi vot mechani sm of the present invention; Figure 4 is a cut away side view

of the pivot 35 mechani sm of the present invention; and Figure 5is a
expl oded perspective view of the plvo% mechani sm shown in Figure 4.
t
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in Figure 1;(Figuree'

'i:J

secures the maqnetic disca to the spindle motor assembly 30._

A head positioner assembiy 4011nc1ﬁdés'an E”ehaped_
pivot housing 42 that is rotationally coupled between the
upper and lower casings 7,9 in one corner of the”houeing 5
by pivet mechanism 44. The head positioner assembly 40

carries a plurality of head arm flexures 50 that each carry

a magnetic read/write head 52 for reading information from
and writing information onto the magnetic discés 20._ The

‘head p051tioner assembly 40 also carries a servo‘'arm 54

which carries a servo head 55 for accurately pos;tionlng the

magnetic heads 52 relative to the informatlon ltorage

tracks. The head and servo arms are each attached to the
head posltioner assembly 40 by indivxdual flexure mounts 58.
A voice coil motor 60 is adapted to precisely rotate the_
head positioner assembly back and forth-sﬁch thatitheﬂheads.
52, 55 move in unison ‘across the discs 20. A magnetic latch

70 holds the head positioner assembly in place when the disc

drive is not in use.

The rotational movements-offthe'head positioner

assembly 40 are limited by bumper stopsisb-whichiare_

disposed directly behind the voice coil motor 60. Electri-

cal communications between the disc controller and the voice
coil motor 60 are made over a drive printed circuit cable
90. Communications between the various heads 52,55 and the



whi ch carries a seivo head 55 for accurately p05|t|on|ng t he magneti c heads
52 relative to thé information stérage tracks.:.:The head and servo arns are
each attached to the 25 head positioner assenbly 40 by i ndi vi dual

fl exure mounts 58. A voice coil notor 60 is adapted to precisely rotate the
head positioner assenbly back and fortB such that the heads 52, 55 nove in

uni son_across the discs 20. :A magnetic latch 70 holds the head posi ti oner

asserﬁ{;’%/ i s bte& ot id1d et ardthade e readyiriteuprinted cirauidnal
novenemnt s of g d positi 6her assenbly 40 are |i'nited by bunper stops 80

whi ch are dFE% Sel dlrectly behi nd the voice coil motor 60. Electri- cal |
communi cati ons between the disc controller and the voice 35 coi | notor

60 are mde ovel sgirihep e Figide A0 O thedRrugLE SRS et toen

t he vari ous head syst'em.control |'er are.nade

read/wite PEEAEBAYCi4Cciinclugdas mpives &Qﬂﬁ?@}"g\eﬁ@ ?%aﬁ bﬁr@mémﬁﬁr&ghead
posi tigner assw&b vt uaauadﬁ%naw VOtTﬁ'e)lﬁi\i&: Xoudihgi $sj sonewhat &

Bl ural [y oFh F‘%Qha%‘*‘m At &F 14PeATAEY PraerainY BecradAliden
forma nounan.mgneasplfaﬂ:fce—m T e!:h‘auauah nforn & 8nowribingobase4£owr avoi ce

coil ot or E0ne2AG bible SIACK iy P ALY ShoBuSLRg ‘Robb:2 10

Si ngl e cent Screw atta TO mnrmze Wwel reasonabl.e cost
the pivot hé@sisgatzaichedahia dhedack mide nfh khe Aeiwaﬁ heusipgecérab¥dany

ref erfece tQiRbaur @:el-m:é:%dt @%ﬂa‘vﬁfﬁﬁa‘&nﬂﬁwdl %\tniﬁm:.aéwéianusaaga42 as
vaJ as al nost "everything 1t carries are s F out %
reasonable cost, the pivot hou 1ng 42 s abricated from
aluminum. As can be appreciated by reference to Figure 1,
~ in the preferred embodiment, the pivot housing 42 as well as
almost everything it carries are symmetrical about its
b8 longitudinal axis. The symmetry is desirable to precisely
balance the head pos;tioning assembly, which reduces '

unde51rable 1nternal vibrations.

'Reférrinq neXt to Fiqures 4 and 5, the pivot mechanism

of the present invention includes a fixed pivot shaft 100

20  and a pair of ball bearings 102,103 that are journaled about
the'inOt shaft in spaced apart relation. A tubular spacer
105 and Belleville washers 107 are disposed between the
spaced apart ball'bearings'loz 103, however they serve only
to provide proper spacing and preload during assembly and

25  serve no substantial purpose once the pivot mechanism ‘has
been assembled.

The pivot shaft 100 has a threaded lower end that forms

a clamp screw 110 and a relatively small diameter screwhole
112 on its upper surface. The shaft is formed from aluminum

30 as opposed to stainless steel which is typically used for
the pivot mechanism shaft. an aluminum shaft is particular-
'ly advantageous since it allows the pivot housing 42 and the
pivot shaft 100 to be fabricated from the same material
which significantly reduces thermally induced bearing

35 preload variations within the_ pivot mechanism. The pivot
shaft 100 has a constant diameter in the region between the



15 l'ongi t udi nal axis. The symmetry is de5|rable to precisely balance '
the head positioning assenbly, which reduces:undesirabl e inteérnal '
vibrations. Referring next to Figures 4 and 5, the pivot mechani sm of the
present invention includes a fixed pivot shaft 100 20 and a pair of bal
beari ngs 102, 103 that are journal ed abut™ t he pi vot shaft in spaced apart
relation. . A tubul ar _spacer _105 and Bel leville washers: 107 are dlsgosed

bet ween t Hee3F4REE. ABar ANHaR03p&S PROVife ReRiuuR, RRALLRGRS- s orBRTHRY 1 0
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used Tor t |00t nec ani-sr n alum-n ar -
advantageo&%tglﬁGEeWb°&FIé&@ R sYPROT th$he River Shafhl00 2t Reth 100
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drive is fehamiqatesenﬁlpuimarycresonensses Eﬂﬁeaded through the
upper casing 7 into screwhole 112 to support the pIVOt "shaft 100 ‘at both ‘_,
‘ends. This duel énd s ort_proyi des maxi nistlffnefs f of é vot

mechani sm wi t h ﬂ?nPﬁﬁﬁPERFuEP&r pivetng ism, which incilu

assembled pivot shaft 100, bearings 102 103,_ “'cer 105 and
Belleville washers 107 is fixed to the bottom“c ,ing 9 of
15 disc housing 5 by a nut. The outer races 120 of hearing
| 102, 103 are. bonded to. the pivot housing using a suitable
adhesive such as Loctite. While the adhesive cures, the
Belleville washers push outward on the outer races 120 ‘to
. provide the: desired hard preload. By way of example in a 3
20 - 1/2 inch drive using an aluminum shaft as described,
suitable preload would be in the range of 4 % .4 lbs._ The
BelleVille washers 107 are utilized to provide consistency
in the applied preload without requiring delicate applica- _
tion of a; load., The spacer and belleview washers arrange-' o’
25 ment described is used in place of a coil spring as used in
some bearing assemblies because suitably sized coil springs .
tend to have resonant frequencies below 5 Khz.:___ |

_ A major advantage of the pivot mechanism construction
| described above is that the parts involved are extremely
30 Simple in terms of geometry and fabrication, making the
present invention especially suitable for high volume
production._ Although only one embodiment of the present _
invention has been described herein, it should be understood
that the present invention may be embodied in other specific
35 forms Without departing from the spirit or. scope of the
invention. Therefore, the present examples and embodiments
are to be considered as illustrative and not restrictive,
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diameter is designed to provide t he support. necessary to 10 . hold the

pi vot hoUS|ng under al [ desi gn cohdi-tions and t0 elimnate any prinmary
resonances under 5 Khz. To assenble the pivot nmechanism which includes the
assenbl ed pivot .shaft 100, bearings 102, 103, spacer 105 and Belleville
mashers 107, is fixed to the- botton1casqng 9 of 15 di sc housing 5 by a
nut. - The outer races 120 of .bearing 102, 103 are bondedto the pivot
hou5|ﬂ§ using a suitable adh§5|ve such as Loctlte ‘.Vﬁlle t he adhesive

cures~the Bell eyil Eﬁg\gg&q% g 1@%1%%6"’%&’&% eﬁhéagééaiig $ven

provi de the 883| rel oad eéxanple in a - /2 _inch
drive usi nghaneanunbn@—rrmahe a@dé(f-si@d b@d’-hlai sﬁ}ﬁ aﬁﬁ@%r%foﬁ’aembapﬁngédl n
the range ofy4ikerrl4 Ibs. The Belleville washers 107 are utilized to
provi de conS|s%ency in the applied prel oad without requiring delicate
applica- tion of a load . The spacer and ‘bel I evi ew washers arrange- 25
ment described is used in place of a coil spring as used in sone bearing
assenbl i es because suitably sized coil springs tend to have resonant
frequenci es below 5 Khz. A major advantage of the pivot nechani sm
construction described above is that the parts involved are extrenely 30
sinple in terns of geonetry and fabrication, naking the present invention
especially suitable for high volunme production. Although only one

enbodi ment of the present invention has been described herein, it should be
understood that the present invention nmay be enbodied in other specific 35
forps without departing fromthe spirit or scope of the invention.
Therefore, the present exanples and embodi ments are to be considered as
illustrative and not restrictive, - 7- :




and the invention is not to be linted to the details gjven:here|n,,but may
be nodified within the scope of the appended*cl ains. -8’ Err]
CLAI M5 1. A rotary actuator for a disc drive systemb havinmg—a—head

posi tioning assenbly for positioning a pLugality of ‘
relative to recording nedia |ocated within a disc tﬂlmﬂmgiﬁguﬂggﬁ : _
positioner assenbly including a rotatable pivot houst ng M I'eS the -
transducer heads, the rotary actuator 10 conprising a pivot. mechani-smiz

t hat includesé,_ n-rotatabl e pivot shaft that is rigidly fixed to thé?‘
drive housingiggﬂﬁgth ends; a pair of spaced apart bearings each having _
outer races that are adhesively bonded to the rotatable pivot housing and N

inner races 15 = that areaaébea—ye&&teaeeﬁdfbg hha i e iRieY Aysithad
prel oad means for pressin .outwa[dlx on the outer bearing ,raceés during
adhesi ve Donr¥ARD %h}ée%‘ng‘t’sthgp B9t 8SHEMRLY; fox PosdGianina|®ad during
aﬂhesi ve boRc%Im;l-)afmey P6£! £B&n gaaadsri nehasi ﬁgl&tip&c:}:b @ gdmjﬁ@ 20 about
t he pivot shaft . between the s ed_apar gearlJ s, .l.he.spacer having a
di anet er trmum?%97e¥§§%$ﬁ£ %+€€§ﬂa? @gs%h OBFEﬁgfeFkﬁthﬁngearings; .
wher ein the fpositioner assémblyndinbtudingt abretptablehpisiotyhmusing h -
fabricated oy NeaspliEs TAE" t2hnbBuBLe| HLaGs?SthePkRkARY Roetitat | ONS
during adhesive'%on 1 ng of ;ﬁe_outer raceS'ang'Lhe p|vot§§Laft né%ntains a
const ant1Qi arRARPr bein@ch PHEOhBechanies Faaknivelydeprndss. 2. A
rotary actuatrgn-Pstatath1&dpivot! Shard that is rigidly fixed to the |
drive housing at both ends; a pair of spaced apart \9f
bearings each having outer races that are adhesively
bonded to the rotatable pivot housing and inner races
15 that are adhesivsly”bonded'to the fixed pivot shaft;
preload means for pressing outwardly on the outer
bearing races during adhesive bonding to the pivot |
housing to maintain a selected preload during adhesive
bonding, the preload means including a spacer journaled
20 about the pivot shaft between the spaced apart
bearings, the spacer having a diameter that is less
than or equal to the diameter of the bearings; wherein
the fixed pivot shaft and the rotatable pivot housing
are both fabricated from the same material to minimise
25 preloading variations during adhesive bonding of the
outer races and the pivot shaft maintains a constant
diameter between the bearings to maximise stiffness.

Ll

2. A rotary actuator as claimed in Claim 1,
30 wherein a bottom end of said fixed pivot shaft is
threaded for fastening to a bottom portion of said disc
housing. '

3. A rotary actuator as claimed in Claim 1 or

35 Claim 2 wherein said disc housing cohprises upper and
lower portions, a screw being threaded through said
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30 wherein a bottom end of sai d flxed pi vot shaft
fastening to a bottonlportlon of said disc housing . A rotarﬁ act uat or

as clainmed irn Cdaiml or 35 Claim 2 wherein sald ﬂm mﬂmunﬂm ri ses
upper and | ower portions, a screw being thrgaded th

[err] upper portion of said di;sc housing an |nto thé tbp bf "sai’d plvot
shaft“to rigidly fix said pivot shaft in place. . A rotary

actuatil as chagig@d pov-eion mffcg&lwgdeéél Hbﬁéfﬁﬁl anahsn%elta@dt
include$ a pair of Belleville washer acer a flrst one of
t he beari ngs, %ﬁ%413%¥9ﬁﬁ§Piﬁ%§§?ﬁ51%ﬁ §$m§1¥|?§9 bB&VPﬁg gﬁG%pF€%5|ng t he

spacer agai nstplawe.0 second bearing. 5. A rotary actuator as clained
in any preceding claimwherein said rotatable pivot housing and said flxed
pi vot shaft are formed of alumnium 15 6. A rotary actuator

substanti & |y as herdei nbefreotasy racbdatwrhasecdaimed ib any as
Il 1ustrated '%ﬂé&b&%ﬂﬁ”ﬁﬁﬁﬁﬁrﬁhé¥é¥$r%ﬁe pPef8adméans includes a

pair of Belleville washers between the spacer and a
first one of the bearings, said washers pressing on
said first bearing and pressing the spacer against the
10 second bearing.
~ 5. A rotary actuator as claimed in any
preceding claim wherein said rotatable pivot housing
and said fixed pivot shaft are formed of aluminium.

15

6. A rbtary actuator substantially as

hereinbefore described with reference to and as

illustrated in the accompanying drawings.
20
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