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(54) Title: INERTIA RING FOR IMPROVED ROTATIONAL VIBRATION PERFORMANCE

(57) Abstract: A disc drive includes a base and a disc rotatably
attached to the base. The disc drive also includes an actuator as-
sembly rotatably attached to said base and a device for moving the
actuator assembly. A cover is attached to the base. The combina-
tion of the cover and base form a disc enclosure for enclosing the
disc the actuator assembly and the device for moving the actuator
assembly. An inertia ring is attached to the disc enclosure for in-
creasing the moment of inertia of the base and cover. The inertia
ring may be attached to the cover or to the base. The inertia ring
may be formed of a material which is more dense than the cover
or more dense than the base. The inertia ring may also be formed
integral with the base or the cover. The inertia ring may also be
formed such that the material is positioned near the periphery of
the base and attached cover. A damped interface between the iner-
tia ring and the base or cover may further reduce movement of the
base with respect to the actuator.
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data. Conputer systems have many differeRE 5 ACEE {REPE A5 can be
stored. 15 One common place for storing nmassive anobunts of data in a
conputer systemis on a disc drive. The nost basic parts of a disc drive
are an information storage disc that is rotated, an actuator that noves a
transducer to various |locations over the disc, and electrical circuitry
that is used to wite and read data to and from the disc. The disc drive
al so includes circuitry for encoding data so that it can be 20
successfully retrieved and witten to the disc surface. A m croprocessor
controls nost of the operations of the disc drive as well as passing the
data back to the requesting conputer and taking data froma requesting
conputer for storing to the disc. The transducer is typically placed on a
smal | ceramic block, also 25 referred to as a slider, that is
aerodynam cal ly designed so that it flies over the disc. The slider is
passed over the disc in a transducing relationship wwth the disc. Mst
sliders have an air-bearing surface ("ABS") which includes rails and a
cavity between the rails. Wien the disc rotates, air is dragged between
the rails and the disc surface causing pressure, which forces the head
away fromthe disc. 30 At the sane time, the air rushing past the cavity
or depression in the air bearing
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the slider directed toward the disc surface. The various forces
equilibrate so the slider flies over the surface of the disc at a
particular desired fly height. The fly height is the distance between the
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track. As the storage disc spins an@ﬁﬁggﬁéﬂw head is accurately
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t he base of & cogmop @ ch orStering massy ts of data in a computer system 1s

on a disc drive. The most basic parts of a disc drive are an information storage

disc that is rotated, an actuator that moves a transducer to various locations over
the disc, and electrical circuitry that is used to write and read data to and from
the disc. The disc drive also includes circuitry for encoding data so that it can be
20 successfully retrieved and written to the disc surface. A microprocessor controls
most of the operations of the disc drive as well as passing the data back to the
requesting computer and taking data from a requesting computer for storing to
the disc. |
The transducer is typically placed on a small ceramic block, also
25 referred to as a slider, that is acrodynamically designed so that it flies over the
disc. The slider is passed over the disc in a transducing relationship with the
disc. Most sliders have an air-bearing surface (“ABS”) which includes rails and
a cavity between the rails. When the disc rotates, air is dragged between the rails
and the disc surface causing pressure, which forces the head away from the disc.
30 At the same time, the air rushing past the cavity or depression in the air bearing
surface produces a negative pressure area. The negative pressure or suction

counteracts the pressure produced at the rails. The slider is also attachedtoa -
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di sc and att ached abmgfel@tpBsitioned above a target track, the read/write head can store data
onto a track by writing information representative of data onto the storage disc.
Similarly, reading data on a storage disc is accomplished by positioning the
read/write head above a target track and reading the stored material on the
20 storage disc. To write on or read from different tracks, the read/write head is
moved radially across the tracks to a selected target track.

The methods for positioniﬂg the transducers can generally be
grouped into two categories. Disc drives with linear actuators move the
transducer linearly generally along a radial line to position the transducers over

25 the various tracks on the information storage disc. Disc drives also have rotary
actuators which are mounted to the base of the disc drive for arcuate movement
of the transducers across the tracks of the information storage disc. Rotary
actuators position transducers by rotationally moving them to a specified
location on an information recording disc.

30 The actuator is rotatably attached to a shaft via a bearing cartridge
which generally includes one or more sets of ball bearings. The shaft is attached
to the base and may be attached to the top cover of the disc drive. A yoke is

attached to the actuator. The voice coil is attached to the yoke at one end of the
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I'n other words, Simply put, the base is vibrated when the voice coil is used to move the actuator
and transducers during a seek operation. As a result, during positioning, there
occurs a relative displacement between the transducer supported by the actuator
assembly and the track on the disc. This causes the transducer to move off-track.

20 In addition, access times to data can increase. At the end of a seek, the
transducer must settle to a position over a track. If the disc and attached base are
vibrating, the track below the transducer may be moving thereby preventing the
transducer from “settling”. As aresult, the time required for positioning
increases, thereby affecting positioning performance such as access time. Tracks

25 are becoming narrower and narrower as tracks are being placed closer and closer
together. The problems of settle time are also exacerbated by the decreased
widths. |

Afier a seek, the disc drive may be commanded to write datato a
track. If the transducer is vibrating or moving beyond a selected limit, then a

30 write fault is declared to prevent overwriting or corruption of an adjacent track.
The selected limit may be called a write fault threshold or can also be referred to
as an on cylinder limit. As tracks get narrower and narrower, it becomes

increasingly more important to reduce the relative movement between the track
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the voice coil motor. The approaches all use dynamic weights. In other words,
the weights move significantly with respect to the disc drive base. Such
approaches can also have problems. There is always a distinct possibility that
the movement may cease over time. In other words, the rings or weights or

20 comer weight may become stuck. The result is that all of the sudden a disc drive
may begin to produce large numbers of read and write errors. The disc drive,
simply put, would be less reliable. There is also a chance that there may be
particles generated from two parts rubbing whenever one part is moving with
respect to another. Such particles can cause disc crashes when they are within

25 the disc enclosure.

Quick and precise positioning requires the reduction of the
vibration of the magnetic disc apparatus caused by the driving reaction force to
the voice coil motor. What is needed is a disc drive which has is less susceptible
to the reaction forces. This will improve settling characteristics after a seek from

30 afirst track on the disc to a target track on the disc and will improve track
following operations of the disc drive. In other words, there is a need for a disc
drive that has less relative motion between the actuator assembly and the base

while under any type of servo control that requires corrections to be
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with the base or the cover. The inertia ring may also be formed and positioned
such that most of the material of the inertia ring is positioned near the periphery
of the base and attached cover. The inertia ring may be formed to attach to the
cover so that the ring fills a void between the disc and the attached cover.

20 Advantageously, the inertia ring reduces the vibration of the
magnetic disc apparatus from the driving reaction force to the voice coil motor.
In other words, the added mass and position of the mass near the periphery of the
disc drive makes it less susceptible to the reaction forces. Settling characteristics
after a seek from a first track on the disc to a target track on the disc is improved.

25 Track following operations of the disc drive are also improved. The disc drive
has less relative motion between the actuator assembly and the base while under
any type of servo control which implements course corrections using a driver
such as a voice coil motor. The solution is also static. In other words, the inertia
ring does not move substantially with respect to the remaining portion of the disc

30 drive. As aresult, the disc drive is more reliable over its life. The addition of
the inertia ring to the disc drive during manufacture can easily be accommodated

using current assembly techniques.
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rotary or |inear act sgwiap the feBctisitiordedT thé baselahd 8idkd Ahch&l @b, usef ul in
ai types of disc drives ncluding hard disc drives, zip drives, floppy

disc drives 1AndFIGys isanexplogedisemetni¢ view ofithe inertia ringrand sk bage pfithe disc
transducer froma sugltl e and parking the transducer may be desirable.
FIG 1 is an exploded view of one type of a disc drive 100 having a
rotary act uat or FIG leisdhdsontetiiy @icioof the theri€ fing aftlied tthebadeaTeheldide and a

cover drive.
F1G. 7 ts a graph showing test results of various disc drives with the inertia ring
15 and without the inertia ring.
FIG. 8 is a bottom view of cover 114 from FIG. 1 with the inertia ring 500
attached thereto.
FIG. 9 is an isometric view of a disc drive having an integral inertia ring in the
base of the disc drive.
20 FIG. 10 is an exploded isometric view of the inertia ring, a dampening member,
and the base of the disc drive.
FIG. 11 is a schematic view of a computer system.
D inti f the Preferred Embodi I
In the following detailed description of the preferred
25 embodiments, reference is made to the accompanying drawings which form a
part hereof, and in which are shown by way of illustration specific embodiments
in which the invention may be practiced. It is to be understood that other
embodiments may be utilized and structural changes may be made without
‘departing from the scope of the present invention.
30 The invention described in this application is useful with all
mechanical configurations of disc drives having either rotary or linear actuation.
In addition, the invention is also useful in all types of disc dﬁves including hard

disc drives, zip drives, floppy disc drives and any other type of drives where



1147 The base 112 and cover 114 form a: dl s éncl osure. ihe
S 5 at t acnatvwwvivhe cover 114. Rotatably attached to the baseuﬂziv2we~r+ an
actuator shaft 118 is an actuator assenbly 120. The actuator assenbly 120
“includes a conb-like structure 122 having.,a plurality of arnms 123.

Attached to the separate arms 123 on the lonb 122, are | oad beans or |oad

g 2 Lo T ansh 3038 4 88 b PR Re b it e e
126 which carrI&ésuabrzametleﬁa@ma%ﬁépon%@d&%m#@o%m ahe

transducer 150 formwhat is nmany tines called head. It should
not ed that nanyrosdrydetugtonalhe d}&ﬁedmvmmhldeslmuam or hage 112, ambacovsr shown

in the figures 42@?2’%'&% obe %dthi nven n is ual |
appl i cabl e to e A St i Seutel A8 ot e SR
referred to gs athct(amﬁh&éomguet RotA5H1§ aitached RAHe biseRGR aarheniafoansducer
150 is generally used for reading and another is generallé used for

i

writing. On thesleﬁdll&flsehectaetpaa%ssmbbrmo dhe arpatyr aesemblyJeliindudene | oad
springs 124 and #Agﬁhﬁlas %tﬁrfélégﬂa%n Congp&lf%m }gﬁ %tﬁi%@%”&qge tapalté] t he

base 112 is a f7 magne and magneé own I n
FIG 1, the secamnsh mgcriemmeﬂ:&ﬁbllsz;'aare(bmdateadxsmtoladkﬂnﬁ:gsd\zerdeBébeaﬁiberf| rst
and second nagnet 130, 131,

|
conponents of aloP®SPRNESATE alﬁ%f‘% ?e°c‘;/§osléfcm?ﬂ“§’§|§5 a{& gia&'%e P%ofgf@sbé&aér
assenbly 12@qgt ssd'rﬁltgaltﬁ it b sRRQUD GG cIRELrHRL QBlagl%chraﬁg&ceﬂﬁp THRYREG to

tthe base 112 is a spindle notor. The spindl e mtor includes a rotating
portion call ed 12fewith thpirangtecen 150 f@8n what is miagy proes callddahe hieasicItghowld, t he
spi ndl e not or Wlthl n, the SCS 34 are
2Ftached ot hebSBFAMER gy R pave ope ety e IO ShiGR Pl or o
di fferent nunbefhedg ueléssn%héma al¥e batroted @t thid intedhtionisequdileapph¢able kon

descri bed herein is equally plicable to disc drives which have a

plurality of di @ni@rsal@awmoestﬁm qre wansdueer; sugh anwhat larcs’mﬁjlteaeuaeémvhe 30
d h
spindl e ot SuReip FEe b SIEAKA bl SO denkndudts R offig™

det ai | s the actami atotlsaris gmemﬂlqusedm writirggn @ thle @dé df theavtuatoEagh of t he
85,”23358 gf t heasgenggrcﬁOOJppgglgeb thg?oa%r?flr%xgg ?ﬁt and the Bgde}shlelﬁg g%oilc% coi

128.

Attached within the base 112 is a first magnet 130 and a second
20 magnet 131. As shown in FIG. 1, the second magnet 131 is associated with the
cover 114. The first and second magnets 130, 131, and the voice coil 128 are the
key components of a voice coil motor which applies a force to the actuator
assembly 120 to rotate it about the actuator shaft 118. Also mounted to the base
" 112 is a spindle motor. The spindle motor includes a rotating portion called the
25 spindle hub 133. In this particular disc drive, the spindle motor is within the
hub. In FIG. 1, a number of discs 134 are attached to the spindle hub 133. In
other disc drives a single disc or a different number of discs may be attached to
the hub. The invention described herein is equally applicable to disc drives
which have a plurality of discs as well as disc drives that have a single disc. The
30 invention described herein is also equally applicable to disc drives with spindle
motors which are within the hub 133 or under the hub.
FIG. 2 details the actuator arm assembly 120 in an exploded view.
Each of the arms 123 of the E block or comb assembly 122, except the arms 123
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‘top and ‘bot:t-om-of -t he. E -bloc ‘
carry two |wedospsiongs. In this particular disc drive 100, gdegfoissd
slider for both the top and bottomfingers of the E block 122 have only

‘one | oad spring 124 since these are used for the top surface of the top

disc and the bottom surface of the bottom@isc in the stack of 5 discs
134. Attached to the |oad springs 124 are sliders 126 which incl ude
magnet i ¢ transdudeths tephanstboitegnefithe E bidok 120y daaryawofloddspritigs.c Irlthds t 0

ir Tvee Meach of RS Ee e 00 being SIer R EBREe top s bations ADgeA ch
the magnetic i nfrae EE16&k A2%have 66KT0Re foad PEing 1246h&: the& A8 q?%r Efg:%ﬁt Ic
(0] a

transducers incorporated therein are 10 noved over the surface

particul ar di sc Sasfaceef theiap disqangrthe bettore piréace af theibottomudisaiint the stack bf
t di f i isc. 1 | i . qul di
Gt ve 100, o rkadais AsEndilo ol Sfriphd 24 18 S 198 R EIE! et or

shaft 118. Rot ahaggtit anaiotersvbichanigretsehibbutfabaQf GRUESS] 34 rehresio 126
and .t he transd%%gr thgrei n to be .repgsitioned over surface of the disc

134. 15 FIG 2 Starpgeired da. dds well kapwn nthaagof dissidjives Gatinef thees a

"ol udes The acriaras * Shics OF SRRk GpwhEn S LB reraB R RE T
rotates. The actemdal Hremlidesd@bhyd f2Gnipstictrinsisderoineoipogated theigark4 2
therein. Th earin ca trigggeogo fitfa{ ithin the bore 142 in the,

aet uat or ara asJ8 VEDe SBHaqe 053 PRTYCY W@F Tbsathata magneficrepregentadian i dge

240 and its attagiggRan bEQtoHIﬁn%ﬁ%' Bﬁﬁféﬁm@kﬂrﬂﬁé@@'134.1%9thi§rﬁ"f&ti9§§{)&i§@.
cartridge 240 is conprised of a irst bearing set 244, a secon earing

set 246, an out &kive|188,\the pragsdyeer movementisrotation@] anchabomit theatctiratartshaft 118,

the first beari S . cond beani set 6 ,.an he ,qut er
sl eeve 248 are %gé%ﬁﬁ%emé%?r%ﬁ%a erta "@%T?%éatus%zéﬁ SP‘%eé'q3§§Pfl 25
cartridge 240 i srahedicesithetein wodetrhsositomedbi@RBudicetdfehéldise 134.i ve 100, all of

the conponents have the sFaIlrre coefficient of thermal expansion. FIG 4 is
a top diagr tic view off1§- gplse shews/hatiheactugiar gmsessembly iR0tipguflesd udes

an actuator asseghine beidebhsh Phe/BlaSindR - il I ere
t he transducer head g150 '\ggmveg!’%/r om ggﬁdﬁdéébﬁ%lc ?agqgsg%oaﬁaqﬁéﬁg% 30
on a disc 134. Ithe adwatorzhaftild8kbout gibéglr themetuator atimagsemblytrbtatdst aeducer 150

and

actuator arm assembly 120 has a first opening or bore 142 therein. The bearing
cartridge 240 fits within the bore 142 in the actuator arm assembly 120.

20 FIG. 3 further details the bearing cartridge 240 and its attachment
to the actuator arm assembly 120. The bearing cartridge 240 is comprised of a
first bearing set 244, a second bearing set 246, an outer sleeve 248 and the shaft
118. The actuator shaft 118, the first bearing set 244, the second bearing set 246
and the outer sleeve 248 are made of the same material so that when the bearing

25 cartridge 240 is heated during the operation of the disc drive 100, all of the
components have the same coefficient of thermal expansion.

FIG. 4 is a top diagrammatic view of a disc drive 100. The disc
drive 100 includes an actuator assembly 120 which pivots about shaft 118 during
seeks where the transducer head 150 is moved from a first track to a second track

30 onadisc 134. In this particular diagrammatic diagram, the transducer 150 and
the disc 134 are not shown for the sake of clarity. The actuator is driven by the
voice coil motor during a seek. Basically, the actuator 120 is accelerated as it is

moved from one position to a second position and when it is stopped over or




“Fthedi-sci 134 ‘are not “shown :forit e saké of “charity. Theé actuat or |52dﬂ|%‘12%§
by the voiwewessdnotor during a seek. Basically, the actuatanrusidQusiss
accelerated as it is noved fromone position to a second position and
"when it is stopped over or 2 OCT 108 WO 00/63919 9 PCI'/USUU | U582 near a
target track on the disc 134. The accel era®ion or deceleration of the
actuator assenbly 120 results in a force applied to the actuator as

represented by TSAFdiarsehgackmiethe dise 13hd The peccletion ardscalératiomofithec dri ve
100 t toth AC| ' f t ed
by the-ar row 4pgeraieE ieserfy 120 AR HE L Bof abARA') RO R Tty BRR IR o

accel eration. Thaeroho409e Thebasesmdtotisbr Pyrtions oS e dvive 10085k ¢St TorRgUAl

reactionary for%ﬁ) represented by 420 which causes the deck or _disc drive
to nove dependeO08Y Preducigaseactiqnaryifarc xepresspted dyrthe amowid20 dmEIG. FheAs

actuator s & I 4l Fbil kibn,! b8 eqiBSRallifilh HILRIABAS Thb MU ARLELERBLI O,

The base and rest of the disc drive as a nuch larger nass an the
act uat or assenblagro®2400 v@illpreduck en eqsd rezctiviey feree repsesenated ey 420avhick he nass
of the actuator, the.re c%o& f(?rrgce cause I%s?s accel eration of the base.
The noverent of WSS fiedeck pr fisc.drive tg mgsdependcnt onyits mast, ineatia Ad i nvent i on

is to place an poifday oriditiths>GHe Sthstof 3% rdiabiveld lightmh&Owhieh iuﬁ&érﬁ@ée the
mass and inertia of the disc drive 100 and, thérefore, |essen the
accel erati on or 138% aspelerations.; Fae base prdrest of the dise drivatl 80 haxemiveh tezger t he

knertia rin n e farther redu ccel eration or
rovenent of glt(ﬁeq%%asgg’a\% %ac%?%ggi%ﬁby ¥%% glg{t’ %gnte(ﬂ;a}ss #ﬁg ?’égg’gﬁ{ B8d on
the disc drive iROmassefitiedRhiatiathe réactin Biree edides lesedceéleration bEHE Hase. Make

the disc drive %ﬁéate about_a central axis degibct,ed by reference nuneral
410 in FIG 4. mayspentrfithepasspill also bedessndhe idsahehing theinventian isto t he

wei ghted nateri ; Y?ﬁlfg ' - Of ol ' .sipce
this increases ?Flaecgﬁﬁbgrﬂggtt 0 ?%"?f?ﬁ%%é‘%@?ﬁ‘%‘?%ﬁ%ﬁ‘@%{Sﬂi ng
rotary forces wobthe diseslive6 and; therefiose; Iaksén/the bé@Gleratiorommevemerft of the at a
di stance is reoduced.. Torgu e expressed .as t ibnertia of the

obi ot 1 mes' n oSt gu e PeCGLR bevech e ris Gng pad ftaes o ver may
interpretation @frtideyédade SccEREMDA of Mbverhent\SHtREPRE v fe¥pect fo thaActiftios hown
as:

The forces placed on the disc drive 100 are rotational in nature
and, therefore, tend to make the disc drive rotate about a central axis depicted by
reference numeral 410 in FIG. 4. The inertia ring 500 is designed to place most

20  of the weighted material out toward the periphery of the disc drive 100 since this
increases the moment of inertia of the disc drive 100. When applying rotary
forces to a mass such as a disc drive 100, a torque or force at a distance is
produced. Torque may be expressed as the inertia of the object times the angular
acceleration. This is the rotational interpretation of Newton’s second law.

25 Mathematically, it can be shown as:

T=Jxa,
where

T = torque (reaction of the actuator seek torque),

J = disc drive inertia, and

30 o = angular acceleration of the disc drive about the axis 410
(which is parallel to the axis of the spindle and the actuator)

Thus, for a given seek torque, the angular acceleration, o,

decreases as the inertia of the disc drive 100 increases. In other words, by



SOT where 30 torque {reaction: he uat or - seek 't or.que)- “
di sc drive womotsd®aas and a = angul ar accel eration of the di scp@fisg@gRut
the axis 410 (which is parallel to the axis of the spindle and the
ractuator) Thus, for a given seek torque, the angul ar acceleration, a,
decreases as the inertia of the disc drivel@00 increases. In other words,
by 10 increasing the_inertia of the disc drive 100, the rotational

vi brati on i ndex maeasingcthe inpslda ofithe disstdxivied 88, the rdsatieriabmibratideindex ia

measur enent of t uhar Leration of the disc drive 100 unted in
a chassis. The r#%‘%\gg#gbf Fﬁ%t?ﬁ&gal vbh”‘é?ﬂ/‘“@?ﬂ”df”%&fﬁ“@,”éﬁ&ﬁ“ an di sc
drive 100, is dektesi¢ratietofiie divcAWivetl00dndudtedin dichhRC eTHGHGhES o?finfﬁ"?&h
particular mass away fromthe axis of rotation. Thus, the noment o

i nertia i ncreasd$ angsqrhef badies, suchasadisedrye H00ois detreminaddydntegratingtthon.  As
h in Fl Gg 4,5: X { Se - M ' drive..Th t ual
oot v ot ot oiskbled sdtlied St eain paficlln s e Bmth? £ri¥ bt gl 1

di fferent nodel shofoniescofineértiadncrddses asiha noiks isfifovedaidydrdrh Btk H90of S
two-fold. 10 First . of gl ., an@%eased rrglss_ results in a decreased

accel eration of TAHOR; 4§ shqyym &, 245 410 1548 e middlpef the discdrive. Tbeenbl y
("HDA"). I n addigbiu@axid &€rot ' . ' j,ve 4
preferably addeda. at the ogtdg?ﬁg%éi p e?i‘ng‘?ﬁlﬁt otg?g{llgﬁargpﬁ%eﬂé%mglsfo o]

i ncrease t he nosifferentimodeds of discodrivdse Tk ideadf thecineiaaingt 300 is aed-fsldor 118

g@plies a farce o t disc driye 100 he resulting torque produced 15 to
ésunt er act ﬁ Qe #g?h?f;ﬁcgﬁggaeas m@s’ﬁ‘y&é{‘é‘lﬂ%ﬁ§ : ?‘ﬁ%"%’f f’ﬁbﬁ‘ie a :
lower angul ar @eoehen,aldodmoWn Bahé head mePRter M1y i(FEDAMS hﬁadaﬁiﬂn[*ﬂ?eed by
placing the mass of the inertia ring 500 toward the outer periphery 430
of the disc dri Wasytigtisiaddedinthg discelsiveds prefesably hddediat thefamtarpespheriief di sc
drive 100 does Oisd ESGS s fe.om.t he..act uat or enbl y
120 being dri vertlﬁk2 S(gurl nga:{ssedéﬁnsc?gaégﬁﬁee(r)m&grgﬁeosfng 138?@8%555?‘{"5'& ﬁ@“ﬁ%c :
drive 100. For estaatpt £]8 appliesmifyrca ppttieatidc dive,100Pthe rédibiihgtbRue ipfsduded Ve i s
mounted in 34 @ k. One such applic tiotg Is for a redundant array of
drives (" IB") to ¢counteraet the to eicegfq%d}y, ¢ actuator assembly 118 will have a'lower

. angular acceleration since the moment of inertia is maximized by placing the

mass of the inertia ring 500 toward the outer periphery 430 of the disc drive 100.
It should also be noted that the force on the disc drive 100 does
not necessarily have to come from the actuator assembly 120 being driven
20  during seeks. Other forces can also act on the disc drive 100. For example, in
many applications, more than one disc drive is mounted in a rack. One such
application is for a redundant array of drives (“RAID”). In a RAID application, |
the seeks done by adjacent drives may produce a force on a drive 100. The drive
100 still will produce a reactionary force, as represented by arrow 420, and
25 having an increased mass as well as an increased moment of inertia will cause
the base or the HDA to move less. The end result is that there will improved
positioning and less write faults.
FIG. 5 shows an exploded view of another model of disc drive
100. The model of disc drive 100 shown in FIG. 5 is different than the model of
30 the disc drive shown in FIG. 1. The disc drive 100 shown in FIG. 5 includes an
inertia ring 500 which is attached to the base 112 of the disc drive. The inertia
ring 500 is attached to the base 500 using a set of fasteners. The inertia ring 500

is made of a material such as steel or zinc any other high density material. The
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drive 100w od/é39i || produce a reactionary force, as represe'llmsd)/tn}szarrow
420,, and 25 having an increased nass as well as an increased nonent of
“inertia will cause the base or the HDA to nove less. The end result is
that there will inproved positioning andlless wite faults. FIG 5 shows
an expl oded view of another nodel of disc drive 100. The nodel of disc
drive 100 shommeﬁlmmxn@ybstraatpdéwmlttwaamom@dnw@nd@pam@es tInghisi sc

drive shown in hown.i.n E | .udes,.an
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inertia ringsnha ;nﬁo g@eu& o cles.
In this part i cu egir?scta%’gﬁcgg? ?8%& Q&haﬁﬁ %Qg%{nbl dld Oqs %Jég:ﬁ g%{ad
out si de of the pesitiomtdseithip tie lead désc eiihlesxkrea&helhead disodnoosne is gexiehﬂl

controlled enviro nt, that results omthe cover 114 (shown ,in FIG 1)
bei ng pl aced on® ?a%e@ggﬁaﬁ‘irfna@?fé}aﬁ pé;reagne{ teﬁH“é‘bwé*‘hH? ppircanbge

act uat or assembppaihe feittle bR H& &R1GsRle. W&Eua?dr%sseﬁﬁﬁ 120 8R4 &I n the
head di sc encl osure. The head disc enclosure is genera seal ed and may
or may not havedacsﬁ-’ehlahdzthefwoutemoxllmmormdBlraadéil&p'ealptshmrmhé"IGoﬁ,t ai ned
I««or t he heag0 ¢ Lo osureF ?e actuator assenbly 120, the disc or discs
VO %ear% JP 30, 131 and 128 are not shown in FIG 5,
10 but are shown in Fi G FIGH fo anfsdifietdd viewPSELhE fifertd SiYg SO0 dtta6hdd@lthé a
ring 500 attached to the base of the disc drive 100. As shown in FIG 6,
the inertia rinBassef thedips dRvedkd- Ay shevadadilGys. theinertig nng $Q0ds pravidedr ews

or ot her approp, will
be useq tornt ¢ auiidpehiins BACUR {eBive SHRNG or bihef iidrodtate GMEnarB B Bhilion |
drive 100.- The opiEld. 6ysThefastencrsveiltheaised togattach thbapertih eielg 1500 teethe ibasec e
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t hat the cover

that the inertia ring may be sandwiched between the cover 114 and the base plate
112. In other words, the inertia ring 500 could be dimensioned so that the cover
114 could sealingly engage the base 112 to form a sealed head disc enclosure

20 while at the same time, fixedly attaching the inertia ring 500 to the disc drive
100. In this instance, the openings 510, 512, 514, 516, 518 and 520 may not be
threaded, but would allow threaded fasteners to pass through the inertia ring 500
and engage threaded openings in the base plate 112. '

FIG. 10 illustrates another method of attachment of the inertia ring 500

25 to the base 114 of the disc drive 100. In this embodiment, a dampening element
1000 is placed between the base 112 and the inertia ring 500. The dampening
element 1000 is not limited to a separate element shown. The dampening
element could also be an adhesive having dampening characteristics or a.
viscoelastic tape used to fasten the inertia ring 500 to cither the base 112 or to

30 the cover 114 of a disc drive 100. Using a dampening element 1000, such as
viscoelastic tape, results in better performance in terms of write errors since the
dampening element dissapates energy due to the shearing effect caused by the

motion between the base or cover and the inertia ring 500.
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encl osure 20"whivberat the sane tine, fixedly attaching the
500 t.,o the disc drive 100. In this instance, the openings 510, 512, 514,
‘516, 518 and 520 may not be threaded, but wuld allow threaded fasteners
to pass through the inertia ring 500 and eHﬁage t hreaded openings in the
base plate 112. FIG met hod of attachnment of the
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particular disc driv e\ graph 700 is the average nunber of wite
faults per wite C@hﬂﬁiﬁ%‘ dS@ﬁgdledoﬁsstbe distapee off thedragk center that the trapsducesi sc

. drive is commgnd ' ' i % MW i e.
fatlt, it neans ? ﬁg{l&?gir)to?\? r 5%&?%?%%3%%??%%1%%2?5 ?ﬁé'%ﬂ%és%geﬁ' C@Manded
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represents the percent.age,. ite faults.. The X axis 720 represents the
P PEhSifeP b Ruthoults bayRiainiin b rapesucpr.en fsrsmienat terckdgr

on-cylinder limt T

linit" is definedndsthbrefors] athaddaRnidnt iﬂxﬂ&r&ih&ﬁgoﬁﬁx@tﬁ{m{c@%gf%ggﬁxgﬁn:% ducer

10 is allowed to be positioned. Each track has a center an cer
ideal ly i s flown theBackiseravidade Fopp giveattrack width,dhe transducenrcan be ofthe triadin.

e Sty TP it S AR L A o bR
of the distance diehd fdils oasideaf tinf on-tylinder Rkt aiverite FaMi WRDocchR! AdwviSicFalt
tvr ack width, the ié W Qrsec{#ec t%esﬁ&g flgre w?i];ijag %she?(céerdgc(l: lzind writing is prohibited. In the
graph of the average write fault 700 shown in FIG. 7, there are a number of on-
cylinder limits presented. For each on-cylinder limit, there is a first bar that
20  represents the percentage of write faults without the inertia ring 500 and another
bar that represents the percentage of write faults of the drive when the inertia
ring 500 is used. For example, with an on-cylinder limit of 16.1 without the
inertia ring 500, the percentage write fault represented by bar 732 is
approximately 20%. When the inertia ring 500 is used, the percentage write
25  fault drops to approximately 3%. When the on-cylinder limit is reduced to 13.8
microinches, the percentage of write faults represented by bar 742 is at
approximately 40%, while the percentage of write faults when an inertia ring
500 is used is dropped to below 20%, as represented by bar 740. When the on-
cylinder limit drops to 11.5 microinches, the percentage of write faults that
30  occur without the inertia ring increases to approximately 80%. In other words,
80% of the time during a write command, the transducer will pass outside the

range of 11.5 microinches or outside the on-cylinder limit. In this instance,

there is a high probability that a write fault could occur. This is dramatically




transdum ngwdm%@fgal s out si de of the on- cyI inder linit a wgmﬁ,@m
will occur. Awite fault is where the threshold for witing is exceeded

~and writing is prohibited. In the graph of the average wite fault 700
shown in FIG 7, there are a nunber of on-13ylinder limts presented. For
each on-cylinder limt, there is a first bar that 20 represents the

~ percentage of wr redacédhy singantinertia ringasirepredented by bgr TI 'Hmbmtakgelwmbar
that represents ercentage of wite faults of the drj en_t he
inertia ring 50&3‘&@ mﬁ%targssaﬂ,yﬁaé?edmﬁoaw ﬁé ‘%?ﬁiheé*“ 16. 1

wi thout the ineg lﬁxﬁifhﬂﬁléﬁﬁ ﬁﬁﬁedqsas@p?,w%m&:%ﬁeﬂ the' e?%—fge d by
bar 732 is approx?mateel y ZO%GI\?\Vten the inertia rllngl E?OO I's Iﬁagé R

percent age wri t ewzie faults junapsdp $5Q% velspranyinertia shg S604s nobased; ﬂ&mglthcyl i nder
limt is reduged.to. 138 cro ent age of faults
represented b g}ert}a&ng OPS% P’Sﬁ?FPé‘ﬁtéte ea{%ep F‘B‘l?"ﬁgi %@(‘,’e‘?ﬁ age of
wite faults whefeprésehted V&bﬁ'?ﬁoflﬂgr@ﬂ@wﬁ‘ofmw Ilssﬁtrmaeﬂotwtlml ow 20% as
represented by bar 740. en the on- cylinder limt drops to 11.5

ni croi nches, - t hedpaeasing: thyen-gylinder limitrinapicrpinches represenis a decxpash dny thettrask

inertia ring iNCLARESSer ind R ﬁ;éh{éﬁfa‘f-hi/ d%Po/deéc{t}xRie ly d¥tens agt}?qnnéﬂci% the

time during a wite conmand, ransgqucer. W range
of 11.5 m croi nciddthpthe u'ad‘,lsdeihexty isencraase;ilanmdmrardmmt of dalanthhfnm berstdredion,

ere is a high prohabjlit th,ata | t..cou cur. This.is
1§?arrat|cally8 th%érz' 0 Veongss 9@%?Y§eqhtsacﬁqﬁa§e@qea&eeembgf usi ng

an inertia ring @ ihemhEneRbES davutear theercehiage m&ﬁak@ﬂﬁ afatti@larididl t s
with the inertia ring in place drops to ‘approxi nately 30% Wien the on-

cylinder limt i drinéwovlidrindrease deanmntiopkty dAlso, BIG2 7rshowsthat ascthe indrtia ring is
percentage of wit

used. Using the Bs ?ﬁwg)%%fg?g%&g%&agp%ﬁQ{?cﬁV@eﬁ? F?%Is?r}g’lrﬁﬁe%ﬁrgl? gglrﬁopg@sq onOt

appr oxi mat el y 50%gpresents e bemhe dise drily designs/@oithinBéranl tHiferdfackd 6rto7. |t
shoul d be noted that decreasing, the on-cylinder |imgt in mcroinches

represents aldechighseandhighes denstisk, thajuge of anigertia ring willbeanqra drasticaltr nodel
of disc drive. By.gdpgreasing the track wdth, the track density is
i ncreased and the amount of data that can be stored on

FIG. 8 shows another embodiment of the inertia ring 500. In

FIG. 8, the cover 114 from FIG. 1 is shown from the bottom. The inertia ring
500 is attached to the cover. It should be noted that the inertia ring 500 can be

20  attached using adhesive or a viscoelastic tape or can be screwed or fastened
otherwise to the cover 114. In this particular instance, this also shows that the
inertia ring 500 can be placed within the disc drive enclosure. It should be noted
that the inertia ring 500 placed inside a disc drive enclosure must be treated or
must be made of a material that will not generate particles and cause disc

25  crashes.

In still another embodiment, shown in Fig. 9, the base plate 112
or the cover 114 can be made with an integral inertia ring 500. In this particular
instance, the base plate would be formed with a material basically of a first
density as well as a material of a second density. The material with the second

30 density would be placed toward the outer periphery 430 of the disc drive 100 in
either the cover 114 or the base 112. It should also be noted that the inertia ring

500 even when separate is generally made of a much more dense material than

o tallE W\en et UL
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see that ifwoobdheayivnertia ring sed, the percent a@fetMPYEP4Lu| t s

for a particular disc drive would increase dramatically. Also, FIG 7

-shows that as the inertia ring is used, the percentage wite faults is

pl aced into a | esser percentage. FIG 7 al %o represents that as the disc
drive designs go to thinner and thinner tracks or,to 15 hi gher and,hi gher

~densities, the apéaasfplawlilﬁéwrtcp&errlilﬂgormbnoﬂﬁémfﬁf@iBﬁéé?ﬁ@grﬂﬁ‘gﬁﬁﬁ%@a‘?d.
FIG 8 shows angf) er enbodi ment of the inertia ring 500. In FIG 8, the

cover 114 from 1 is showmn fromthe bottom The inertia ring 500 is

attached to the cover. |t Axjvantagedusly,diecidertinaingtrédncesithetvitratiomof b0 can be

20 attached using adhesive or a yiscoelastic tape.or ¢ be. scr Weq or

fastened ot her wRagaeticdif@ppagRpas irgm the fiﬂ"’f‘ﬁirgacgg? fqrﬁcmog\ﬂe VRSE 8?1‘?8’,0 Thi s

al so shows t hat ' t 4 ' gg)mﬁa‘g, If BfeQflassinkehN the rpof drive

encl osure. I'? S%E@grggﬁ%b?ggaﬂflﬁrgt t he irﬁgi???’a ring 500 Iggg%&ihrﬁ]si de a

- disc drive encl disedisc drirstmiskestit less suiceptiblenoghe teactinndforess. eitigeri al t hat

~wll not generate particles and se qdisc 25 crashes, | | her
enbodi ment, shoWHARFERSHSS 2 ?r‘i?%ﬁ%’é’éagirﬁtﬁ?cgﬂ th%o@%‘r?e“%ﬁ%‘e%%%%n be
made with an in ri?imﬁrﬁ@%&.i'?rtaéﬁ Rillovaflg opérafidtisof iy discditivy arelaltot ance, the

base pl ate woul e formed with a material basical Ig(yof a first density
as wel | as a natimprared.oThedise dome hawless relativemotionbetyesn the 2fuatel second 30

. density woul d be pl aced rd r ' fotti e ive
46071 n” o trl Bl ind BiPals Vil BiiFand Bt pitp SO O pEbERAS | 1
the inertia ringouktQostioniiidng adpivensizhias ageive cail motom dtheohiiomig dlseror e
dense material than 2 1 OCT 2003 WO QU/ 63919 14 the B se.pl ate 114 por
cover 114 or anytasichdn othst wprds) thgduertip Singgees Rejnqyesp %ﬂ%ﬂ@ly‘T respec

pdvant ageous! v, b G RSt PpdriB of BRHAESVEE AY Diedi, e discldiive ISTGRS! | C

di sc apparatus fromthe driving reaction force to the voice coil nmotor. 5
In other words, rehablaokkedtsiifissThnatldiven of te indrtia g teaibe dissslrive QPR r i phery
of

15 manufacture can easily be accommodated using current assembly techniques.
FIG. 11 is a schematic view of a computer system.
Advantageously, the invention is well-suited for use in a computer system 2000.
The computer system 2000 may also be called an electronic system or an
information handling system and includes a central processing unit, a memory
20  and a system bus. The information handling system includes a central
processing unit 2004, a random access memory 2032, and a system bus 2030 for
communicatively coupling the central processing unit 2004 and the random
access memory 2032. The information handling system 2002 includes a disc
drive device which includes the ramp described above. The information
25  handling system 2002 may also include an input/output bus 2010 and several
devices peripheral devices, such as 2012, 2014, 2016, 2018, 2020, and 2022 may
be attached to the input output bus 2010. Peripheral devices may include hard
disc drives, magneto optical drives, floppy disc drives, monitors, keyboards and
other such peripherals. Any type of disc drive may use the method for loading
30 or unloading the slider onto the disc surface as described above.
Conclusion
In conclusion, a disc drive 100 includes a base 112 and an

actuator 120 rotatably attached to the base 112. The actuator 120 having a first




dri-vemakes it Fessssusceptible to .the reaction:fore set1 06
eri siiggaeadiber a seek froma first track on the disc pergsfopost
track on the disc is inproved. Track foll ow ng operations of the disc
‘drive are also inproved. The disc drive has less relative notion between
t he actuator 10 assenbly and the base whil éd5under any type of servo
control which inplenents course corrections using a driver such as a

voi ce coi |l nptorenddnd asetord ard. i A vaics eoil $2&isi attached totone endvof e actufter
inertia ring does not nove substanti al W th resae%’é to the_remaining
P
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portion of the di¥e @m%luc%lsé”ﬁégﬁﬂhﬁé%/‘%ﬁé%%@n acatop 20. Ae| j abl e

over its |iTe. ThexRfd36)131 i0hidched idebhst 1700 tcnbdiier 1363 430 b/ Foib'" ' N9
15 manuf acture can” easil’y be accommbdat ed using current assenbly
t echni ques. Fl Goilll28i form aswiheenail motor fw doiivirng the aptubter 120, Areifertia ring 500

Advant ageousl y, the inventiqn i |l -suited for use, in a_conputer system
2000, The colrpuarapdieeTten T mrEeashe mamtal shincRiant ol Sty om or
an information {)dHederdi4 mmngﬁkswtvnﬂe&ﬁectqsmé@dse@mCﬁ_scﬁfeng unit, a
menory 20 and a system bus. The information handling systemincludes a

central processémppdiment, heglisc driveal{ifmlscdoeludes areavst 14 0B inertid ringHPOt em

bus 2030 for commyni,cati wel.y ¢ | i t he t4al . processing, upit 2004
and the random lgggﬁcggh%%r%sﬁgggwa?ﬁeec?vﬁfgfﬁaﬁ%ﬁﬁ%&‘ﬂ@%@&@ 2002
i ncl udes a di sc intbghal evithethik G@seM i [Thertakel UESisifbenddonin fvecmbatcHsithndigye. The
~iptormation 25 hand]ing system 2002 may al so i nclude an input/output bus
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2010 and sevH} alnegiayingeX0de forpiegrof @ sgeapdanaterialy die figst zopterial has afirspo 16,
2018, 2020, and &Qgﬁ ; t ' o]l : :
Peri pheral devices Sg/l?‘lytr}fgltggc e hrggtgﬁﬂcﬁagg%%%ﬁé@?&l%g%%ﬁg@g%&&li ves,

fl oppy disc dri wasy bernsdditonttachehy hnatialsing 500 tothh daseslich Tienngtieriag $00 Any
type of disc drive may use the t.hod for .l oading .30 or un] oadi th
Sl der onto the BB PHaumaY ShiReIRIERY isBoRuoTcdasA e St Periapery of
concl usion, a digg dieid¥i®e 100. THE inkd@sriAg BOCR fdrrePodn@Basd ok HitkRhizd e
rotatably attached to the base 112. The actuator 120 having a first 2 1

" OCT 20N WO b/ gaomentiaf iperia 0§y disss@ive. The inertia ring 500 may also be formed to
fill voids in the disc drive 100 between the base 112 and the cover 114.

A disc drive 100 includes a base 112 and a disc 134 rotatably

attached to the base 112. The disc drive also includes an actuator assembly 120
rotatably attached to said base 112 and a device 128, 130, 131 for moving the

20  actuator assembly. A cover 114 is attached to the base 112. The combination of
the cover 114 and base 112 form a disc enclosure 112, 114 for enclosing the disc
134, the actuator assembly 120 and the device for moving the actuator assembly
120. An inertia ring 500 is attached to the disc enclosure for increasing the
moment of inertia of the base 112 and cover 114. The inertia ring 500 may be

25  attached to the cover 114 or to the base 112. The inertia ring 500 may be
formed of a material which is more dense than the cover 114 or more dense than
the base 112. The inertia ring 500 may also be formed integral with the base
112 or the cover 114. The inertia ring 500 may also be formed such that the
material is positioned near the periphery of the baSe 112 and attached cover 114.

30 In addition, the inertia ring 500 may be formed to attach to the cover 114 and
such that the material fills a void between the disc and the attached



- end and.a“second:end. oi.ce-coi " 128 i-s-attached to~one end of thek 1~
actuator 1¥Quwasttwansducer 150 is attached to the other end‘dfViWavsss
- actuator 120. A rmagnet 130, 131 is attached to the base 120. The nagnet

- 130, 131 and voice coil 128 forma voice gé)il notor for driving the

actuator 120. An inertia ring 500 5 is attached to the base 112 to

i ncrease the nonent of inertia of .the disc .driyve Q. . Lhe | .La ring
500 is fixed with respect eltr“cgcflﬁ ’%%lgvef’ficqsﬁdgxglég%%&eérar%h%%‘%c: di sc
drive 100 al so ienglowstesardi £@ade bt therehbigg ittivcihértia of thetheadisc eiclodireched to
t he base 112 via the cover 114. The inertia ring may be forned integral
with the base 1mttacheddotheheaddiscionciosteed of a first material and the 10
inertia ring 500 is forne i T - F St j as a
first density and the seg%ggdtoan%gﬁ%’?%ggomﬁgﬂegdgg%en%&ﬁﬁe%iﬁlf/mkﬁcfg?‘r%ggi ng
material  may ballugesiveCandidoedstidtive] My iother Embodifientsowillbe apparentltd4. The
inertia ring 500 is formed so that npst of tfge n&tﬁer_ial iiﬁpositio ed
near the outer phesesHskijl iwrthe antspen Kyieuring the abpve daseriptipn, (dibg seopePfdbe | s
formed to incre L0 g j e gsc drive.
The inertia ri ngﬁgﬂgfoﬁa@gégﬁwégl%eg&?bﬁ%&t 0 fvlﬁlthl fe\%%%dseq? g{eta%’g&:jdiégc drive
100 between t he diaias, dlibdg svith théfulbscope oflckphivalenth to ovhiehi sngh thdms axel udes a
base 112 and a disc 134 rotatably attached to the base 112. The disc
drive al so i ncl Jdedn act uat or assenbly 120 rotatably attached to said
base 112 and a device 128, 130, 131 for noving the 20 actuator assenbly. A
sgver 114 is attached to the base 112. The conbination of the cover 114
and base 112 forma disc enclosure 112, 114 for enclosing the disc 134,

- the actuator assenbly 120 and the device for noving the actuator assenbly
120. An inertia ring 500 is attached to the disc enclosure for increasing
the nonent of inertia of the base 112 and cover 114. The inertia ring 500
may be 25 attached to the cover 114 or to the base 112. The inertia ring
500 may be fornmed of a material which is nore dense than the cover 114 or
nore dense than the base 112. The inertia ring 500 may al so be forned
integral with the base 112 or the cover 114. The inertia ring 500 may

al so be formed such that the material is positioned near the periphery of
the base 112 and attached cover 114. 30 In addition, the inertia ring 500
may be formed to attach to the cover 114 and such that the material fills
a void between the disc and the attached '




16 In general, the inventive disc drive 100 includes a head disc 2 1 OCT 2003
encl osure, and a device for increasing the inertia of the head disc

encl osure attached to the head disc enclosure. It is to be understood
that the above description is intendedlfo be 5 illustrative, and not
restrictive. Many other enbodinents will be apparent to those of skill in
the art upon review ng the above description. The scope of the invention
shoul d, t ' rmned with reference to the appended cl ai s,
along wt ‘of equivalents to which such clains are
entitled. 2 1 OCT 2003 17 WHAT IS CLAIMED IS: 1. A disc drive conprising:
5 a base; an actuator rotatably attached to the base, the actuator having
a first endl afd@iss dsive spmpEsiBgand furt her conprising: a voice coi

attacgpd to one Ofdiﬁﬁ first or second ends of the actuator; and 10 a
transducer attache 0 the other of the first and second ends of the

actuator; a magnet macamkt&doﬁa&blywtabl@éﬂeto tﬁd&sér&ﬂé\@&tuéwﬂla\(rﬁigcﬁflfé%ﬂd form ng
a voice coil tor f%irn% élgrg)the actuator; and an inertia ring operably
coupl ed to thé égﬁc? § fudher Gemprisingioent of 15 the disc drive. 2.

The disc drive of clai mglysbess d@ta&l@ﬁ tb%ﬁé %)fﬁﬁerffrﬁ%r'sécohh)éﬁéis Hehd! respect

to the base. 3. The disc drive of claim rrsing a cover
wherein the inertiectiatay; ansl 20 attached to the base via the cover. 4. The

disc drive of claim1l wherel t he i i or integral with the
base. ]%5 The disc drive bfae 1? %i?oetﬁﬁ%hﬁg é}gg@rqtgngﬁcﬁa@elaﬁsq{ first
mat erial the |nert|tﬁeaéiﬁat61t ng is forrred of a second material, said first

material having a first density and
a magnet attached to the base, the magnet and voice coil forming a voice

coil motor for driving the actuator; and

an inertia ring operably coupled to the base to increase inertia moment of
15 the disc drive.

2. The disc drive of claim 1 wherein the inertia ring is fixed with respect to the base.

3. The disc drive of claim 1 further comprising a cover wherein the inertia ring is

20 attached to the base via the cover.
4. The disc drive of claim 1 wherein the inertia ring is formed integral with the base.

5. The disc drive of claim 1 wherein the base is formed of a first material the inertia
25 ring is formed of a second material, said first material having a first density and
the second material having a second density which is greater than the density of

the first material.

6. The disc drive of claim 1 further comprising a layer of dampening material

30 positioned between the inertia ring and the base of the disc drive.



t he second material having a second density which is greater than tzne
density of the first material. 6. The disc drive of claim1 further
conprising a layer of danpening material 30 positioned between the
inertia ring and the base of the disclrive. 2 1 OCT 2003 18 7. The disc
drive of claim5 wherein the inertia ring is fornmed so that nost of the
mat eri al is7. pd’élbtdisord@denéelaimﬁthat:ﬁtimthepiMiptiegj/s fofmedheo tiasmostrof the. 8. The

di sc drive of cltal q\gﬂ # ebselsforfﬁldggf .first material the
inertia 5 ri Mf'5e fsd? ogy) n%?r Qi BYHPRTY 8 " ™er st material having

a first density and the second material having a second densi ty which is
substantially the same as the density of the first material. 9. The disc

drive of cl&irkhs dWHélﬂé'P of elaian {1 yheraimtheibage isdomeadmta@ firgt matr:nal\im ertian t he
disc 10 d
I SC M Veinet fo%ﬁ)) %&f a gécgh& &aE’ef al! %mﬁ?{}a éf{l&éﬁ‘aﬁ ‘havidl Q;?ﬁg‘to glbaﬁ]%

rotatably attac dnac oF Aseend

attached to tlnlm&amtﬂ mmsﬁal haanrga/Secmddunsmy)whicg i subsantialbi the sﬁﬁ&ﬁﬁhby a
cover attache%%to tq se t he cover and base form ng a disc enclosure
for encl osing @h%mﬁﬁﬁhator assenbly and the device for moving
the actuator assenbly, and an inertia ring operably coupled to the disc
encl osure for increasing inertia nonment of the base and cover. 11. The
di sc drive 9f Thedisndtive whelain 3 wheecin therinértia ring gs fosmed todlilhzoids in thhdiscover .
25 1§ The d|sc drive of claim10 wherein the inertiaring is attached to
the B3se. 13. 9¥& disc drive of claim 10 wherein the inertia ring is

f ormed of a naterlal which is nore dense than the cover. 30 14. The disc
drive of claim10 wherein the inertiaring is forned of a nmaterial which
is nmore denk® A dispdivecompiitingl of the base.

a base;
a disc rotatably attached to the base; and
15 an actuator assembly rotatably attached to the said base;

a device for moving the actuator assembly;

a cover attached to the base, the cover and base forming a disc enclosure
for enclosing the disc, the actuator assembly and the device for moving the
actuator assembly; and

20 an inertia ring operably coupled to the disc enclosure for increasing inertia

moment of the base and cover.

11. The disc drive of claim 10 wherein the inertia ring is attached to the cover.
25 12. The disc drive of claim 10 wherein the inertia ring is attached to the base.

13. The disc drive of claim 10 wherein the inertia ring is formed of a material which

is more dense than the cover.

30 14. The disc drive of claim 10 wherein the inertia ring is formed of a material which

is more dense than the material of the base.

1 OCT 2003



2 1 OCT 2403 19 15. The disc drive of claim14 wherein the inertia r2 HgDCI 2003
formed integral wwth the base. 5 16. The disc drive of claim 10 wherein

the inertiaring is formed of a material which is nore dense than the

cover and wherein the inertia ring is f8rned integral with the cover. 17.

The disc drive of claim10 wherein the inertia ring is formed such that

the 10 material is positioned near the periphery of the base and attached

. . ' | f. ' i.n.the i I ' is f d
uch nat np 106 Rl AR Br gt ATV B0 R WS spBiecdnpera dubeched.

cover. 15 19. ©Phe.disc drive of claim18 wherein the inertiaring is
attached to the cover. 20. A disc drive conprising: a head disc encl osure;
and nmeans for increasing inertia of the head disc enclosure attached to

the 20 head glifhe aRB 498 Bf Qaim 10 wherein the inertia ring is formed of a material which

is more dense than the cover and wherein the inertia ring is formed integral with

the cover.

17. The disc drive of claim 10 wherein the inertia ring is formed such that the

10 material is positioned near the periphery of the base and attached cover.

18. The disc drive of claim 10 wherein the inertia ring is formed such that the

material fills a void between the disc and the attached cover.
16 19. The disc drive of claim 18 wherein the inertia ring is attached to the cover.

20. A disc drive comprising:
a head disc enclosure; and
means for increasing inertia of the head disc enclosure attached to the

20 head disc enclosure.





