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“present invention relates generally to disc drives. Mre parti cul arlgﬁ
present invention relates to a pivot mechanismfor a rotatable actuator in
a 10 hard disc drive (HDD) and a HDD ghat includes such a pivot

mechani sm Background of this |nvention In HDD' s rotary actuators are used
to position magnetic transdBEARINGIRBIVOEE@R DIS6DRAIECt ed i nf or mati on
bearing tracks on the discs. The transducers have®to be positioned with
great precision by the servo-nmechanismdriving the actuators (usually a
voice coil motor - VCM which requires that the actuator should have a
small frictional resistance to rotation along with no | ooseness or-

backl ash due to clearances in the pivot bearings of the actuator. Such

pi vot 26 bearings have been provided by two spaced sets of ball bearings
housed in annul ar races which are nounted between a shaft, and a

rotatabl e housing. The shaft i FieldlOf Ehe tmventimse of the HDD and the
actuator body is mounted on the housing. The bearing sets are pre-| oaded
so that each exerts a small axial force on the other to elimnate the

internal clear amprﬁsehhmvbﬂﬁén "r\QétesT@&é"ﬁIhPf&dls%a@l'l\fe%r Cﬂo?@?ﬁh?ctl}?aerly

adj usted czﬁ?eful Ié/ provi de adequate dynam c properties W
i ncr easi ng ‘tRHE$E rﬁtm‘tﬁﬂilonrr@bﬁt% meaivet met:bamsnm for arnqxtm}abtmf adtbatorassenbl y

to an ac t r is frictional torque is
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particularly for high track density appl I cations. 30 Another problemis
that of cost. In Fi DD appli Ca%%‘? gher (1ual ity ball bearings are
required to assure proper (pr rBHPerW'B Bﬁeﬂﬁﬁﬂon of the actuator.
For exanple, a ball bearing of requisite quality will generally cost
about one-third of the total cost of the pivot bearing arrangenent. In
order to In HDD'’s rotary actuators are used to position magnetic transducers

15 (heads) over selected information bearing tracks on the discs. The transducers
have to be positioned with great precision by the servo-mechanism driving the
actuators (usually a voice coil motor - VCM) which requires that the actuator
should have a small frictional resistance to rotation along with no looseness or
backlash due to clearances in the pivot bearings of the actuator. Such pivot

20 bearings have been provided by two spaced sets of ball bearings housed in
annular races which are mounted between a shaft, and a rotatable housing.
The shaft is mounted on a base of the HDD and the actuator body is mounted
on the housing. The bearing sets are pre-loaded so that each exerts a small
axial force on the other to eliminate the internal clearances of the bearings. The

25 pre-load force has to be adjusted carefully to provide adequate dynamic
properties without increasing the frictional resistance to rotation (torque) of the
assembly to an unacceptable extent. Nevertheless this frictional torque is
significant and lowering it as much as possible is hlghly desirable, particularly
for high track density applications.

30 Another problem is that of cost. In HDD applications, higher quality ball
bearings are required to assure proper (precision) servo-operation of the
actuator. For example, a ball bearing of requisite quality will generally cost
about one-third of the total cost of the pivot bearing arrangement. in order to



1 6 DEC 2003 2 stay conpetitive, HDD manufacturers continually seetgl OFE" 2003
"cost design options. US Patent No. 5510940 entitled "Ball Spindle r
Reduced Friction Rotary Actuator in Disk Drive" by T.A Tacklind et al,
granted April 23, 1996, 5 discloses a%m)dified two bearing arrangenent in
whi ch a furiher ball js associated with each of an upper and | ower ball
bearing sef@¥% ppRiitive; HBDDr spanyfagurerst contiiuallydiseek diowee. cbivelesign

whi | st t hi g fBNgProvide a reduced friction solution, it does not

signi ficant Ipy reduce costs because two specialised baII bearing sets are
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2 arrangement is confined by a moving concave bearing surface of the rotatable

15 actuator and a corresponding fixed concave bearihg surface of a fixed
component. This structure, however, principally improves shock resistance but
at the expense of increased friction because the area of contact between the
balls and the concave bearing surfaces is increased compared with a
conventional design using multiple balls in an annular race.

20 A need exists to provide a low friction bearing pivot mechanism for a
rotary actuator in a disc drive at a low cost. The present invention meets this

need and offers other advantages over the prior art.

Summary Of The Invention
25
The present invention relates to disc drives that have a pivot mechanism
for the rotary actuator which meets the above mentioned need.
In accordance with one embodiment of the invention there is provided a
disc drive which includes a base on which a drivable spindle is mounted. The
30 drivable spindle carries at least one disc having a plurality of data storage tracks
thereon. A rotatable actuator assembly is mounted on the base via a pivot
mechanism and this assembly includes an dctuator body and a transducer
mounted on the actuator body which is positionable adjacent a data storage
track on the disc on rotation of the actuator body. The pivot mechanism of the
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~disc. drive which includes a base on which a drivable spindle is rme§eﬂ C 2003
~The 30 drivable spindle carries at |east one disc having a plurali E
data storage tracks thereon. A rotatable actuator assenbly is nounted on

the base via a pivot mechanismand thys assenbly includes an actuator

body and a transducer munted on the actuator body which is positionable

adj acent a FHAHOEASFURRlY hasat shafhmoveted e thmbase and arhaising)¢o adfictathe

body. The pj ' t 0p3 actuator assenbly has a
shati mount et Badr b aRded. Riabol Mol Ghhe S6at " Becaseinabtia <
attached, houaingbdry thepshafeds via drhanisiiaf ball BB&rin® 48t forgtedf ndédlco MU on
the shaft is via an annul ar ball bearing set |ocated near to the base end
of the sha@da%@hgnﬁ%g?"a@d}q% Rearing sirectura whichsispprovideedbpcoeastangt i ng
5 surfages Sgﬁabﬁoﬁﬂﬁéh%dhﬁm&%@g- I n anot her enbodi nent the

chani sm™as

I nvention provides a pivot ne such for a rotatable actuator in
a disc drive. Pirfanciieryerthedinent the stventionrmrovigepr @\pivstdmthanisii\dax

surface on he_shaft .or on the housi ng whi ch engages a concave

surf ace Ons?ﬁ%f&'fl%rog%ﬁye 8%”?{% '%3@?%6”‘6? the shaft. Preferably the
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surfaces of the shaft and the housing may be such as to define a point bearing.
15 Preferably the convex surface is on the shaft and the concave surface is on the
housing.
These and various other features as well as advantages which
characterize the present invention will be apparent upon reading of the following

detailed description and review of the associated drawings.

20
Brief Description Of Drawings
el Fig. 1 is an exploded view of a hard disc drive.
Fig. 2 is a cross-sectional view of a prior art pivot mechanism.
25 Fig. 3 is a cross-sectional view of a pivot mechanism according to an
embodiment of the invention.
Detailed Description

30 Fig. 1 shows a disc drive 10 in exploded view. Briefly, the disc drive 10

includes a housing base 11 and a top cover 12, which engage a gasket 13 to
form a sealed housing that maintains a clean-environment inside the disc drive
10. A plurality of discs 14 is mounted for rotation on a spindle motor hub 15. A
plurality of transducer heads 16 is mounted to an actuator body 17. The



_Fig. 1 is an exploded view of a hard disc drive. Fig. 2 is a 1 6 DEC 2003
" cross-sectional view of a prior art pivot mechanism 25 Fig. 3 is a
cross-sectional view of a pivot nechani smaccording to an enbodi nent of

the invention. Detailed Description 34Fig. 1 shows a disc drive 10 in

expl oded view. Briefly _the disc drive 10 includes a housing base 11 and
a top covelaCYILEtOWLPPQM thdm gdantesh nepivatal traotigrounder seatreldohausoieg ¢diat

i nt ai | ty i A2S) ' i 10. Aplurality of
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used to control the VCM and the heads 16 pass via a and a
connect or 2Jitre chaans! intesfacel 25.ta seiial poirt colnecior?6 andtar spihele dsTedGH.

The controbker r ' i hre chann interface 25, a serial
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11 via a pivot meckk%nis 30,  sonetines terned a pivot cartridge. 10 A
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The actuator bo I's attac ousi'n _ _
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the frictional resistance to rotation of
known as a pre-load. |t eliminates internal clearances in the bearing sets 36,
15 38, but requires careful adjustment so as to ensure adequate dynamic
properties without unacceptably increasing the frictional resistance to rotation of
the housing 34 and thus of the actuator body 17 and transducers 16.
Providing two ball bearing sets 36, 38 is relatively expensive and
moreover, it is desirable that the frictional resistance to rotation be lowered as
20 much as possible compared to that in a conventional pivot cartridge 30 as
shown in Fig. 2, particularly for high track density discs.
) According to the invention, the pivot cartridge 30 is replaced by a new
i pivot mechanism or cartridge 40. Fig. 3 shows an embodiment of the assembly
of the pivot mechanism 40 in a disc drive 10. The pivot mechanism 40 is
25 threaded through a hole 33 in the actuator assembly, which includes the
actuator body 17 and transducer 16. The actuator assembly is secured to the
pivot mechanism 40 with a C-clip 28, which is clamped onto the catch 64 of the
pivot mechanism 40. The actuator assembly and pivot mechanism 40 are then
secured to the base 11 of the disc drive 10 with a screw 29, the pivot
30  mechanism 40 having a threaded shaft 35 to couple with the screw 29.
Fig. 4 shows the pivot mechanism 40 contains a shaft 42 on which is
mounted a housing 44 to which the actuator body 17 is attachable, the shaft 42
being mountable on the base 11. The housing 44 is rotatably mounted on shaft
42 by an annular ball bearing set 46 which is located on the shaft 42 in



.the housing 34 and thus of the actuator body 17 and transducers 16. EC 2003
~Providing two ball bearing sets 36, 38 is relatively expensive and 16 DEC 2
noreover, it is desirable that the frictional resistance to rotation be
lowered as 20 much as possible conmpargd to that in a conventional pivot
cartridge as .. sho in Fjg. 2, particularly for high track density
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annul ar baPP 'BEFACR@nddtius gowt & Pravide,anetaar beating:seprart spacachiramethBEC
2003 510 pr syil ek the base 11 nounting end thereof, and a spaced
beari ng structurené§$0v§ded by co-acting surfaces 48 of the shaft 42 and
50 of the housi A§eqivotThechanisiniy) lasseoiblett by dixthovthednndyamngsr ring 56
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shaft 42 is fﬁ(ged as an e surface on the shaft. Surface 48 i's convex
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t he wall of a larger diameter section of recess 52 that terminates in a shoulder 62.
Effectively, the co-acting surfaces 48 and 50 define a point bearing.
Although conical surfaces 48 and 50 are preferred, smoothly curved
surface shapes are possible, or if conical surfaces are employed they may have
20 included angles which differ from those mentioned hereinbefore, provided the
co-acting surfaces contribute minimal friction against rotation of the housing 44
| on shaft 42. Appropriate surface shapes, or included angles for conical
iy surfaces, may be chosen in accordance with the minimal friction requirement
and depending on the materials of the shaft and the housing. Preferably the
25 shaft 42 and housing 44 are formed from stainless steel.
An advantage of the invention is that a lower cost pivot cartridge is
provided because of the elimination of one ball bearing set. This may allow a
cost saving of about 20 to 30%. Another advantage is that a lower friction
torque is achieved compared to the conventional design because of the
30 elimination of one ball bearing set. That is, the friction contributed by a point
bearing of the present invention can be engineered to contribute less friction
than the eliminated ball bearing set in that the'area of contact between the co-
acting surfaces 48 and 50 is much less than that in a bearing set,
notwithstanding that the point bearing involves sliding friction compared to



) 10 bal | beari ng set 46. The pivot mechanism 40 is assenbl ed by fixin

inner annular ring 56 of sealed bearing set 46 to the shaft 42, dagrggfazum
shoul der 58 thereon, by an adhesive. The housing 44 is then assenbled
onto the shaft and a pre-load appliedgto the outer ring 60 of ht hebb_earlng
set 46 relatj.ve t.0.the using 44, with 15 the outer ring 60 then being
adhesi vel y r?"'%cft" 'PBO'?-he&ﬂbag‘P r agvantagg ishibat mpivot wartridgé as Hesgived

di amet er sepbVia8s &f sk ¢Sen 1aht ' n shouh%r. 62. .

Ef fecti vel S‘Eﬁ t he cos-_ ag_tﬁi ng Eazcrt(?gcég %ngﬁﬁgﬁa%\éqq?%eg ?r'lfta%gﬁp%.‘s

Al t hough c@enesatedyitf witlebe 4®ndaided dnside theeéeﬂﬁit?/e@rméﬂﬂw hbdedsu sze&hove

surface sh e possible, or if conical surfaces are enployed they may
have 20 i %@?%&3&3‘%{&@ ZZ@ which differ fromthose nentioned herei nbefvore,
provi del the co/agithérdmethddaefeseAbs I entd s folibiva! | on agai nst
rotation of the housing 44 on shaft 42. propriate surface shapes, or

i ncl uded angl es A disc&bivec] magierymota baseRdpa drivabisn spindie ¢9 nGuTTed Wt h

th I Ni LEL IngQN J: ' try.. 8 ending on the materials of the
shart and theCRse iy SRETEE e HEe 90 hpRedhs dioGiurgtaoknre
formed froifhetdisaldese 14X aleb.hadna adetableaRtitol Hesdri§RihieR id ?nc%J?‘ﬁ‘éd ! over
cost pivot cartrid .S provided because of the eliimnation of one ball

bearing sefl® PASE Fhyiaa &4 meeranign#hgThe agtator ZBsembhodicivdes laer
advant pge kgtudiét bad W%nﬁrécﬁér%guggpr‘l%uﬁndu%t&f Q)'ne¥t?eg ﬁé?u@arlr %ggtg_? i ge st |

conventional design because of 't ) el'i mnation o
That is, tHansduear ¥hcawbemdsitoeedmdjacenoitnt ddiaatorage efackZD o @56 disc

i i ' d trigute. | friction than the
el 1 i nat ed BT Tosgioh oF A8 chfauibdy 12 TreiDeat meshauemee weaks with go-
acting surshsfes24BoandSéh tie BHSS 1hastl & Msiads | gfahégﬁﬂe: %t%luéfotr’bod

notw t hst andi ng that the point bearing involvés sli ron cofpar ed
to 1 6 DEC'2d9®8ttached Thengctuptartis setatably mMouatest oe thadhafid@gsy aa drinatara

o ehel A Sy SETGCh BT ol Rl e Bt Yo o
therefrom which is provided by co-acting surfaces of the shaft 42 and the
housing 44. The bearing structure is provided by a convex surface 48 on one of
an end of the shaft 42 and the housing 44 engaging a concave surface 50 on
the other of the end of the shaft 42 and the housing 44. The convex 48 and

20 concave 50 surfaces are conical with the concave surface 50 having a larger
included angle than the convex surface 48. The included angle of the concave
surface is about 120° and the included angle of the convex surface 48 is about
90°. The bearing structure is provided by a convex surface 48 on an end of the
shaft engaging a concave surface 50 on the housing. The co-acting surfaces 48

25 and 50 define a point bearing.

The present invention also provides a pivot mechanism 40 for a rotatable
actuator in a disc drive 10. The pivot mechanism 40 comprising a shaft 42
mountable on a base 11 of the disc drive and a housing 44 to which an actuator
body 17 of the disc drive 10 is attachable, rotatably mounted on the shaft 42 by

30 an annular ball bearing 46 and a bearing structure spaced therefrom which is
provided by co-acting surfaces 48 and 50 of the shaft 42 and the housing 44.

It is to be understood that even though numerous characteristics and
advantages of various embodiments of the present invention have been set
forth in the foregoing description, together with details of the structure and
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generated, it will be contained inside the cavity formed by recess 52

above sealed bearing 46. 5 Another nethod to describe the inventigg bECafﬂua
follows: A disc drive 10 nmade up of a base 24, a drivable spindle

mounted on the base 24, wth a disc 14. The disc 14 has nunerous data
storage tracks 20. The disc drive 10 &l so has a rotatable actuator
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The convex r r b € duR
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sur face 50 dmpbdiget baseMed hardin #edirdtgl o d1BRof A chaRkAY 1H4d A, The
included angl e of the concave surface is about 120 and the included angle
of thel@oni@ bard dise drive, st wilbbe amweciates bydhose skilleddhuhe ar$ thattHeded

by a conve . the ,shaft. engaging a concave surface
55 on'the. teadings S dedhRtedion i b2 8bvied W aing) sisrie eptpit
beari ng. Thitsqpdrse Bystemss Without dlepartiigoirbiietheasdpeohndRpirifStRb4%etaht a
rotatable .actyator in a disc drive 10. The pivot nmechani sm 40 conpri sing
a shaft 42 '”\f%\li'ﬁf‘abl e on a base 11 of the disc drive and a housing 44 to
whi ch an actuator body 17 of the disc drive 10 is attachable, rotatably
mounted on the shaft 42 by 30 an annul ar ball bearing 46 and a bearing
structure spaced therefromwhich is provided by co-acting surfaces 48 and
50 of the shaft 42 and the housing 44.



It is to be understood that even though numerous characteristics arjd§ DEC 2003
advant ages of various enbodi nents of the present invention have been set
forth in the foregoing description, td@ether with details of the structure
and 16 DEC 2003 7 function of various enbodinents of the invention, this
di sclosure is illustrative only, ag& changes may be nade in detail,
especially in matters of structure ISy rangenent of parts within the
principles of the present invention to the full extent indicated by the
broad general aning of the terns in which the 5 appended clains are
expressed.lFo SCAFPICcomPRsingar t i cul ar el ements may vary depending on the
patticul ar application for the pivot nechanismwhile maintaining
substantially the same functionality wi thout departing fromthe scope and
spiri® of theapassent invention. In addition, although the preferred
enbodi ment described herein is directed to a pivot nechanismfor an

actuator 10 in a hard disc drive, it will be appreciated by those skilled
in the art thafothtible at@AGPhRERD ishY, | ' be applied to
ot her systens, |ike hard disc r?b gy ?@ﬁ%@mk?¥ﬁﬁi#8§8%%$Pﬂﬁg fromthe

scope and spirit oposititmableadianent aidatasstdragmtrack o LHE; 2003 8 Clains 1. A
disc drive conprising: 5 a base; a rotatable actuator assenbly conpri sing
a transducer, the transducer being positionable adjacent a data storage

traclo on a di spivoemechbfisth UnvsHsidERLIRRIREUNERABY ths bAG ﬁd%{]ﬁh&ing?&”t ed on
t he base and a housing to which the actuator is attached rotatably

mount ed on the _sha‘i"’li1ic Weaa}?tua&?fﬁ%lF%Ch%hﬂtatﬁiéamqmgte!dwa_h@mafﬂr@dnmte to the
base and a bear | Nyl BhilheyindNAGEM SBRRAN 8ThBleind § bBLON 590

engagi ng surfaces o
spaced therefrom which is provided by engaging surfaces of the shaft and

the housing.
15
2. Adisc drive as claimed in claim 1 wherein the bearing structure is provided by a
convex surface on one of an end of the shaft and the housing engaging a concave

surface on the other of the end of the shaft and the housing.

20 3. A disc drive as claimed in claim 2 wherein the convex and concave surfaces are

conical with the concave surface having a larger included angle than the convex

surface.

4. A disc drive as claimed in claim 3 wherein the included angle of the concave

25 surface is about 120° and the included angle of the convex surface is about 90°.

5. A disc drive as claimed in claim 2 wherein the bearing structure is provided by a

convex surface on an end of the shaft engaging a concave surface on the housing.

30 6. A disc drive as claimed in claim1 wherein the co-acting surfaces define a point

bearing.



the housing. 15 2. A disc drive as clainmed in claim1l wherein the bf@“m 2003
structure is provided by a convex surface on one of an end of the sha ‘
and the housi ng engagi ng a concave st face on the other of the end of the
shaft and the housing. 20 3. A disc drive as clainmed in claim2 wherein

t he convex and concave surfaces are conical with the concave surface
having a | arger included angle than the convex surface. 4. A disc drive
as cl ai med 7. nAgietmé@hwfiendomna idtableGtuaeinangsed e, Eﬂa@i%@ﬁ&}&&is@
surface is about 120 and the included angle of the convex surtace is about
90. 5. A disc’UYPPR¥&s claimed in claim?2 wherein the bearing structure is
provi ded by aj siGHiW ; L he shaft engaging a concave
surface on thaeS hous?ﬁg?ﬁlg%ﬂ%%agﬁoﬁg}%&g?fi@{éela%ldcI aimed in claim1 wherein

t he cd-acting surfaces define a point bearing. 1 6 DEC 2003 9 7. A pivot
mechani sm f or g rotatable actuator in a disc drive, the gi vot mechani sm
conpri si ng: PSS HHYTACR AR acypton bedyeol the dispdrivg isattaghablel rotatablys a

housi ng, to whi ch mBumed YatH f [ i i t t achabl e,
rotatably Onmounted on the Eﬁzf%‘?@% agﬁngﬁﬁuﬁf&gﬁ% X@e%??a%é%asﬁa%gmbeari ng
structure spaced t¥pageskthenefram which & povdedibyl egagmmpgacfaceg of didf shafRan@f t he
shaft and the hous[i}]lggo s%n disc drive as clainmed in which the bearing
structure is provide %y i protrusion on one of an end of the shaft and

t he Wousi ng engaging a recess in the other of the 159.end of the shaft and
the housing. A disc drive as claimed in claim8 in which the protrusion is
on an end gf e dhive es ghaimediia whiehths bearingstrugareispsovided by a protrusion

on one of an end of the shaft and the housing engaging a recess in the other of the

end of the shaft and the housing.

15 9. A disc drive as claimed in claim 8 in which the protrusion is on an end of the shaft

and the recess is in the housing.

10. A disc drive as claimed in claim 1, in which the actuator further comprises an
actuator body to which the transducer and the housing are mounted, the disc drive

20 further comprising:
a drivable spindle mounted on the base; and

a disc having a plurality of data storage tracks carried by the spindle.

25
11. A pivot mechanism as claimed in claim 7 in which the bearing structure is
provided by a protrusion on one of an end of the shaft and the housing engaging a
recess in the other of the end of the shaft and the housing.
30 '12. A disc drive as claimed in claim 7 in which the engaging surfaces contact each

other at a single point.
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10. A disc drive as clained in claim1, in which the actuator further C 2003
conpri ses an 20actuator body to which _ghe transducer and the housi nz arD(,E
nount ed, the disc drive further conpr# ing: a drivabl e spindle nounted on
the base; and a disc having a plurality of data storage tracks carried by
the spindle. 25 11. A pivot nechanismas clainmed in claim?7 in which the
bearing structure is provided by a protrusion on one of an end of the
shaft and tlReAhbscsdmg srbagedh daint Bpmﬁshlbmtﬁeﬁﬁo@&swls%m%ﬁle end of the
shaft and the housing. 30 12. A disc drive as clainmed in claim7 in which
t he engagi ng surfaces contact each other at a single point. 10 13. A disc
drive as clial Kefsd | Al S_coni 14. A

di sc drive as cl aldr?e‘g a?r?m(l:ﬁll%ﬁl%rblm PlhmVWclPﬁ]t%h)r&%s? r‘ﬁs?PSHeP‘i J(r)ﬂ“‘:an end of
the %haft. 1€haBEC 2003 1 6 DEC 2003 11 BEARI NG Pl VOT FOR DI SC DRI VE
Abstract O The Disclosure A disc drive in which the rotatable actuator is
nmounted on a base of the 5 disc drive by a pivot mechanism The pivot
mechani smis nade up of a shaft on which a housing is rotatably nounted by
a lower ball bearing set 46 and an upper bearing provided by co-acting
surfaces of the shaft and the housing. A pivot nechanismas such is also
provi ded. FIG





