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‘present invention relates generally to disc drives. Mre particul arl
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 cl ear amtesprisehhmvenssh "r\QétesT@&é"ﬁIhPf&dls%a@l'l\fe%r Cﬂo?@?ﬁh?ctl}?aerly

adj usted careful | provi de adequate dynam c properties W
i ncr easi ng%q’l@"%g@tm‘fﬂfﬁpnrr@bﬂ% meaivet met:bamsnm for arnqxtm}abtmf adtbatorassenbl y

to an ac t r s frictional torque is
si gni f?jdgan?]%gé\gglcgd\{eﬁ)rél%ﬁl?)t Mgds/grrl-ﬁu[glﬁ tﬁ% 'BB@Q%FHCh 8 iy HT¥§C $Mabl e, _
particularly for high track density applications. 30 Another problemis

that of cost. In Fi DD applic gher quality ball bearings are
required to assure proper (praé%‘f rBHPds%frtPBqBMeﬂﬁ'?ﬂon of the

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



~actuator. For exanple, a ball bearing of requisite quality wll gengﬁgbg 2003
"cost about one-third of the total cost of the pivot bearing arrang nt.

In order to 1 6 DEC 2003 2 stay conpetitive, HDD nmanufacturers
continually seek | ower cost design opjions. US Patent No. 5510940
entitled " B?II eﬁﬁgndl e for Reduced Friction Rotary Actuator in D sk
Drive" by P& Retitivg. DR manufactimerapcontimelly1866k loweti sostosksigh
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arrangement is confined by a moving concave bearing surface of the rotatable

15 actuator and a corresponding fixed concave bearing 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



25 The present invention relates to disc drives that have a pivot EC 2003
mechanism for the rotary actuator which neets the above nentioned 1n§eg.

I n accordance with one enbodi nent of the invention there is provided a

di sc drive which includes a base on whch a drivable spindle is nounted.

The 30 driv?ble spindl e carries at |east one disc having a plurality of
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h
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surface on a end of the shaft or on the housin engages a concave
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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



_housing. These and various other features as wel| as advantages whi t§ DEC 2003
- characterize the present invention will be apparent upon reading of the
following detailed description and review of the associated draw ngs. 20
Brief Description O Drawings Fig. 1 ig an exploded view of a hard disc

view of a prior art pivot nechanism 25
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control |l er boar.d 24. Thg caontroller board 24 includes a fibre channel
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I's mounted on the base 11 via a mecha
p| vot car t whitheis mounted a housing 34 via two spaced annular ball bearing sets 36, 38.
o The actuator body 17 is attached to the housing 34. The ball bearings 36, 38

are positioned so that each exerts a small axial force on the other. This force is

known as a pre-load. It 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
g / 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



.10 A prior art pivot cartridge 30 (see Fig. 2) is nmade up of a shaft gz é[?

- 15 which is nounted a housing 34 via two spaced annul ar ball beari ng1 d 003
36,38. The actuator body 17 is attached to the housing 34. The ball
bearings 36, 38 are positioned so thag each exerts a small axial force on

the other. Thi.s.force is knpown as a pre-load. It elimnates internal
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The acigat I d pivot nmechanism 40 are then secured to the
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2003 applied to the outer ring 60 of the bearing set 46 relative to the housing 44, with
15 the outer ring 60 then being adhesively fixed to the housing 44 along the inner
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



5 'proxi mty to the base 11 nounting end thereof, and a spaced bear,

structure provided by co-acting surfaces 48 of the shaft 42 and 5 E?DE(F]JUM
housi ng 44. The housing 44 includes a downwardly open cylindrical recess

52 having an end wall 54 which providgs the surface 50, which surface 50
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formed froffd$ éttﬁ%%(g Thecactualmt is aetatably movihtechen ithe shaft d@ bys ah kainutar! ower

cost piyot heRbbhHRYE6!IScated proximate to the base 11 and a bearing structure spaced
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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provi ded because of the elimnation of one ball bearing set. This may

allow a cost saving of about 20 to 30% Another advantage is that @ Qggezuua
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an end of the shaft 42 and the housi ng 44 engagi ng a concave surfadeﬁSﬁE@gum
the other of the end of the shaft 42 and the housing 44. The convex 48 an

20 concave 50 surfaces are conical wth the concave surface 50 having a

| arger included angle than the convex surface 48. The included angl e of

t he concave surface is about 120 ang fhe included angle of the convex
surface 48 is about 90. The beari nﬁ?@ijcture is provided by a convex
surface 48 on an end of the shaft engaging a concave surface 50 on the

housi ng. The &O-'acé‘ii ng surfaces 48 25 and 50 define a point bearing. The
present in i ¢ WEOopWEsinges a pi vot nmechanism 40 for a rotatable
actuator in a disc drive 10. The pivot nmechanism 40 conprising a shaft 42
nount abl e on a base 11 of the disc drive and a housing 44 to which an
actuator bodybasg; of the disc drive 10 is attachable, rotatably nmounted 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 § hrathsly St i : even t hough
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together with details of the structure and 16 DEC 2003 7 function of
various enbodi ments of the invention, this disclosure is illustrative
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structure and arrangenent of parts within the principles o he present
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i nvention. In additf88""8 t hough the preferred

16

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.



enbodi ment described herein is directed to a pivot nechani smfor anlq D§§ 2003
actuator 10 in a hard disc drive, it wll be appreciated by those skill ‘
in the art that the teachings of thevgpresent i nvention can be applied to
ot her systens, |like hard disc drive systens, w thout departing fromthe
scope and spirit of the present invention. 1 6 DEC 2003 8 Clains 1. A
disc drive conprising: 5 a base; a rotatable actuator assenbly conpri sing
a transducét, Atpiecttmerhamisiador Deititgble BQEAHE PNAALEIRE, ﬁfé‘iii‘{r]ot?nééﬁglﬁs torage
track on a disc; and 10 a pivot mechani sm conprising a shaft nounted on
the base and €™M g to which the actuator is attached rotatably
mount ed on t hggshak, .bearing |l ocated proxinmate to the
base and a begﬁi ng g?@ﬁ%?g?gw%fgg%&?%g?gqf%% whi ch is provided by

engacf ng surfaces of the shaft and the housing. 15 2. A disc drive as
claimed inclaim1l erein the bearing structure is provided by a convex
surface on ongh%qm%m@o ngcgpnlaﬁtgatgﬁéﬂy frthe dise drivisiaftachahlsatsitatably concave

e

surface on (he ot habuRkd b ) oh 1S @ B DRUSHD9, 20,3 A disc

drive as clainmed in claim?2 wherein the convex an% concave®sur

conical with the ctpeedibersiromawhichispravided byengagingrsulfactks df aegdhafttah@n t he
convex surface. 4 ﬁ‘oﬁgiﬁc drive as clainmed in claim3 wherein the

i ncl uded angl e of tPﬁe concave 25 surface is about 120 and the included
angl® of the convex surface is about 90. 5. A disc drive as clainmed in

claim?2 V\:h%l’ e}'\r}ﬁt he bearjng structure is provided by a
. sc drive as claimed 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.

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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convex surface on an end of the shaft engaging a concave surface on9t¢: EC 2003
housing. 30 6. A disc drive as clali rreq in claiml wherein the co-acti ?
surfaces define a point bearing. 1 6 BeC 2003 9 7. A pi vot mechani sm for
a rotatable actuator in a disc drive, the pivot nechanism conprising: a
shaft nountable on a base of the disc drivel; and 5 a housing, to which an
actuator body of the disc drive is attachable, rotatably Onpbunted on the
shaft by anl3aAndiscadriveadsiclaved imgaianti & wigah iHGréiusist Wkenispaced t herefrom
which is provided by engagi ng surfaces of the shaft and the housing. 8. A
disc drive as claimed in which the bearing structure is provided by a

pr ot rusi on 1aNAQH&: ; fiy sing . en I a recess
in the other of thdeﬁvlegag.cgaﬁr}ge(g{n étlﬂgl isslhh%f‘%m%gle%pﬁ@n&gou%sﬂs Rg.a“ g@?i@‘%drl ve as
claimed in clgi@éf 8 in which the protrusion is on an end of the shaft and
the recess is in the housing. 10. A disc drive as clained in claiml1, in
whi ch the actuator further conprises an 20actuator body to which the
transducer and the housing are nounted, the disc drive further conpri sing:
a drivable spindle nounted on the base; and a disc having a plurality of
data storage tracks carried by the spindle. 25 11. A pivot nechani sm as
claimed in claim7 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 housi ng.



30 12. A disc drive as clained in claim7 in which the engagi ng surfaces ‘
contact each other at a single point. 10 13. A disc drive as clai neb 6i BEC 2003
claim1l in which the protrusion is conical. 14. A disc drive as clai ned
inclaiml | in which the protrusion_is on an end of the shaft. 16 DEC
2003 1 6 DEC 2003 11 BEARI NG PIVOT FER DI SC DRI VE Abstract OF The
Di scl osure A disc drive in BEARINGIPIVOT RORIDISECORAYR’ i S nounted on a
base of the 5 disc drive by a, pivot hani sm The pivot mechanismis
made up of a shaft on which a@igﬁgﬁﬁ ihﬁcﬂ'ét:lﬂﬁlvermunt ed by a | ower 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 provided. FIG

disc drive in which the rotatable actuator is mounted on a base of the

5 disc drive by a pivot mechanism. The pivot mechanism is made up of a shaft
on which a housing is rotatably mounted by a lower ball bearing set 46 and an

upper bearing provided by co-acting surfaces of the shaft and the housing. A
pivot mechanism as such is also provided.

FIG. 4





