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vi bration reduction features for use in a disc drive. BACKGROUND OF THE
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BACKGROUND OF THE INVENTION

10 A disc drive typically has one or more data storage discs mounted
on a spindle motor for rotation. Data is read from or written-to a plurality of
concentric tracks on the discs by an array of read/write heads. These
heads are supported by actuator arms controliable by an actuator assembly
such that the heads can be positioned at the desired track for each

15 read/write activity.

All disc drives experience some vibration from the various moving
parts or vibrations induced by electronic switching. At the same time, in
response to the demand for more data storage capacities and shorter seek
response time, the discs are configured with increasingly higher track

20 densities and the actuator arms are made relatively light to minimize seek
response time. Under such conditions, the effect of vibration is magnified
and precise motion control of the actuator arms becomes difficult,
especially in the face of increasingly high expectations of shorter seek
response time and accuracy in head positioning. '

25 The mechanism that supports the rotational motion of the head
positioning actuator is the pivot cartridge assembly which is a major
component in the disc drive. The performance of the pivot cartridge
assembly is therefore critical to the overall performance of the disc drive,
affecting among other things, seek response time and resonance in the

30 actuator assembly.



especially in the face of increasingly high expectations of shopter
response tinme and accuracy in head positioning. The nechani sm tgg M@gg@ﬁts

the rotational notion of the head positioning actuator is the pivot
cartridge assenbly which is a major conp@rent in the disc drive. The
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Vi bration Danpening Pivot Assenbly". This document describes the bonding
of a rubbertd i kiesepanae pioblesssinithesadiahgiiesiomr e part of 15 a "bond joint™,

a "bond joint" referkhggie}?p 'otaEFr?]o wgfatioﬂieda”g?ﬁi%%%q”%é’%“eéhaft and

the inner race of the pivo eari ng betlvveen the outer race of
the pivot bear i Sigtesatehenywiber 5,830.67 hdssued July 27,1980 tonBack for IAisk enent
danmping techni Bive Qs?ém 9\Aﬂt?\tVibration Dampening Pivot Assembly”. This document
describes the bonding of a rubber-like material to surfaces which are part of
15 a "bond joint", a "bond joint" referring to either the joint between the pivot
shaft and the inner race of the pivot bearing or the joint between the outer
race of the pivot bearing and the pivot housing.
It is a challenge to implement damping techniques that do not
involve additional housing members, couplings and rubber interfaces. More
20 often than not, these components require elaborate manufacturing
processes or additional sub-assemblies which will decrease the production
yield.
There is therefore a need for improved vibration control in a disc
drive. It will be evident from the following description that the present

25 invention offers this and other advantages over the prior art.

SUMMARY OF THE INVENTION
The present invention provides for the coupling of an upper end of
the pivot bearing shaft to the cover of the disc drive in such a manner that
30 the resonance characteristics of the pivot bearing assembly is improved in
both the axial and radial direction of the pivot bearing shaft. A damper is
located between the pivot bearing shaft and the cover such that the pivot
bearing shaft and the cover do not come into direct contact. In addition, the
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" BRIEF DESCRIPTION OF DRAWINGS
15 FIG. 1 shows an exemplary disc drive in which the present invention
may be implemented.
FIG. 2 is a cross-section of a typical pivot cartridge assembly.
FIG. 3 is a cross-section of another conventional pivot cartridge
assembly with a damper.
20 FIG. 4 is a cross-section of a pivot cartridge assembly according to a
most preferred embodiment of the present invention.
FIG. 5 shows the damper of FIG. 4 with a portion cut away to show
the profile.
FIG. 6 shows an alternative embodiment of the present invention.

25 FIG. 7 shows a damper of FIG. 6.

DETAILED DESCRIPTION
Preferred embodiments of the invention are described below with
reference to the drawings. FIG. 1 shows an exemplary disc drive 10 in
30  which the present invention may be implemented. One or more discs 12
are rotatably mounted to a spindle motor 14. Data is written to or read from
the discs by heads 16 which are supported by suspensions 18 which are in
turn attached to actuator arms 20 of an actuator body 22. The actuator



BRI EF DESCRI PTI ON OF DRAWNGS 15 FIG 1 shows an exenplary disc drive in
which the present invention may be inplenented. FIG 2 is a cro9s§ wAR i7000
of a typical pivot cartridge assenbly. FIG 3 is a cross-section of

anot her conventional pivot cartridge assgenbly with a danper. 20 FIG 4 is
a cross-section of a pivot cartridge assenbly according to a nost
preferred enbodi nent of the present invention. FIG 5 shows the danper of
FIG 4 with a phowinds of tite txpaknewn sisavotariactuatdr ansl inFludes 8 voi®EPilan

alternative e Wws a danper
o e b e Aele bt ETEREs (RS e abtal Bogf ARV 8 On Br e
gescr ijbed bel ovachidtor bodyf isopecably conrestatt tava piget cd?trtﬁge]ashmbb/ Zhwhiobnpl ary
isc drive 10 | inventi,pn,m ' d. One
nore di scs 12 aﬁl8‘”?g‘? P&%\%&‘a{k\f}ﬁ?‘é g ‘Sg\%rmeﬁ&ﬁg hﬁBﬁ%Paﬁﬁ)e Cﬂﬁpg‘nébq Wi tte(r)Ir
to or read &romodditoths eesipyd reakdmcatornshiActiaser2s snppeobved3bprovidepamsi ons

18 which are in turn attached to actuator arns 20 of n ac uat body 22
The actuator 2®NGRRUNES housiag Hhigse andet BheCppRe ﬁd?/(ﬁ Qn% g’PV‘ ac%/uator

and | ncl udes ag |&§eﬁ9h$nmé’i’it’éﬁhﬂ@éhcfenghérBééé hIR8 pr&idé Pk pRRToFAIOF Ot ati ng
t he actuator actuator body is operably connected to a pivot

cartridge asserl’bd)wtmg tb&hivahOUSaNmM@nﬁrﬁ&? rotational notion. In this manner,
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base 28 and a cover de an’ “éncl ousi ng these an oth

conponent s,10pr mirieeﬂ()rtgp:bhi@mdmmmesdhlteel rdeinesompamentsn gdivatifdanag sbaft The

base al so provi (}ea prd?l %gnng Wousmg 34 and bearings 36. The pivot bearing shaft is
mounted to the base of the disc drive at its lower end. The inner races of
the bearings are located along the length of the pivot bearing shaft. The
outer races of the bearings are attached to the pivot bearing housing.

15  Attached to the pivot bearing housing is the actuator body 22 which
extends into an array of actuator arms 20, and terminating in an array of
read/write heads 16.

In one conventicnal arrangement, the upper end of the pivot bearing
shaft 32 is secured to the cover 30 of the disc drive 10 by a screw 38. The

20 upper end of the pivot bearing shaft is provided with a threaded hole 40
corresponding to the screw. The cover has a hole 42 which is located
above the threaded hole such that, in assembly, the screw clamps the
cover against the top surface of the pivot bearing shaft. Part of the cover is
therefore in direct contact with the pivot bearing shaft, and is sandwiched

25 between the screw and the pivot bearing shaft. The cover therefore acts as
a vibrative diaphragm, amplifying any vibration transmitted through the
pivot bearing shaft instead of dampening it.

FIG. 3 shows another conventional arrangement where one end 46
of a piece of elastomeric material is inserted into the hole 42 in the upper

30 end of the pivot bearing shaft 32 and another end 48 is inserted into a
recess 50 in the cover. Although this arrangement may help to isolate
vibrations to the cover, it does not provide sufficient stiffness to limit
bending of the upper end of the pivot bearing shaft 32. The performance of



mounting the various conponents. As illustrated in FIG 2, the pivot
cartridge assenbly 26 in the disc 10 drive 10 typically corrpri'gésMAerQB
mai n conponents: a pivot bearing shaft 32, a pivot bearing housing 34 and
beari ngs 36. The pivot bearing shaft is -Sounted to the base of the disc
drive at its |lower end. The inner races of the bearings are |ocated al ong
the length of the pivot bearing shaft. The outer races of the bearings are
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as a vi brati v&izad grptegterenaeditivith the staeye\didovhen the sleqyssisifitted®vehr ough t he
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cover a vibrative diaphragm. In addition, the boundary conditions at the
15  upper end of the pivot bearing shaft facilitates the damping of bending
vibrations as well as axial vibrations in the pivot bearing shaft, being that
the forces exerted by the cover on the pivot bearing shaft are in the radial
directions and not only in the axial direction of the pivot bearing shaft.
Another advantage of the present invention is that there is no need for
20 additional fasteners, sub-assemblies, adhesives or special bonding of the
damper to existing disc drive components.
FIG. 5 illustrates a preferred configuration for the damper 60. The
damper has a simple profile as shown by the cut-away portion, and is
relatively easy to manufacture as compared to other known damping
25 mechanisms for disc drives. It comprises a sleeve 62 with a inner surface
74 for contact with a side surface of the pivot bearing shaft and an outer
surface 76 for contact with the rim 70 of the opening 68 in the cover 66.
The cover 66 may also be described as being formed with a hole 68
through which the pivot bearing shaft 64 is configured to extend. The
30 damper 60 is located between the cover 66 and the pivot bearing shaft 64.
In particular, the damper comes into contact with the cover at the rim 70 of
the hole 68 and with the pivot bearing shaft 64 along the length of the pivot
bearing shaft.



the disc drive 10 continues to be adversely affected since the vibrations
of the voice coil notor 24 are not prevented fron1transnitti§b8tMAR b
read/ wite heads 16 through the actuator arns 20. According to a nost
preferred enbodi nent of the present invemr6ion 5 as shown in FIG 4, a
danper 60 conprises a sleeve 62 for fitting around the circunference of
the pivot bearing shaft 64 at its upper end. The cover e6 of the disc
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shaft. Another advapt@@evél, thBgafERSEdH ma)\WRNYrhiRBdias thOaknidae s nhgy no need
for 20 additional fasteners; sub-assenblieS, adhesives or special bonding

of the dahPer bedixestispesitionibybeiagiin tedersopefit with theivet bearingtshaftes a
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as shown by the cut-away portion, and is "relatively easy to manufacture as
conpar ed to ot bafficienbeemprespion®f #e damhantosprevitie theldesiredt bangslary t conpri ses
a sleeve 62 wth a.inner surface 74 for contact with a side surface of the
pi vot beari ng “EFY°"™Mnd an outer surface 76 for contact with the rim 70 of

the opening 68 in tTiee gavger 66is Platcraplyenaddoinmyesitlenonizterittsach bed as bei ng
formed w ths a Qg&L&uGﬁG 46 or a material with a similar durometer. However, according
to the needs of different disc drive systems, materials of a different
durometer may be chosen.
In the experiments conducted, it was found that the present
invention significantly improves the resonance characteristics of the disc
20 drive. 795 Hertz was identified as the first bending mode of the voice coil
24 which forms part of the actuator 23. When the voice coil resonates at
this natural frequency, energy is transmitted through the pivot cartridge
assembly 26, along the actuator arms 20, to the heads 16, thereby
adversely affecting disc drive performance. Another significant frequency
25 was found at 1.45 kilohertz, being the first torsion mode of the voice coil. It
was found that an improvement in both the 795 Hertz and the 1.45 kilohertz
ranges were possible with the implementation of the present invention. The
damper 60 in this configuration and arrangement was therefore found to be
effective in isolating the read/write heads from the resonance frequency
30 originating from the voice coil, and especially in damping the magnitude of
the resonance frequency transmitted to the read/write heads. As a result,

improved servo performance during seek can be achieved.



t hrough which the pivot bearing shaft 64 is configured to extend. The 30
danper 60 is |ocated between the cover 66 and the pivot beari ﬂgﬁ SMMtN%.
In particular, the danper cones into contact with the cover at the rim70
of the hole 68 and with the pivot bearing-shaft 64 along the I ength of the
pi vot bearing shaft. 2 8 MAR 2006 -6 I n another enbodi nent of the present
i nvention, the danper 60 includes a recess 78 fornmed in part, by the sleeve
62 such that the recky@situs fyagithaltbe Present sventompraviiestppeesksd of the
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may be omtted as the danper. 60 .10 be fixed in position by being in
interference fi pre\ﬁﬁpwnyﬁrgt%&@&lag\z%}z NY§PEMRYE 64 or the cover 66. This
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t he danper to provide the desired boundary conditions. The danper 60 is

pref erabl y nadedescriged @sifplows: naterial such as 15 Kokoku HG 46 or a

material with a simAgiscHf@MRYBEIUIEDUR LREIosAEREOISméPbY A areess of
different disc drive systens, materials of a different duroneter may be

chosen. In the axpacorerit Aroepkrning:68, dafinad Dyfaotimd & frprovidedon éent _
R RS T it ot b e T e
coil 24 which fierpusitipaed sofh tHat itas inuatiuimeaBwithtreriinh0 amd with tloé Lppersonat es
at end of the shaft 64. In particular, the damper 60 may be in contact with the
side surface 63 at the upper end of the shaft 64. Preferably, the damper 60
15 s sized for interference fit with the shaft 64. The damper 60 may also be
sized for interference fit with the rim 70.
The foregoing description is only illustrative of various embodiments
of the invention, and a person skilled in the art will understand that changes
can be made to the details of structure, function and processes without

20 going beyond the scope of the present invention.



this natural frequency, energy is transmtted through the pivot cartridge
assenbly 26, along the actuator arns 20, to the heads 16, tH@ﬂeM%R 2006
adversely affecting disc drive performance. Another significant frequency
25 was found at 1.45 kilohertz, being the8tirst torsion node of the voice
coil. It was found that an inprovenent in both the 795 Hertz and the 1.45
kil ohertz ranges were possible with the inplenentation of the present
invention. The danper 60 in this configuration and arrangenent was
therefore found to be effective in isaotghivg the read/ wite heads fromthe
resonance frequency 30 originating fromthe voice coil, and especially in
danpi ng the nagnitude of the resonance frequency transmtted to the

read/ wite head Wt i;gp{qoved servo performance during seek can
be achi eved. 8 ﬁ/AR Z%ggcq]? FCO S us found that the present invention

provi des t hé desireda basgrovenents in the danping characteristics of the

pi vot cartridge assge r o ust ness
and rigidity in the gb\(%tcoBg%"ﬁgﬁz&s%ra%ﬂnbydghﬁme@% t?’afgc;)l'e&smo \hgcg)esg?dre t hat
t he overal | acousti csritm cmf‘hmarno;ﬁémmtmmecho&er,drl ve i s reduced, and that

t he i npl ementation of sent tionisr latively i ensi ve.
Enbodi ments of the p?r%@%ﬁ‘f"‘“lﬁ)ﬁsg‘ﬁ?' ‘?r%l ag [UPBPHER J’é‘?!}"’bﬂé e’kﬁ’&é%’ﬁ)ﬁa bed as

fol l ows: A di scmluntes td éhe Paddidpg an enclosure that is fornmed by a base 28
10 and a cover 66. An opening 68, defined by a rim70, is provided in the
cover. The 1ower end @@mae”s'ﬁaﬁbtut’B@rmi‘S‘tmrﬂ'@@“f’d‘"ﬂ‘l’?@eb‘&@ér98 ohth®anper 60
is positioned thatit is in abutnent with the rim70 and with the upper

end of the shaft 64. In particular, the danper 60 may be in contact with
the side surface 63 at the upper end of the shaft 64. Preferably, the

gggpglr SgObQS i SZ.Si Z%Addlfsg dr|'vera]to?£:lfa?n[|qmcl$er£fntthe s%gftthgg asgfgé %uﬁace The danper 60

extending along its length, and wherein the damper is in abutment with the

16  side surface at the upper end of the shaft.

3. A disc drive of claim 1 wherein the damper is sized for interference
fit with the shaft.

20 4. A disc drive of claim 1 wherein the damper is sized for interference
fit with the rim.

5. A method for dampening vibration in & disc drive comprising steps
of:

25 (a) providing a base and a complementing cover for enclosing
components of the disc drive, the cover having an opening defined by a
rim;

(b) providing a pivot bearing assembly comprising a pivot bearing
shaft;

30 (c) mounting a lower end of the pivot bearing shaft to the base; and

(d) fitting a damper between an upper end of the pivot bearing shaft
and the cover such that the damper is in abutment with the pivot bearing
shaft and with the rim of the opening.



sized for interference fit with the rim70. The foregoing description is
only illustrative of various enbodi nents of the invention, ‘@r&l W\Roéﬂﬁﬁon
skilled in the art will understand that changes can be made to the details
of structure, function and processes wthgut 20 goi ng beyond the scope of

t he present invention. 28 MAR 2006 -8 CLAIMS 1. A disc drive conprising: 5
a base; a cover configured for assenbly with the base to form an encl osure;
a rimdefining an openi ng in the cover; a shaft with a | ower end and an

upper end, the | ower en n o the bhas and .10 in
abutment with fhe rfrahe ftc%"f‘%gwﬁﬂﬁé}t Qrf@t”lﬁ“?ﬂzd ) iByes s%ps& di sc drive
of claim1l wherein tdyg ré\hélfnb dreinteRfepdrite i behideh thexdamsbrthdathen;i t s

| engt h, and vvherel n the danper is in abutment with the 15 side surface at
the upper end 8Pdthe shaft. 3. A disc drive of claim1 wherein the danper
is sized fog interf vk e of clalm
1 wherein the darrpeﬁs ﬁ'ts&gjl'r}éeéﬁ ﬁ%ﬁ%}ﬁbg ir encgn%?? ’\T/ﬁt ﬂhﬁﬁg@pl% .

met hod for danperfacegofithb pimat baatimg shaft.sc dri ve conpri sing steps of. 25 (a)
provi ding a base and a conpl enenting cover for enclosing conponents of the
di sc drive, the cover having an opening defined by a rim




(b) providing a pivot bearing assenbly conprising a pivot begtin shaft;
30 (c) nmounting a |l ower end of the pivot bearing shaft to thgilﬂag&R

(d) fitting a danper between an upper end of the pivot bearing shaft and
t he cover such that the danmper is in abutt®nt with the pivot bearing shaft
and with the rimof the opening. 18 MAR 2006 -9 6. A nethod of claim5

wherein the fitting step i : i-di ng an
interference fit bet menoﬁﬁépgéﬁgg'@@w&@ﬁf ﬁEA&ﬁQGOEE'W provi di ng an
interference fit between the dappeyisRATI6eNSREBUSMOACe of the pivot bearing
shaft. DAMPER DESI GN ON PI VOT BEARI NG SHAFT BY VI BRATI ON REDUCTI ON
ABSTRACT A pivot cartridge assenbly with inproved resonance
characteristics. One end of the pivotadiegsagg shaft is nmounted to the base
of the disc drive, and the other end Is secured to the cover of the disc
drive in suéh a manner that the resonance characteristics of the pivot

bear i ng assenbly TS { GREANSSdgh f8blhch i o8 edctlheh cAbikshes of the

pi vot bearing shaft.
One end of the pivot bearing shaft is mounted to the base of the disc drive,

and the other end is secured to the cover of the disc drive in such a manner
that the resonance characteristics of the pivot bearing assembly is

10 improved in both the axial and radial direction of the pivot bearing shaft.

Figure 4






