-1: Pl YOTNECHANTSMFOR A ROTARY FEAD ACTUATOR This i nvent FOMR'& £eey
gener alll y tREI?hACEDeBh*EtET%i scS& i ve| dat a st orage devi ces and nore
particylgrly, but not b y, ld4mi fation, to an inproved pivot bearing
structu‘gbﬁ%"l"p'ﬂ?gé plaﬂﬁda"x":[/\@rpfgédct """ tpr in a disc drive data sjorage~device.
Di sc driic¥V&iairn®) t Hé’aﬂeﬂbe--f-epé?aﬂ%'ﬁ' as "W nchester” disc drivespqr Fuie‘fi'\if'-. L
known ijn 4ithg ) Ltdaped A cto phiged .. dri Yes i ncor - porate a "stac 0 9&fneI f"
nore di Aﬁ&gﬁpdﬂ%ﬁ%égﬁgg b€d-onla spindle notor for constant high
speed rjotation. The surface of each of these discs is coated with a

magneti zabl e nmedium for recording digiit-al data in a plurality of circular
concentric data tracks. A nunber of read/wite heads act in cooperation
with the disc surfaces for the recording and retrieval of data. These heads
are attached to sonme sort of actuator nechani sm which operates under the
control of electronic circuitry to controllably nove the heads fromtrack

to track. In the archelype Mﬁ@ﬁﬁ@fg eﬁéRdASt@o'f'Aﬂz%eAchﬁfé@RheadS rest in
contact with the surf ) ' tion of
REPLACEMENT SET 0 9 SEP 1998 -2- power to the drive. As the spindle
not or receives power and

This invention relates generally to the field of disc drive
data storage devices and more particularly, but not by way of
limitation, to an improved pivot bearing structure for use in a

rotary actuator in a disc drive data stofage device.

.Disc drives of the type referred to as "Winchester" disc
drives are well known in the industry. Such disc drives incor-
porate a "stack" of one or more disc-shaped platters mounted on a
spindle motor for constant high speed rotation. The surface of
each of these discs is coated with a magnetizable medium for

. /
recording digital data in a plurality of circular, concentric

data tracks.

A number of read/write heads aét in cooperafion with the disc
surfaces for the recording and retrieval of data. These heads
are attached to some sort of actuator mechanism which operates
under the control of electronic circuitry to controllably move
the heads from track to track.

In the.archetype "Winchester" disc dfivé, these heads rest in

contact with the surface of the discs prior to the application of

—_—
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. begins to spin, the discs drag a thin layer of air along with them As the
di scs accelerate toward their specified operating speed, this thin |ayer of

cair interacts with ski-like structures on the surface of the rpﬁhﬁmﬁnﬁegiil_

heads and the heads begin to "fly" above the di sc surface. The hdightt tat/
whi ch the heads "fly" above the disc surface, or "flying height", is
dependent upon the geonetry of the heqﬁz the head support neans and the
|inear velocity of the disc under the ‘head, along with other fac- tors. The
actuator that noves the read/ wite heads has taken many different forns

over {he ygacs ERHEY aPigehesher (Hes GeliidiRs ristoP o éadnles PRk e! Snased a

st epper or to nove the read/wite“heads in a straight radial |ine

acr oss tngthctgurS%qglgi It R 9is?d dr LN Viesy ditli sl da by &DongrengrNMENt

of paral rods an earings and is referred to as a "linear stepper

act uat or thef),Si sl #hedlyideae Rde 1€ L1 WS el baspediti edgsppeating by
a voice coil nmotor (VCM was also frequently used.and 1s called a "linear

VCM act ugpeled, Ahdecamid Weyedf ofttaial aintdwdcthmsy bEh esk bebhkesstirustubes
rotary actuator. A rotary actuator, as its nanme inplies, includes a pivot
mechani sonl thet ethrflacseelof ddjencssad Avhel tritheads aand cthefheadsdbegdn &/d has
an axis of rotation that is paral- lel to the spin axis of the sRindIe

not or and fdiydc aboxenthisedisic mamfanpporTherhel gt eall ¥hbght RReppeads

mechani sm over the sur- REPLACEMENT SHEET _
"fly" above the disc surface, or "flying height", is dependent

upon the geometry of the head( the head support means and the
linear velocity of the disc-under the head, along with other fac-
tors. |

The actuator that moves the read/write heads has taken many
different forms over the years. Early Winchester disc drives for
personal computers used a stepper motor to move the read/write
heads in a straight radial line across the disc surface. This
radial movement was guided by an arrangement of parallel rods and
ball bearings and is referred to as a "linear stepper actu%tor".
A similar arrangement of guide rods and ball bearings powered by
a voice coil motor (VCM) was also frequently used and is called a
"linear VCM actuator". .

A second type of actuator that has often been used is the
rotary actuatdr. A rotary actuator, as its name implies,
inéludes a pivot mechanism located closely adjacent the outer
diameter of the discs, and has an axis of rotation that is paral-
lel to the spin axis of the spindle motor and discs. A number of

head support arms extend from the pivot mechanism over the sur-
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This Sheet Has Been Re

i




, -3- .faces of the discs and permt the heads to nove in an arcuate path
fromtrack to track. Again, both stepper notors and VCVMs have been used to
.power the head novenent, and actuators using these notors @[p\qeﬁqufg L?
as "rotary stepper actuators" and "rotary VCM actuators”, {9$ﬁ¢q§ﬁw‘ Fra)
Rotary actuators are generally nore conpact than |linear actuators and have
thus found favour in recent disc drive designs for the

"t hree-and-a-hal f-inch" and "two-and-a-hal f-inch" formfactors. Another
‘advant age of rotary actuators is that they usually have a smaller noving
mass than conparable |inear actuators, and, as such, provide faster head
novenent, causing faster data access

., .No t what t | d
to powEpcgsr Bfathealisssornd pey igﬂqnﬁg%ééﬁﬁPFﬁ§¥ﬁyﬁ§c %n?g%g%géirﬂifa
toth (i f_ the di ' t yapl [ t
rechanPRHR AEPTHEE B Re, Caat | Aadil ncboth Sferber (fiofoysBahdtveisl V0
other whlB Hagn Mg If Gl Uife HRAHA sy dherdll (ana steshenasyushagl and

er

t he ou races attachedto a structure that includes the driving notor, or

att achpppel Rteh® A dd¥edhaat &/ pportreipPey o tiéppdheastabtoparyaaliaft is
commonly fabricated fromsteel and either screwed or staked into the base

casti ng roftalrlye vidivs aciuato M tredpest pvely se a rel ationship to the spindle

notor and discs as is permtted by nmanufacturing technol ogy. The structure

t hat SuppoRictarye ardanstarsl ate agdresrably heovet campachotbeni dinggiccal |y

made f;%gufég?;“gHéM£;E§N§;us found favour in recent disc drive designs
for the "three-and-a-half-inch" and "two-and-a-half-inch" form
factors. Another advantage of rotary actuators is that they
usually have a smaller moving mass than comparable linear
actuators, and, as such, provide faster head movement, causing
faster data access.

No matter what type of motor is used to power a rotary
actuator, the precision of the pivot mechanism is crucial to the
proper operation of the disc drive. A typical rotary actuator
pivot mechanism includes a pair of ball bearing assemblies /

situated one above the other with the inner races of the bearings
fixed to a stationary shaft and the outer races attached to a
structure that includes the driving motor, or attachment thereto,
and the head support apparatus. The stationary shaft is commonly
fabricated from steel and either screwed or staked into the base
casting of the disc drive unit in as precise a relationship to
the spindle motor and disés as is permitted by manufacturing
technology. The structure that supports the heads and attaches

to the actuator motor is typically made from aluminum or magne-
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.-4- .siumto mnimze the noving mass. The bearing assenblies them selves
are made of steel. This mxing of materials, steel for strength and wear

¢resi stance and al umi num or nagnesium for |ight- ness, Ieads,tp{éé&éﬁé&%ﬁﬁ
the principal engineering challenges involved in the design ‘eff}étary i

-actudators. The first of these engi needmg chall enges involves the effects
of differential thermal expansion. Since steel and al um num or nmagnesi um
have significantly different coefficients of thermal expansion, i.e., they
expand andmcCebt MAaHmdtz edithifee mentinqtmssand Thoe dbédeirat asgemhidesotheme
sanme tenperature change, changes in the geonetric relationship, of _these

criti casepaess aren medealafersdeedy. cimbedniningnpErArhrELlapSscSRRPYeEOBf t he
current technology are typically %geeif'ed t 0, operate_over

L ermer aebrEnGR N MBS (e 2 SHBLENE P mPERPsTimpEPs. TeaPs-
: 0 : :

‘5229;: léé%‘%ééia%%gﬁﬁf%%%"é%eéﬁ R r%‘v%%ﬁaﬂs”gbﬁ‘fglﬁsﬁhécﬁﬁgﬁgéﬂéﬁﬁiss

carefu ch_@%fgr}}e%htsy é&eiﬁ_ﬁs %Cvgéﬁaeg'geaégﬁgggrgr.o em cause y the use

of diff Ies arirous conponents are attached to

S?ggs?} |h'?'[| r?gyor%j’tat:]%a@use 0 eéa%h%@%%y%a ﬁeg]gigﬁgggs?ggﬁﬁﬁgﬁﬁs t(glreeat- es its
own set HreRAULHE a1 Hr e fPBa Wit ikbrmbl | eRpatisserssed ineeneiteedetanid bel ow.
aluminum or magnesium have significantly different coefficients
of thermal expansion, i.e., they expand and contract at different
raées and to different extents for the same temperature change,
changes in the geometric relationship of these critical parts can
be altered by changes in temperature. Disc drives of the current
technology are typically specified to operate over an ambient
temperature range of 5-50°C (41-122°F), and the internal tempera-
ture can be expected to rise another 20°C above ambient. This
temperature range is wide enough to cause off-track problems in
the disc drive unless carefully considered by the designer.,
The second problem caused by the use of differing materials
lies in how the various components are attached to each other.
This attachment is commonly accomplished by either press-fitting
or the use of adhesives. Each of these techniques creates its
own set of potential pfoblems which will be discussed in more
det;il below. .
Another consideration in the design of a rotary actuator is

the resonant frequency of the assembly. Manufacturers of com-
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"Anot her consideration in the design of a rotary actuator is the resonant
frequency of the assenbly. Manufacturers of com puter systens speC|fy
the ampbunt and type of shock and vibration that the disc drwﬁe st. . bd ab[-
to endure wi thout suffering damage and w t hout degrading datd hahdllndf1
operations. Since the actuator of a disc drive nust nove the heads at a
high rate of speed, a faulty design could result in synpathetic vibrations
bei ng i nduced in the actuator nechanisns inhibiting the ability of the disc
drive to accurately read or recover datd. In a properly designed actuator,
the natural frequency should be high enough to ensure that such synpathetic
vi brations do not occur. -6- Referring to the drawi ngs and specifically

to FIG .1 ‘Qgstérﬁs e%e}ci/fp'tﬁéhme c%detxge gf %cg hd GibkRtidmthiine falgchgggreesent

i nven- t|o rtirc l'y use disc drive 10 includes a

nmenber 12, nﬁQETBé bR %0 eRdee vAthou sifferthgddimfageantl iwithout Begthdifg) d@faher
mechani cal conponents are nounted and which, together wth a top cover 14,

forns a seahsdlingooperatibnk OSinveate aétuior 0P A distiditve rhust move the\keadp s nal
conponents. A spindle notor 16 is nounted to the base nenber 12 and

supports ahjghuratd of speed, alfanity defigh coukiatsili msympathetic vibrations deirghe di scs 18
include a nultiplicity of data tracks 20. An actuator notor, shown
gener al | y indueeqd insthewasthator mechanism, inhibiting the ability of the disc drive to

accurately read or recover data. In a properly designed actuator, the natural

frequency should be high enough to ensure that such sympathetic vibrations do not

occur.
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. to rotate an actuator body 24 about a pivot shaft 26 under the control of
electronic circuitry (not shown). The actuator body 24 includes a nunber of
-head mounting arms 28 which in turn nmount a nunber of head support-s 30,. i
each nmounting a read/wite head 34. As the actuator body 24 s et dtes .abput
-the pivot shaft 26, the read/wite ggads 34 are noved across the discs 18
along an arcu- ate path 36 to provide access to the data tracks 20. An
analysis of FIG 1 will clearly showthat the ability of the disc drive 10
to accurately access the data on the discs 18 depends to a great extent on
the parallelismbetween the axis of rotation of the spindle nmotor 16 and
the axi s pbfeetrahigohoofthehd rartimjsoraribdypetst £ iaral ktheta efEG i v, | Slvewh on of

the spindle notor 16 and pivot shaft 26. It will be appreciated that
m ni migi agtybecailzprdfont e tacdtisd air byl @4 mivhigerihe presenbelryeposed
nearer the discs -7- 18, thereby producing lower arminertia and
resul ting s pedddetlagdespadful andthe Higrrdnkierkd inehidegyd RaF@rring
nowto FIG 2, shown is a partially sectionagl ele- vajion vie f,a pivot
nechaﬁ?@hﬁlo}ﬂorﬁ&ﬂ%ﬁ#ﬂ%ﬁeﬁﬁﬁ&ﬁ%ﬁ@lﬁﬂuﬂﬁa% ??FiﬂQR 4o %ﬁgg?ructed in
cCoor GBS MBSO OB e BEL Shoilan ! AR4UIROAD S0 BRIE ytn .
the phvEBPs RPET 34 T b Fo SR MY fof phofedt By PabafiladlC 2
tion of the internal components. A spindle motor 16 is mounted
to the base member 12 and supports a plurality of discs 18 for
rotation. The surfaces of the discs 18 include a multiplicity of
data tracks 20. An actuator motor, shown generally at 22, serves
to rotate an actuator body 24 about a pivot shaft 26 under the
control of electronic circuitry (nof shown). The actuator body
24 includes a nuhber of head mounting arms 28 which in turn mount
a number of head supports 30, each mounting a read/write head 34.
As the actuator body 24 rotates about the pivot shaft 26, the
read/write heads 34 are moved across the discs 18 along an arcu-
ate path 36 to provide access to the data tracks 20. An analysis
of FIG. 1 will clearly show that the ability of the disc drive 10
to accurately access the data on the discs 18 depends to a great
extent on the parallelism between the axis of rotation of the
spindle motor 16 and the axis of rotation of the actuator body
24, and the relative location of the spindle motor 16 and pivot
shaft 26. It will be appreciated that minimizing the size of the
actuator body 24 will permit it to be disposed nearer the discs

-
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'sctew holes 44, 46 in the bottomand top, respectively. The bot- tomhole 44
Is used to receive a screw (not shown) to nount the pivot nmechanism40 to
the base nmenber 12. The top hole 46 is used in a simlar manner to’ secugel
the top of the pivot shaft 42 to the top cover 14, after the--base .menbier L2
and top cover 14 are assenbled together. The techni que of securing both the
top and bottom of the pivot shaft 42°1{'h a rotary actuator to mnimze tilt
and wobble is well known in the industry. The pivot shaft 42 is nade with a

Stop. agh et BrRietig 1 SUBE FPR PhekEfaPokl, -0RaL A5 ik sBilReED, °

stop agai’'n arrng-asse IS I'ower bal

bear i NG R e Ca kNS | RiSnOE ﬁth?&@FfE@&éEnE?Qé 52, a lower outer race
54 and a nunber of balls 567 The | ower inner race 52 is either press-fitted

or adhesi valefexntieg nowtte PIgot 2shahbwd2isl & phetlicldy Beatiiesdi0 dle-
adhe- sively bonded to the pivot shaft 42, an annular groove 58 is

usual | watignudetew rof ha pivot mbahandgmt ¢0cfipry at ve thaydiackuativa-, suah ( not
shown) around the outer surface of the pivot shaft 42. Since both the pivot
shaft 45 &hPumeln REF- | hnefopateushedr énnagéosfasree Wity teshnelagiesa

ot be B AOT GFRhI 1 TRGTHNES] SRnEbRaRiat DPORRELTE) 10 Adud DAY Apper
oo A0 7o gk anT] ORI, TR LR o DY, ULV
shaft 42 is shown in section, while in the right half of FIG. 2
the pivot shaft 42 is shown in full. The pivot shaft 42 has
scréw holes.44, 46 in the bottom and top respectively. The bot-
tom hole 44 is used to receive a screw (not shown) to mount the
pivot mechanism 40 to the base member 12. The top hole 46 is
used in a similar manner to secure the top of the pivot shaft 42
to the top cover 14, after the base member 12 and top cover 14
are assembled together.
The technique of securing both the top and bottom of the
pivot shaft 42 in a rotary actuatdr to minimize tilt and wobble
is well known in the industry. The pivot shaft 42 is made with a |
shoulder 48 located near the lower end of the pivot shaft 42 that |
acts as a stop against which a lower ball bearing assembly 50
rests. This lower ball bearing assembly 50 consists of an lower
inner race 52, a lower outer race 54 and a number of ballé 56.
The lower inner race 52 is either press-fitted or adhesively

bonded to the pivot shaft 42. 1If the lower bearing 50 is adhe-

sively bonded to the pivot shaft 42, an annular groove 58 is
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assenbly 60 al so consists of an upper inner race 62, an upper outer race 64
and a nunber of balls 66. The inner race 62 of the upper ball bearing .
;assenbly 60 is dinmensioned to be a slip fit over the pivot shaft 42, and_it
is then adhesively bonded to the pivot shaft 42, with a second annul ar
groove 68 provided in the pivot shaié_42 to spread the adhesive. The outer
races 54, 64 of the ball bearing assenblies 50, 60 are simlarly
press-fitted or adhesively bonded inside a cylindrical bore 70 in an

act uat onshedyy7Anclhideddinudthe miotht AhaSupriedcayry hehdabondbngi aghe-
assenblies 50, 60 on the stationary pivot shaft 42, fornms the nDV|ng

por ti onsévet Haok \ﬁétowmcmmﬁ Ahambter DEageLirtke (Pbrothshafts 82 -t he

attachnent ofé%; t uat or 4&;72 to the actuator nptor 22 and_the head
nmount i n§ qqﬂiMP t Qﬁﬂq R | the Jsteh| 1RReE T 368 ﬁ%s?rﬁe pre-

55, 66 %’é@'e?%f R ‘ﬁnﬁ“ab R85 s“’%%% ke S FER ek
SUIT I Neago i | %, 5 S gm?énet o4l | dhouna oPr b oBgETpLpuRRd each

ot her afd the outer ra are pre- from ea Thi s

pr el oadishg AN PARPNS %éé}%npafalaapé ym&rﬁ\aﬂe@éra@ight and appropriately

bondi ng the bedring conponents or with a spring nechanism such as a
Bel I evi |l | e washfjpemadl Wasdwring Cads&ib1y0e @ 1Ot ABEo| sK6whemblheal agnber.

The | ower inner race 52 is held in place and the upper inner race

the upper end of the pivot shaft 42. This upper ball bearing
assembly 60 also consists of an upper inner race 62, an upper
outer race 64 and a number of balls 66. The inner race 62 of the
upper ball bearing assembly 60 is dimensioned to be a slip fit
over the pivot shaft 42, and it is then adhesively bonded to the
pivot shaft 42, with a second annular groove 68 provided in the
pivot shaft 42 to spread the adhesive. The outer races 54, 64 of
the ball bearing assemblies 50, 60 are similarly press-fitted or
adhesively bonded inside a cylindrical bore 70 in an actuator
body 72. This actuator'body 72, supportéd by the ball bearing
assemblies 50, 60 on the stationary pivot shaft 42, forms the
moving portion of the pivot mechanism 4o_and includes features
(not shown) for the attachment of.the actuator body 72 to the
actuator motor 22 and the head mounting arms 28.

As known, the ball bearing assemblies 50, 60 must be pre-
‘loaded during assembly to establish the proper contact between
the balls 56, 66 and the inner and outer races 52, 54, 62, 64.

To achieve maximum stiffness, the inner races 52, 62 are usually

\'_
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6215 allowed to float on the pivot shaft 42 until the preload is applied.
The upper inner race 62 is then fixed in place. In the configuration shown
in FIG 2, the lower inner race 52 is axially constrai ned By the shoul def
48 while the actuator body 72 is either press-fitted over the | ower ‘out et
race 54 or posi- tioned over the lower outer race 54 and then adhesively
bonded. Either nethod requires nmanuf8cturing tooling to establish the

rel ative axial position of the |ower outer race 54 and the actu- ator body
72. The upper outer race 64 can then be pressed into the bore 70 of the

act uat 2 Pesihi 9PnERt 8hAT RRE B80RER RucERNE4gCial id1g tmadd ng,
whi | e ﬁ%f)ﬁ%%%c? F%ﬁ?a?draéeﬁw Is allowed to float on the pivot sha[;‘)qz'?éi 42.

The predadedfaneg Ofomi aschsothar.apphiiedprelihdingp czin thee dgieere i trimer
race 62 and the upper inner race 62-is adhesively bonded in place. In FIG
2, thepbpreppbyifigr aecdeadbwesghs apdl epproprd adediyndponsking te ibeering
between the top of the upper inner race 62 and a cir- cular ring or clip

r et ai ncomporehbs 38, wbthoahepriegt mechiaod stevistislhf iage@ Bellaviil®t shaft
42. The actuator body 72 is typically formed of alum num or. nagnesi umto
ni ni nivasher, nvevag wasberangoihespuiag cicedhes ldke reFllipnt Jigpband
upper ball_bearing assenblies 50, 6Q are de of s ﬁ&{. The usg of

di f f erBA® HBVEFi AR8eEaRaresARt 15nhgiled die '@ﬁetﬁﬂé © JBREI TP FOVvERERL &,

o one3s £2TRINSHLY 1B ASRRH R0 B IVAR THAKY 4P UL SAR SriiBaguier
applied. The upper inner race 62 is then fixed in place.

In the configuration shown in FIG. 2, the lower inner race 52
is axially constrained by the shoulder 48 while the actuator body
72 is elther press-fitted over the lower outer race 54 or posi-
tioned over the lower outef race 54 and then adhesively bonded.
Either method requires manufacturing tooling to establish the
relative axial position of the lower outer race 54 and the actu-
ator body 72. The upper outer race 64 can then be pressed inﬁé
the bore 70 of the actuator body 72 to a position determined
again by manufacturing tooling, while the upper inner race 6{ is
allowed to float on the pivot shaft 42. The preload force or
bias is then applied to the top of the upper inner race 62 and
the upper inner race 62 is adhesively bonded in place. In FIG.
2, the preload force or bias is applied by a spring washer 76
inserted between the top of the upper inner race 62 and a cir-
cular ring or clip retaining member 78, or other restriction
device fixed on the pivot shaft 42.

The actuator body 72 is typically formed of aluminum or
magnesium to minimize the moving mass, and the outer races 5S4, 64
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- boedy 72, problens are encountered with this configuration. First, if the
bal | bearlng assenblies 50, 60 are press-fitted within the bore.JO of the
.actuator body 72, tolerance for the machining of the bore 70 wowd have to:
be held within the range of about [err] 2.54 x 10[err] (0.000T inch). Thi&
ki nd of close tolerance control increases the cost of the total assenbly.
Further, since the two materials expand and contract at dif- ferent rates
over typical specified operating tenpﬁégture ranges, press-fitting can
cause distortion of the relative dimensions of the conponents, resulting in
tracking errors in the disc drive. To counteract this tendency, t he mall

t hi ckness 74 of the alum - g\gr n%gne5|un1act t.or i n theire
of theoEechbpalonsreand PEpﬁﬁp et Pepriag &S 4§ kﬁ%%'%% TH

howeveFESe] reaﬁggugtﬁge'eﬁvaﬁiﬂeggf@é&%ef?faisﬁ%%é‘oné‘i ‘%lhd ”P Sttetentiat 4
whi ch f |
i~ QﬁégcondgﬁpsﬁgﬁghamkﬁehgnQe%Tg@%eég éﬁﬁﬁ%tﬁﬁaéné(ﬁ éﬁﬁ&ﬁﬁ &h sc

drives e ditfering materials ar esi'vel y bonded toget her,

di ffichpi étﬁaaseslee eenkeelre the rltebaaiddiy mssad i@ stRd, aduatdhi n
the bore 70 in the actuator body 72 and evenly dlstrlbutlng t he bondi ng

agent pgdyahby gb@ﬁlehbeaQét@hcoupkﬁQ%@ SAtIBA s tdunhiadur debon ng
assenblies 50, 60. Failure to achieve accurate alignnment of these parts can

result in piEses Hff the Balilr bdagdonrpetassemtd s GGHiq0 Etevepressefitted y
act uat or
within the bore 70 of the actuator body 72, tolerance for the
machining of the bore 70 would have to be held within the range

of about #* 2.54 x 10°%m (%0.0001 inch). This kind of close

tolerance control increases the cost of the total assembly.

Further, since the two materials expand and contract at dif-
ferent rates over typical specified operating temperature ranges,
press-fitting can cause distertion of the relative dimensions of
the components, resulting in tracking errors in the disc drive.
To counteract this tendency, the wall thickness 74 of the alumi-
num or magnesium actuator body 72 in the fegion of the centrdl
bore 70 is typically three or more times as thick as the thick-
ness of the steel bearing outer races 54, 64. This practice,
however, increases the overall diameter of the complete pivot
mechanism 40, which may not be acceptable in designs for current
small form factor disc drives.

Second, if the differing materials are adhesively bonded
together, difficulties arise in centering the ball bearing
assemblies 50, 60 within the bore 70 in the actuator body 72 and

evenly distributing the bonding agent radially about the outer
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and-the spindle notor as noted above in the discussion of FIG 1. Another
probl em wi th adhesi vely bondi ng the ball bearing assenblies 50, .60 within
.the bore 70 of the actuator body 72 relates again to differenti-at thermal. -
expansi on and contraction. Wen these conponents expand or contract at
different rates, the stresses inposggjact prinmarily on the bonding agent,
which can lead to failure of the adhesive bond over tine. Furthernore,
adhesi ve bondi ng of the conponents creates the risk that sonme of the

bondi N, ENE 4 TBY4| 83K +AE BadhabRadng S ARANYY B 60N - ORI e

bal | bearing~asse rendering the entire pivot mechani sm 40
unusabéslaiz% abeLkat %ﬁ%@ﬁmfe?ﬂ: Qf MiHeald Bty e it nth assess ifn t he

el
conpl eted pivot assenbly does not function properly after assenbly. Such a

mal f unghboges@rkd BRoHe® ries Well a2fi dnEN i &yd twdeabrilomtissk My pariadisor
damaged conponents or, as noted above, adhesive |leaking into the interior

of theahal theespiindlesmetorblaseniotdd tdbovaitier e ekl deyssionfof EIGall.
beari ng assenblies 50, 60 are adhesively.bonded to the inner bore 70 on the
actuat or badpth2yr iprobd eax wridieladhiisiviedy tband igepdibe ddakleskepaird wit h-
out damaging the relatively soft actuator body 72 which is by far the nost
expensageenbipeses0 i 60t wd thilvotthee diexd siA AF[IY the aetyaten Redest2ve scrap

costs. -12- FIG 3 depicts another prior, art Jnvot neq?anis€180
subst apelates again to differential thermal expansion and contraction.

When these components expand or contract at different rates, the
stresses imposed act primarily on'éhe bonding agent, which can
lead to failure of the adhesive bond over time. Furthermore,
adhesive bonding of the components creates the risk that some of
the bonding agent may leak or migrate onto the operational sur-
faces of the ball bearing assemblies 50, 60, rendering the entire
pivot mechanism 40 unusable. |
Yet another reason for eliminating adhesive bonding arises if
the completed pivot assembly does not function properly after
assembly. Such a malfunction could be the result of improperly
fabricated components, damaged components or, as noted above,
adhesive leaking into the interior of the ball bearing assem-
blies. If the outer races 54, 64 of thé ball bearing assemblies
50, 60 are adhesively bonded to the inner bore 70 on the actuator
body 72, it is extremely difficult to sepérate these parts with-
out damaging the relatively soft actuator body 72 which is by far
the most expensive compongnt in the pivot mechanism 40, resulting

in excessive scrap costs.
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‘tially identical in construction to to pivot nmechanism 40 showmn in FIG 2.
Li ke the pivot mechani sm 40, the pivot mechanism 80 includes a pivot shaft,
-82; a lower ball bearing assenbly 84, having a |ower inner race.86, .a Lowqr
outer race 88 and a nunber of balls 90; and an upper ball bearing assendl y—
92, having an upper inner race 94, am2upper outer race 96 and a nunber of
balls 98. The nethod enployed to nount the inner races 86, 94 to the pivot
shaft 82, and to preload the inner races 86, 94, is the sane as the nethod

d | bed _jn, t ' [ f_ Fl ' ' d Ih
oivot nocFdGisrt APERES HPGTNS REtREnER BYVaF RecREnt SRCA07, s0BkRenth®

races 138119% Hed {0 1n NG 08,26P6HPLLER001v8R RbchbRish 40°shoun

press- esive nded to the inner sur- face 100 o

cyli nqii g3l steel 15)6eViend Ogivb e fie8HaAi sMb10asgRBLDY vothinechabiamsaobl y is
sonetines referred to as a "bearing cartridge", and includes the pivot

shaft 1§&1udes halpipsarsngressenbai esw8é, ba2labdatriagstssemblgewdd ,102.
Since all conponents of this bearing cartridge sub-assenbly are made of

st eel havaigy of Xdweprimernsrassoséat edlowel bufidrngace Peedsnd fai numMper
conponents of differing materials, as noted above in the discussion of FIG
2, areferoedlie 9Gd amd t 4i supper absdhbbgarkaghassemblys 9@n| axHas e
bearing cartridge sub-assenbly is to be attached to an al um num o
magnesippRmCINRR DI T 30rlyS 4 0420 HAPPEROYSRE BRGK 8fs 256 @ nybes: f balls

reviously. That is, differing REPLACEME
P ;é.)/The meéhod émplo&eg to mount @ﬁe inner races 86, 94 to the

pivot shaft 82, and to preload the inner races 86, 94, is the
same as the method described in the.discussion of FIG. 2, and
will not be repeated here.

The pivot mechanism 40 and the pivot mechanism 80 differ in
that the outer races 88, 96 of the ball bearing assemblies 84, 92
of FIG. 3 are press-fitted or adhesively bonded to the inner sur-
facelloo of a cylindrical steel sleeve 102, forming a sub-
assembly. This sub-assembly is sometimes referred to as a
"bearing cartridge", and includes the pivot shaft 82, the ball
bearing assemblies 84, 92 and the steel sleeve 102. Since all
components of this bearing cartridge sub-assembly are made of
steel, none of the problems associated with bonding or press-
fitting components of differing materials, as noted above in the
discussion of fIG. 2, are encountered in this sub-assembly.
Rather, it is only when the bearing cartridge sub-assembly is to
be attached to an aluminum or magnesium actuator body 104 that

the same problems occur as noted previously. That is, differing
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- 13- "thermal expansion and contraction rates between the steel bearing
cartridge conponents and the al um num or nmagnesi um actuator body 104 can
lead to geonetric distortion, if press-fitting is enployed; conmponent

m sal i gnment; or bond failure, if the parts are adhesively bonded. Once -~
again, this type of assenbly requires that expensive assenbly tooling be
enpl oyed to accurately |locate the bearing cartridge sub-assenbly axially

w thin the actuator body 104. Further, the addition of the steel sleeve 102
i ncreases the diameter of the entire pivdB-nmechani sm 80, potentially
rendering it unsuitable in the conpact disc drives of current technol ogy,
and increases the cost of the bearing assenbly by as nuch as 50% It al so

increase?hEQﬁaﬁp%&@%d§¥3h dndGecht &t idn Usd e asetarean tieead teel pbearingt
met hod of "securing the bearing cartridge sub-assenbly to the actuator body

104. 1n Egir%riﬂgreo%@hpo%éﬁs‘i‘vanw&kié anseidun d¢hrmagresidol actwatoe body
actuator body 104 and into a threaded hole 108 in the steel sleeve 102.

This met hed daneviesidets geomdttive distereion al if eress-ekbbirgohsand

contraction problens noted above, but adds additional machining costs,

manuf act empleysdepcampbrant mil seksgnmente eesbepd fallure, if the parts
are adhesively bonded.

Once again, this type of assembly requires that expensive
éssembly tooling be employed Eo accurately locate the bearing -
cartridge sub-assembly axially within the actuator body 104.

Further, the addition of the steel sleeve 102 increases the
diaméter of the entire pivot mechanism 80, potentially rendering |
it unsuitable in the compact disc drives of current technology,
and increases the cost of the bearing assembly by as much as 50%.
It also increases the moving mass. .

FIG. 3 also illustrates an alternative prior art method of
securing the bearing cartridge sub-assembly to the actuatoi body
104.. In this approach, a screw 106 is inserted through a hole in
the actuator body 104 and into'a.threaded hole 108 in the steel
sleeve 102. This method alleviates some of the differential
thermal expansion and contraction problems noted above, but adds

additional machining costs, manufacturing steps and moving mass

to the design.
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‘Clearly a need exists for an inproved pivot mechanismthat mnimses the
size, and thus the noving nmass, of the rotary actuator, while overcom ng
the traditional problems encountered when creating a pivot nechani smout -of
differing materials. EP-A-0,248,650 is used to delimt claim1 and

di scl oses a disc drive which is intended to have a reduced height. In this
arrangenent the outer sleeve of pivot is rotatably nounted on a stationary
shaft by two roller bearings. The innerjqperipheral edge of the |ower end of
the outer sleeve is inclined relative to-the axis of rotation. The seat of
the stationary shaft is also inclined such that its inclined surfaces nmate
with those of the outer sleeve in order to reduce the height of the disc

drive. US-A-4, 28§e£84a h@déasts tér dndinfirenedepivotntiechanisgeher miniimides Bigd i n
connection-wth Wnchester drives. According to one aspect of the present

i nvention &ief gnd thuPtie/mdeifig andds Vol thawstannictuatbg widlerovessoniag theat or in a
di sc drive conprising: a pivot shaft for nounting said pivot nmechanismto
sai d di sc dmatitenalyproblensrahcountered iwdien coeting agivatgaedbianism ouwsof idifferiighg an
i nner and an outer race with a ball bearing constrained therebetween, said
i nner racesnaterialyy engaged on sai d pivot shaft; an actuator body having a
central bore for coupling a notor,to one_or nore read/wite heads _of the

di sc drive; and Ansarding tor thg,present inventionthersds prayidedra piyeemechansm ffiject to
sai d actuator body; characterised by first and second tol erance rings
di sposed bEPRBEACtHFAr By disC AHYe SOJPIIHBENL the bal | bear ing assenblies and
Shaft of oteel APIEhEEPbarTOPE RIS pitelimer bt i g SREERYeST o700 ¢ o
oo, e 29, S R B Bl ok GRS ol BB . .,
ot et TR sl A LSl OB ga greingas o o
posi ti oni ”Qaiﬁfpii'&%hﬁ?ﬂf er
an actuator body having a central bore for coupling a motor to one or more
read/write heads of the disc drive; characterised by
first and second tolerance rings disposed ‘betWeen the outer races of both the
ball bearing assemblies and the central bore to the actuator body; and
means for axially spacing said outer races with respect to said actuator body.
In the present invention, a pivot shaft of steel is conventionally attached to /
the inner races of a pair of ball bearing assemblies, and mounting of the outer races
of the ball béarings to the inner surface of a central bore in the actuator body of an
actuator mechanism is achieved by using a pair of specially constructed tolerance
rings. A narrow section in the central bore provides axial positioning of the outer
races of the bearing assemblies, while the tolerance rings provide radial positioning
of the outer races relative to the bore.
The use of the tolerance rings to fix the bearings to the actuator body allows
a thinner wall on the bore in the actuator body, reducing the size of the completed

assembly and lowering the arm inertia as the actuator can be positioned closer to the

discs, thus increasing the strength and stability of the pivot mechanism.
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0 9 SEP 1998 15 races of the bearing assenblies, while the tol erance rings
provide radial positioning of the outer races relative to the '‘bofe.. The use:
-of the tolerance rings to fix the bearings to the actuator body allows.a .-  _
thinner wall on the bore in the actuator body, reducing the size of the

conpl eted assenbly and |lowering the arminertia as the .actuator can be
positioned closer to the discs, thus increasing the strength and stability

of the pivot mechanism A shoul der on ;ﬂﬁ pi vot shaft and the narrow

section in the central bore of the actudator body serve to define the .
relative axial positions of the ball bearing assenblies and all ows assenbly
w t hout the use of precise and expensive assenbly fixtures. According to

anot her aspect of shdifddd RSB pivot YRdTE AR the lnAROS dedtioh RVihe ReEntBalBREDSE Of
manuf acturing a pivot nechanismfor a rotary actuator in a disc drive

i ncl udi ng: thelicthRoNbedy erid todefinBald reliviea@iad posiaohsist theball desriig di anet er
than the renai nder of the pivot shaft closely adjacent a | ower end thereof;

and (2) forassenblies and allawoassembly withdut shecwsetof gpirediser and exipensivd assembly by
form ng the actuator body with a central bore having a narrow section of
reduced di dixtures. at a nedial portion of the actuator body; and in that the
met hod further conprises: %3) mounting upper and |ower tolerance rings in
the central bor dt isanebjeat @f the ipvention ta provide 8 Pivat rechaniprader g sotary (4)

pl acing a |l ower ball bearjng assenbl havi,ngé%n i nner, and an outer race

onto the piR¢datosHar disg driyg attﬁaowrnﬁ{errefi%@n Jhe radial imensionok kgul der of

the pivot shaft; (5) pressing the |ower ball bearing assenbly supported on
the pivot JPRfRE Pﬁgﬁtz?"tq{ ﬁec%“ﬁ&”r%‘l’- bore bel ow the narrow section until the

out et L3 O e s o SR AR SR R R BB RSO 11
bet ween t h?otg.l‘g rudtBf ?or%f diw&ﬂ/@ﬁ\ﬁf rel_aﬁéels the effects of differential thermal
expansion associated with an assembly that includes differing materials.

It is another object of the invention to provide a pivot mechanism for a.
rotary actuator for a disc drive that eliminates the problems associated with
attaching components made of differing materials.

It is another object of the invention to provide a pivot mechanism for a
rotary actuator for a disc drive that is easily fabricated using existing manufacturing
technology and is readily reworked in the manufacturing environment when a defec’t
is found in the completed assembly.

It is yet another object of the invention to provide a method for assembling a
pivot mechanism for a rotary actuator for a disc drive that does not require the use
of expensive assembly tooling and fixtures.

Other objects, features and advantages of the present invention will become
apparent from the following detailed description of various embodiments
particularly when read in conjunction with the drawings, of _which:

Fig. 1 is a partially exploded perspective view of a prior art disc drive of the

type in which the present invention is particularly useful.

Fig. 2isa partiélly sectional elevation view of a typical prior art pivot

mechanism. - This Sheet:Has Been Replaced




bearing assenbly and inner surface of the actuator body; (6) placing an
upper ball bearing assenbly having an inner and an outer race onto the

‘pi vot shaft and into the central bore until the outer race of the upper

bal | bearing assembly abuts agai nst the upper surface of the narrow. ;: . ;~1i_
section, thereby conpressing the upper tol erance ring 15a between the
outer race of the upper ball bearing assenbly and the inner surface of the
actuator body; and (7) biasing the inne_is_race of the upper ball bearing
assenbly toward the | ower ball bearing aSsenbly. It is an object of the

I nvention to provide a pivot nechanismfor a rotary actuator for a disc
drive that allows the-reduction of the radial dinension of the noving
portion of the angLJ@tiQh-paiﬂall&%eéﬁlﬂﬁh&évﬁ@neﬁéw‘?ff ahbet PiVBDIneBRanign Provi de a
pi vot mechanismfor a rotary actuator for a disc drive that reduces the
effects of fofftae pribt adt. t her mal expansi on associated with an assenbly that

I ncludes differing materials. It is another object of the invention to
provi de a pivot FRigsh4A| éB) 40rand 4Dodrerplam Glevation, ongitalintil sectibnal/and hat
elimnates the problens associated with attachi ng conponents nmade of

di ffering niatezali settional views, resprctizelypbf & telerahce Heg compondnbof @an provi de a

pi vot nmechanismfor a rotary actuator for a disc drive that is easily

fabri cat ed ¢mbodimeny ofithe grasentuinvantioni ng t echnol ogy and is readily reworked

i n the manufacturj n% .environnment when a defect is found in the conpleted
assenbly. It is §i& ddnamagiallyseetianabeleyation; vigw of aqivetgneshagistle a et hod f or

assenbling a pivot,pechanjsmfor a rqQtary actuator for a disc drive that
does not re‘?ﬂi&rlé‘:%@ fepr C%Wﬁéﬁgiegg’oggéw&’et PRSRh AVERHOR xt ur es.
Figs. 6A, 6B and 6C are diagrammatical representations of three pivot

mechanisms, one from the prior art and two embodiments of the present invention,
all drawn to the same scale to illustrate the dimensional advantages of the present
invention.

Prior to describing the pivot mechanism of the present invention (shown in
Fig. 5), attention will first be directed to Figs. 4A through 4D, which are several
views of a tolerance ring 110 forming a part of the present invention. The tolerance
ring strip 110 is formed from steel grip material .which is shaped into a ring upon ,
assembly into the pivot mechanism of the present invention. Typical material
thickness is about 1.27 x 10~4m (.005 inch). The width 112 of the tolerance ring
110 is approximately the same as the width of the outer race of the bearings shown
in Fig. 5, and the length 113 of the tolerance ring 110 is slightly shorter than the
outer circumference of the ball bearing assembly of Fig. 5. As shown in these
figures, parallel raised contact surfaces 114 are formed to a height 116 of typically
about 3.3 x 104m (.013 inch) in the tolerance ring 100. The shape of the raised
contact surfaces 114 and the thinness of the material make the contact surfaces 114
relatively compliant in the axis defined by arrow 118 in Fig. 4C. The significance
of this compliance will become evident in the following discussion. The tolerance

ring 110 is available commercially from USA Tolerance Ring Corporation of West

Trenton, New Jersey; a typical model of such is ANL 12.7X5S. This Sheet Has Been R. r
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OQther objects, features and advantages of the present invention will becone
apparent fromthe followi ng detail ed description of various enbodi nents
'particularly when read in conjunction with the drawi ngs, of which: Fig. 1
is a partially expl oded perspective view of a prior art disc-drive of the
type in which the present invention is particulafly useful. Eig. 2 is:a-:
partially sectional elevation view of a typical prior art pivot mechanisnm
-16- Fig. 3 is a partially sectional el gyation vi ew of anot her pivot
mechanismfromthe prior art. Figs. 4A, 4B, 4C and 4D are plan, elevation,

| ongi tudi nal sectional and | ateral sectional views, respectively, of a

tol erance ring conponent of an enbodi nent of the present invention. Fig. 5
is a partially spigt 5QRaws &lpera inhétRanis@Vi 20f madelin\detordRidearitl theCsresdnt Uct ed i n
accordance with an enbodi nent of the present invention. Figs. 6A, 6B and 6C
are di agr animeértival Tieppiestmnechianizns 120 istsivhilar inl construatiohaaitisnpivopne fromt he
prior art and two enbodi nents of the present invention, all drawn to the
sanme scal e mechahismstdisttissed labovi erept asndescribbdavereinafterpind imelydes aqivot
invention. Prior to describing the pivot nechanismof the present invention
(shown i n Fihgft 122, adewenhalldeanng lassembly 124, an upper ball bearmgrssemilyt ¥6ough 4D,
whi ch are several views of a tolerance ri nagl 110 formn glgart of the

present i nm&m.tuamequa! 128 Witk ?Fh@fﬂierb llegging§s_ ‘?',OBGSt eel grip
e el SRRE B WP SR B ohll dlnBesofpg o h A s
126 is accomplished using a spring washer 130 and a fixed ring or clip 132 as

previously explained.

-—
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‘thickness is about 1.27 x 10[err] (.005 inch). The width 112 of the
tolerance ring 110 is approxinmately the sanme as the wdth of* the outer race
‘of the bearings shown in Fig. 5, and the length 113 of the tol erance ring.
110 is slightly shorter than the outms-ircunference of the ball bearing
assenbly of Fig. 5. As shown in these figures, parallel raised contact
surfaces 114 are forned to a height 116 of typically about 3.3 X

10[ er .013 ipch).in the tqlerance rin 00., The sh of the raised

cont aEhe 52 FuRESE) pe8y A 2e dnEITREE. & SRS hts of Shee 1€ WehfEcy
surfa e ' i ' | ' by. r L n Fig.
01T 2668 dadorchak ek SaTH Ay Nt SOl DVodd "8 hafol

fol | oybRg1 6hSEYESHEN redliteiOliiaritt@  idtg alﬂé}dﬁma/@é%}abiﬁe% fheldy from
USA Tol erance Ring Corporation of Wst Trenton, New Jersey; a typical nodel
of suthei Gefbtlkal?bd¥eS134. -17- Fig. 5 shows a pivot mechanism 120 nade in
accordance with the present invention. The pivot mechanism 120 is simlar

i n constraclowert surifece 1o machan yppeti soustace abb¥ eoExtieps mardescri bed
herei,nafter, and includes a pivot shaft 122, a |lower ball bearing assenbly
124, sfactpper 186l pre¥ddengoadastpisurfeemden ewenteutepdyagegladi andeach

Pt ol OUBPRE BREERCCHSR 1Bdn o i) (A neng ASROTEL EeSchh s ohefrusi ng o
TP e HERAESATY SO0t SR ) e e g eRA e
shoulder 152 of the pivot shaft 122, and between the outér races
142, 144 of the ball bearing assemblies 124, 126 and the lower
.surface 138 and the upper surface 140 of the narrow section 136,
combined with the preload applied to the upper inner race, fixed-
ly establishes the axial relationship between the pivot shaft 122
and the actuator body 128 without the need for any assembly fix-
ture or gauges. A pair of tolerance rings 110, described in the
discussion of FIGS. 4A-4D above, are provided and are located
between.the outer surfaces of the outer races 142, 144 and the
inner surface of the central bore 134 in the actuator body 12;.
Assembly of the pivot mechanism 120 preferably is accom-
plished in the following order:
1.1. The lower ball bearing assembly 124 is placed over the
pivot shaft 122 and brought to rest with the inner race
150 against the shoulder 152 provided thereon. This can
be a press-fit operation, -or the inner race 150 may be

adhesively bonded to the pivot shaft 122.
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and |'ower portions of a slightly larger dianeter, and a narrow section 136
of reduced dianeter at approximately the m dpoint of the centrai:bore-134.-
‘Al ower surface 138 and an upper surface 140 of this narrow section 136
provi de contact surfaces for |ower Qg%;j race 142 and upper outer race 144
of the ball bearing assenblies 124, 126, respectively. The contact between
| ower inner race 150 and shoul der 152 of the pivot shaft 122, and between
the outer races 142, 144 of the ball bearing assenbliies 124, 126 and the

| ower surfage heaH@PgbcoHl 262 k4R dilgysnarymw sestd sreniited
combi ned Wi %1#%% g?gf%adaggpligd to the upper igﬁér race 154, fixed- ly

establishes thengyi gha! £bkkoBsRtRohCWARCR Heh ape o padtafdn 18P tiral t he
act uat or body mntﬁout the need for any assenbly fix- ture or gauges. A

pair of tol er apgRtFaNIBotd0] 3d¢seeispedtiivedllys dfsdissiartudtdt GRAWA- 4D
above, are provided and are | ocated between the outer surfaces of the outer

races 142, 1441p9¢ tdpisnaer aghikaed oy tsimplgntbending etis4tokexranrce

actuator body 128. Assenbly of the.pivot nechanism 120 preferably is accom
plished in theringsodiogfeomethelrl stHip |fomm into bHings mpdskeeeryings s
pl aced over the pivot shaft 122 and brought to rest with the inner race 150

agai nst the shbbemednts? theovieadd alhdarsh 13 LT Hepkcted REFFFt S

operat] of:~O" fhe blagkicity o ¢hY eiditnca “Fldg WREEL AP (if1PhELk

the tolerance rings 110 in these positions while the
- succeeding steps are accomplished.

' 1.3. The actuator body 128 with the toierance rings'llo
installed is pressed down over the lower bearing assem- -
bly 124 until the top surface of the lower outer race
142 of the lowér beariﬁg assembly 124 is in contact with
the lower surface 138 of the narrow section 136 in the
central bore 134 of the actuator body 128. This opera-
tion slightly compresses the first tolerance ring 110
between the lower outer race 142 and the inner surfage
of the central bore 134 of the actuator body 128; estab-
lishes the radial position of the lower ball bearing
assembly 124 and pivot shaft 122 within the ‘actuator
body 128; and further esfablishes the relative axial
position between the pivof shaft 122 and the actuator
body 128. |

1.4. Adhesive is applied to the inner surface of the inner

‘race 154, and the upper ball bearing assembly 126 is

e

eet Has Been Replaced

T



--19-" 1. 2. The first and second tolerance rings 110, are assenbled into the
| ower portion and the upper portion of the central bore 134, respectively,
-of the actuator body 128. This is achieved by sinply bending the tol erance
rings 110 fromtheir strip formintggdings and inserting themjnto the -
central bore 134, as depicted in FIG S. The elasticity of the tol erance
ring material wll hold the tolerance rings 110 in these positions while

t he succeedi ng steps are acconplished. 1. r bo@y with the

r

3..Th t uat 12
tol erance ringBressedndnip B YoRESS myg\ﬁ’%ﬁuaﬁefol% HHFTHY assem
bl 124 til the t f f the |
begr i ng ;gslanbp98¥2§)tgﬁz ﬂh’fqggﬁ?’fc C{?ﬁeﬁ?m%el}rfef)qué()e\?\éorf 3:&% éﬁéz%édﬁe% ﬁ%@él%r r ow
ti 136 i tral f t ' -
Sron o ghtl v saAorBEERERs B bl ROl LA e MUY ol N écORSE A

outer race 142,38 pheylegheil Ifrdh NG 0E Aol odf 156,

actuat or body esta e radi position of the | ower bal

bearing assenbpymb2esadPivHy sddfia R etdide iy aciodbeotwdosytias; and
further establishés the relative axial position between the pivot shaft 122

fhe i nner race TEg o tne usper bal| bearing assenbly 126 15 o ooe
, pper ba eari ng asse y 126 is
central bore 134 in the actuator body 128. The upper
inner race 154 is a slip fit on the pivot shaft 122 and
is not fixed to the pivot shaft 122 at this time.
1.5. The spring washer 130 is installed over the pivot shaft
122 and the ring or clip 132 is fixed to the pivot 'shaft
122, compressing the spring washer 130 and establishing
the preload of.the bearing assemblies 124, 126.

1.6. The adhesive applied to the upper inner race 154, once
set up, adhesively bonds the upper inner race 154 to the
pivot shaft 122.

It will be apparent that testing of the assembled unit ma% be
done after step 1.6 above. 1If such testing reveals the failure
of any of the components or the aééémbly process, the actuator
body 128, by far the most expensive component in the assembly,
can be readily éeparated and reused, thus greatly reducing the
value of scrapped parts and lowering the average cost of the
entire disc drive unit.

Furthermore, since the axial position of the ball bearing

assemblies 124, 126 is established by bringing the bearing races

. This Sheet Has Been Replaced
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. -20- pressed into the upper secondary bore of the actuator body 128 unti |
the | ower surface of the upper outer race 144 contacts the:upper : surface.
140 of the narrow section 136 in the central bore 134 of the actuator ‘body
" 128, conpressing the second toleramge-ring 110 between the upper outer race
144 and the inner surface of the central bore 134 in the actuator body 128.

The upper inner race 154 is a slip fit on the pivot shaft 122 and is not

et ks NCoRLERL RIRh cBB2sRouadel, Vodhon the HAVY b Y ok °t 0 he
Y, haf 2 i

BL ef’éatip%‘#t%a baawf@ﬁggiizsﬁs 33805300, ° Hle hi aasﬁezésﬁé’éé LT

| e o B ORFEal fBBEO12a00F0 s HE] Al AU Ho ‘*‘?W SR L,P”SLe
asse”béﬁerﬁgi emgsagbignm%% QP nbe@ PR errsfm%mﬂ}a | {1k & EVEPS S

the fai any o e conponents or the assenbly process, the actuator

body 1£28ondNipabsrt BReMBohperRARS .Y e IGRHRAIE Nt HeN IS a&&eﬁ&mwﬁnfmn
readily separated and reused thus greatly reducing the val ue of scrapped

parts wdt | baeuny whalaver tpe cesiuldf dfv@mord igas idiys cartinel led tcom-
Furthernore, since the axial position of the ball bearing
ponent tolerances, thus ensuring a more uniform final assembly.

It will be noted that the tolerance rings 110 are installed
in the central bore 134 of the actuator body 128 with the raised
contact surfaces 114 toward the outer races 142, 144 of the
bearing assemblies 124, 126. This orientation distributes the
force 'generated by pressing the bearing assemblies 124, 126 into
the actuator body 128 across a relatively, large area on the
actuator body 128 and a relatively small area on the outer races
142, 144 of the bearing assembliesi;24, 126. Since the outer
races 142, 144 and the tolerance rings 110 are steel, and the
actuator body 128 is preferably aluminum or magnesium, this m}ni-
mizes the risk of damaging the relatively soft central bore 134
of the actuator body 128.

It should also be noted in FIG. 5 that the thickness of fhe
wall of the actuator body 128, designated as 158 therein, is
relatively thinner than that shown. in the prior art examples of
FIGS. 2 and 3 above. In the present invention, the stresses

imposed by differential thermal expansion and contraction will be

compensated for and absorbed by the. compliance of the tolerance

is Sheet Has Been Replaced
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assenblies 124, 126 is established by bringing the bearing races -21-
Into contact with the shoul der 152 on the pivot shaft 122 and ‘upper ‘and |,
| ower surfaces 138, 140 of the narrQw section 136 in the central: bore .134_
of the actuator body 128, no gauge§23F expensi ve assenbly fixture are
needed to ensure proper interrela- tionship of the conponents. |nstead, the.
only variability fromunit to unit will be the result of nore easily
controlled com ponent tol erances, thus ensuring a_npre uniforn1fLBaI

A &d1ipn

assenbFyngst W0 nFehARYY R thR 4HFesHten PhoElYE0 4Pa4Pnst d

th tral 1 f th t b 28_ W ' tact
Surt acdbrp plls e K aEGs SEV A Pt febponbal 2 CRB B (5,
126. Thigy¥d ntﬁé\%&lﬂlgt%ﬂ bAtRSr & F@oragée@ 5608EQt 8dth¥tBreasRmbike

beari ng assenpl i es 26 into the actuator body 128 across a

rel ati valoh & e % e thel BCha@t Ofig beslyedBB8iand a relatively snmall area
on the outer races 142, 144 of the bearing assenblies 124, 126. Since the

out er race®nkelXidn¥f brsht hadtaheagacefrthgsptébenteinvealtioandst best
actuator body 128 is preferably al um numor magnesium this mni- mzes the
ri sk ofshesmgl imgramnatlcallel in sBIGS cehdr6C . beheredn shrere pdyokamechsody
128. It should also be noted in FIG 5_that the thickness of the wall of
the actd@ms arglydnaMm Hesthpatane a8cabs. t hEEEr n6Bi d1Luphrpkesy & Moy

than tgg%fﬂ¥¥%{iggéﬁg;f§$ogo£f§i§fng'83 ggat discussed in relation to

FIG. 3 above, i.e., a yivot mechanism including a bearing
cartridge subassembly. FIGS. 6A and 6C show alternative embodi-
ments 120A and 120B, respectively, of thé pivot mechanism of the
present invention. A comparison of FIG. 6B to FIG. 6A shows that
both pivot mechanisms 80A and 120A use ball bearing assemblies of
the same size, but that the pivot mechanism 120A of FIG. 6A has a
significantly smaller outer diameter (OD) due to the implemen-
tation of the presént invention, making the pivot mechanism 120a
suitable for use in disc drives of smaller form factors. ;
Comparing the pivot mechanism 80A of FIG. 6B to the pivot
mechanism 120B of FIG. 6C shows ;bat both of these pivot mecha-
nisms have the same overall outer-diameter, but the use of the
present invehtion in FIG. 6C allows the inclusion of a signifi-
cantly larger ball bearing assembly. This larger ball bearing
assembly results in a much stiffer pivot mechanism within the
same physical package. The advantage of a stiffer pivot mecha-
nism lies in its much higher natural frequency, adding to the
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. FIGS. 2 and 3 above. In the present invention, the stresses inposed by
differential thernal expansion and contraction w |l be conpensated for.and
. absorbed by the conpliance of the tol erance -22- rings 110- not-ed abeve —
in the discussion of FIGS. 4A-4D. This in turn allows the outer dianeter of
the actuator body 128 to be reduced, resulting in a nore conpact rotary
actuator assenbly with the sane sizelyﬂj_bearing assenblies. One
significant advantage of the present invVention is best shown
diagrammatically in FIGS. 6A-6C, wherein three pivot nmecha- nisns are drawn

Si m | a0 B REon B kR AN Eh P ERo R A8 & o hove, 0., & pivol

ron fo FIG 3 above, i.e., a pivot

nechanisn1ip&%g@%g@oge?egh%ggoﬁggﬁghggeoquﬁgsqmmékadaé}iiﬁykemmb(%l:ﬂmmN

alternative e ment s A 120B, respectively, of the pivot

mCha”iﬁ&OEhéhfoBéeﬁQHb bEVeRki RAchAniarnabledande NGB denftdl Bore
shows that both pivot neéchani sns 80A and 120A use ball bearing assenblies

of the seyecEi ERe Abtubkar bbdypiiest. mitieadiiamekziA f tHeGcentiak bore
significantly smaller outer diameter (OD) due to the inplenen- tation of

t he presgat innthet padnptmukechgntlsen pi2voto fnddieaprgsartoAnvgntior need ugrlyn
disc drives of smaller formfactors. Conparing the p

o] t chani sm 80A of
FIG 6Bpechehd pitbinnebbati ¢&-5208 30 PG (9o attrgﬁ'&rﬁr}ﬁethese
pi vot ngghas Al §¥5 NAuent ReghrEe ggeral Ik qoteh TRV ikdh)t i Leamie £ he

thus reducing the cost of the pivot mechanism and the entire disc

drive.
Tests have proven the accuracy of the pivot mechanism 120 of

the present invention over normally specified temperature ranges
to be superior to press-fitted pivot mechanisms, and the long
term reliability of the present invention is better than other
~adhesively bonded assemblies.

.The radial stiffness of the tolerance rings 110 is great
enough that in-plane vibration modes of the head mounting arms
supported by the actuator body are not degraded. As a mattif of
fact, in several tested designs of the present invention, the
natural frequency of the pivot meéhanism rose due to the lower
moving mass of the present invention.

In addition, the smaller moving mass of the pivot mechanism
of the preseht invention produces faster access times, improwving
the data handling performance of the disc drive assembly.

Finally, since only the inner races of the ball bearings are
adhesively bonded in the present invention, and the actuator body
is simply press fitted over the outer races of the ball bearings

-_—
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present invention in FIG 6C allows the inclusion of a signifi- cantly
larger ball bearing assenbly. This larger ball bearing assenbly results:in
a much stiffer pivot nmechanismw thin the sanme physical package. "The = -
advantage of a stiffer pivot mecha-_gjsmlies in its nmuch higher natural
frequency, adding to the -23- precision of the entire disc drive.
Furthernore, the conpliance of the tolerance rings 110 allows for the

| oosenin

act uat o é?ﬁgff‘%%‘eg‘a? #eﬁ'sﬁr%f@%?»w%*lebﬂgéf‘t?%égpévb Lﬁ%ﬁ?ﬂ# Jexen
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{he ont1 78 B 2 GoRbETehedy (ERUEERIFATA LR Khl s U R Ry e
nmechani gfe 180eph1iheoBEE8 Nt HNBAR QN A Jay@l |y specified tenperature

ranges to be superior to press-fitted pivot nechanisns, and the long term

reliabilityrefwib® peeegehri Rnamt ithle gy deridteridvwit idels HEE| a@dptd@nded
assenblies. The radial stiffness of the tolerance rings 110 is great enough
t hat intpl aaeryi bubdt the pbdestsf anide atdad il ieTyisararsd safppant &gledy t he
actuator body are not degraded. As a matter of fact, in several tested
designsmgﬁt@ﬁgegrggewglﬂnggnﬁhgﬁp tindierent therein. While a presently

preferred embodiment has been de;éribed for purposes of this
disélosure, numerous changes may be made which will readily
suggest themselves to those skilled in the art and which are
encompassed in the scope of the .invention disclosed and as

defined by the appended claims.
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‘nat ur al frequency of the pivot nechanismrose due to the |ower_noving nass
of the present invention. In addition, the smaller nmoving mass of the pivot
nmechani sm of the present invention produces faster_access ti mes, | npr ovi:Ag

t he data handling-—performance of the disc drive asserrb y-

only the inner ra esBe dball bearings are adhe
pr esent |nv actuator body is sinpl y g[ (i
outer races ‘L r| ngs - 249s.and the tol*eran

m ni mal damage to the relatively experTS| ve

of the pi vot

si nce
ed in the

.. ..

act uat or body S ea5|ly acconpl i shed, thus mnimzing scrap costs and
keepi ng down the overall cost of the entire disc drive. It will be clear

t hat the pr@SAINMSIi nvention is well adapted to carry out the objects and
attain the ends and advantages nentioned as well as those inherent therein.
VWhile a presently preferred enbodinent has been described for purposes of
this disclosure, nunerous chan may be made which will readily suggest

t hensel ves ko t hbsp@atkﬂldchmismr( 2@1&12 11288) forra rtaryrastuakas dng
scope of the invention as defined by the appended cl ai ns.
(10) comprising:

iven t he

a pivot shaft (122) for mounting said pivot mechanism to said disc drive;

upper and lower ball bearing assemblies (124,126), each having an inner

(150,154) and an outer (142,144) race with a ball bearing (129) constrained

therebetween, said inner races being engaged on said pivot shaft;

an actuator body (128) having a central bore (134) for coupling a motor to

one or more read/write heads of the disc drive; characterised by

first and second tolerance rings (110) disposed between the outer races

(142,144) of both the ball bearing assemblies and the central bore to the actuator

body; and

means (136,138,140) for axially spacing said outer races with respect to said

actuator body.

2. A pivot mechanism as claimed in claim 1, in which said axial spacing means

comprises:

a section (136) of reduced diameter in the central bore (134) against which

the outer races of the ball bearing assemblies abut.

3. A pivot mechanism as claimed in claim 1 or 2, in which said axial spacing

means further includes a shoulder (152) on the pivot shaft against which the inner

race of the lower ball bearihg assembly abuts.

4, A pivot mechanism (120; 120A;120B) for a rotary actuator in a disc drive

data storage device (10) having a base member (12) and a plurality of discs (18)



-25- CLAIMS 1. A pivot nechanism (120; 120A; 120B) for a rotary actuator
in a disc drive (10) conprising: a pivot shaft (122) for nounting said
pi vot nechanismto said disc drive; upper and | ower__ba_LL_beaH—ng—assm'rbl | es

(124, 126), each having an inner (150, 154) and an outer (142, 144
a ball bearing (129) constrained therebetween, said u“mmmm Mﬂﬁ
engaged on said pivot shaft; an actuator body (128) bore
(134) for coupling a notor to one or ?ﬁ read/ wite healls 'of the di sc
drive; and nmeans (136, 138,140) for axially spacing said outer races with

respect to said actuator body; characterised by first and second tolerance
rings (110) disposed between the outer races (142,144) of both the ball

bearing assmbtnted FortfdtationOnCA bad mEAbEr 6 the Storade Gt data, ARél¥otary- A pi vot

mechanismas clainmed in claim11, in which said axial spacing néans

conpri ses: @heaor having 4 ffororo22) ﬁduﬁ@ﬁngla@nmmy of readivritehéads|(3H)foe ( 134)
agai nst which the outer races of the ball bearing assenblies abut. 3.

pi vot nechastoring ard reteievingl data, thezpivot imenhadismi chardoterisedby d axi al spaci ng
means further includes a shoul der (152) on the pivot shaft agai nst which
the inner race o4 pivebshaft22) fixedly eaounted tasaidriiasg clasely adjacent 2 dquter A
pivot mec hagén%we%sofctlhg Ipirfrghtlynofcdllgs rz]11nc:lL extzenglilg ?n (f)o 121I v%{tirll %w arx?sl gfa I%tar{l%%ns
of the discs;
lower and upper ball bearings (124,126) having inner and outer races
(150,154,142,144) and a plurality of balls (129) constrained therebetween, the inner
races of the lower and upper ball bearings engaged to the pivot shaft;
an actuator body (128) having a central bore (134), the actuator body
comprising:
first coupling means for coupling the actuator body to said motor;
and
second coupling means for coupling the actuator body to the plurality
of read/write heads;
first and second tolerance rings (110) disposed between the outer races of thle
lower and upper ball bearings and the central bore of the actuator body; and
preload means (152,136) for biasing the inner races toward each othér along
the length of the pivot shaft and for biasing the outer races away from each other

within the central bore in the actuator body.

5. The pivot mechanism of claim 4 wherein the preload means comprises:
a shoulder (152) on the pivot shaft against which the inner race of the lower

. ball abuts; and
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(130, 132) for biasing the inner races toward each other along the |ength
of the pivot shaft and for biasing the outer races away from each ot her

‘Wi thin the central bore of the actuator body. 5. A pivot nmechanism as
claimed in claim4 wherein the prel oad neans comm,mei

(132) secured to the top of the pivot shaft; and a i (;‘1‘3'0)“"
di sposed between the retaining nmenber and the mner”ﬂﬂl’emmammwumkr bal |
bearing toward the inner race of the |ower ball bearing &. n P Vot
mechani smas clainmed in any preceding claim conprising: securing neans for
securing the inner races to the pivot shaft, the securing nmeans conprising

an adhesive to bond the inner race of the upper ball bearing to the pivot

shaft. 7. A Mesa9dn OF ridited ArnEté\d38) P the terthi HofY thé actlatb? BAdyl 20B)

for a rotary actuator in a disc drive (10) including: (a) form ng a pivot
shaft (122)against dich thboutedl @sices b e loiwer and eppetibalitiearingshubut,tthe akialmai nder

of the pivot shaft closely adjacent a | ower end thereof; and (b ) formng

~ an act uat or spgaoihg of tRSputer tacenbeing established ¢hefdl84) ; characteri sed by: form ng
t he actuator body (128) with a central bore (134) having a narrow section
(136) of reduced dianeter at a nedial portion of the actuator body; and in
that the method further conprises: (c) mounting upper and | ower tolerance
rings (110)64i n tHhe pivet merhanisne ofislaim Savwhemsia tho preleadmeansfusther i on
respectivelg; ) _gd) placing a | ower ball bearing assenbly (124) having an
i nner (150) “UPRASKH

a retaining member (132) secured to the top of the pivot shaft; and

a resilient member (13) disposed between the retaining member and the inner

race of the upper ball bearing toward the inner race of the lower ball bearing.

7. The pivot mechanism of claim 6 wherein the preload means further
comprises:

securing means for securing the inner races to the pivot shaft, the securing '
means comprising an adhesive to bond the inner race of the upper ball bearing to the

pivot shaft.

8. A method of manufacturing a pivot mechanism (120;120A;120B) for a
rotary actuator in a disc drive (10) characterised by: ' .
(1) forming a pivot shaft (122) having a shoulder (152) of larger diameter than
the remainder of the pivot shaft closely adjacent a lower end thereof;
(2) forming an actuator body (128) with a central bore (134) of a first
diameter and a narrow section (136) of reduced second diameter at a
medial portion of the actuator body;
3) mounting upper and lower tolerance rings (110) in the central bore

above and below the narrow section respectively;
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'outer race (142) onto the pivot shaft so that the inner race abuts agai nst
t he shoul der of the pivot shaft; (e) pressing the |ower ball bearing =
-assenbl y supported on the pivot shaft into the central bore below the ;, '_
narrow section until the outer race of the | ower Wy

abuts against the |ower surface of the narrow sectlm t her eby conpreéssing

the I ower tolerance ring between the outer race of ﬂwmulﬂ)m Marl ng
er ball

assenbly and inner surface of the actuapgr body;
bearing assenbly (126) having an inner (154) and an outer Y 1%4) srace onto
the pivot shaft and into the central bore until the outer race of the upper
bal|l bearing assenbly abuts agai nst the upper surface of the narrow
section, the@)ebyplacimgradewenyall bearingrmssentbly €124) havingrag ibmerv@80) dridearout er
race of the upper ball bearing assenbly and the inner surface of the

actuat or body; a@wtex reelfiddiantp thegivotisbaft sethat tre inher mppabutphagdingsdhe i ng
assenbly toward the |ower ball bearing assenbly. 8. The nmethod of claim
7 further conprlglqll‘&ieﬂ'lﬁ’@ﬂﬁﬂﬁobﬁh t{h) placing an adhe5|ve on the inner race

of the upper bal | bearing assenbly prior tqQ step so, that the inner
race of thelppePressing ﬂl?gﬂwph ﬂbEW@WHE&“RW@@“@%BKVOEME subsequent

to ste bei n | et e 9 he net hod, of m 8 wherein ste
)conpr!os(eg? applgﬁ%g’r‘r’paf’eﬂ D18 below: et"&“PWeseﬁtb‘H’ertﬁ%rgﬂ’XS%P@Fs“%Q‘q nngg grgace

of the upper bal{  he %lie%cgﬁﬁg BRiween #outer race of the lower ball bearing

assembly and inner surface of the actuator body until the outer race of
the lower ball bearing assembly abuts égainst the lowei' surface of the
narrow section; |

(6)  placing an upper ball bearing assembly (126) having an inner (154) and
an outer (144) race onto the pivot shaft and into the central bore, thereby
compressing the upper tolerance ring between the outer race of the upper
ball bearing assembly and the inner surface of the actuator body until the
outer race of the upper ball bearing bearing assembly abuts against the upper
surface of the narrow section;
and

@) biasing the inner races of the upper ball bearing assembly toward the

lower ball bearing assembly.

9. The method of claim 8 further comprising the step of:
(8)  placing an adhesive on the inner race of the upper ball bearing assembly
prior to step (6) so that the inner race of the upper ball bearing becomes

bonded to the pivot shaft subsequent to step (7) being completed.

10.  The method of claim 9 wherein step (7) is accomplished by:

applying a preload fo'rce to the upper surface of the inner race of the upper

ball bearing assembly; and - This Sheet Has Been Repl
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-28- maintaining the preload force on the inner race of the upper ball
bearing assenbly until.the adhesive bonding of step(h)is conplete. 10. The
‘met hod of claim8 wherein the step( g )conprises: placing a resilient %i.. |
nmenber (130) on the pivot shaft to press agai nst—t—heﬂ—nnvr’rﬁc‘e"?ﬁ—the ?:"“‘\;_

upper ball bearing assenbly; and securing a ret &i.ner near t he
top of the pivot shaft so that the resilient menb ‘“gﬁm bet ween
the retainer nenber and the inner race-g§-the upp risng*assenbl y
to thereby apply preload force to the upper and | ower ball bearing
assenbl i es.

maintaining the preload force on the inner race of the upper ball bearing

assembly until the adhesive bonding of step (8) is complete.

11. The method of claim 9 wherein the step (7) is accomplished by:

placing a resilient member (130) on the pivot shaft to press against the inner
race of the upper ball bearing assembly; and

securing a retainer member (132) near the top of the pivot shaft so that the
resilient member is compressed between the resilient member and the inner race of
the upper ball bearing assembly to thereby apply preload force to the ball bearing

assemblies.
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