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The present invention relates to the field of mass storage devices.
More particularly, this invention relates to balancing a disc pack assembly about a disc

spindle axis of rotation.

Background of the Invention

One of the key components of any computer system is a place to store
data. Computer systems have many different places where data can be stored. One
common place for storing massive amounts of data in a computer system is on a disc
drive. The most basic parts of a disc drive are a 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 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.

Information representative of data is stored on the surface of the
memory disc. Disc drive systems read and write information stored on tracks on
memory discs. Transducers, in the foi‘m of read/write heads attached to the sliders,
located on both sides of the memory disc, read and write information on the memory
discs when the transducers are accurately positioned over one of the designated tracks
on the surface of the memory disc. The transducer is also said to be moved to a target
track. As the memory disc spins and the read/write head is accurately positioned above
a target track, the read/write head can store data onto a track by writing information
representative of data onto the memory disc. Similarly, reading data on a memory disc
is accomplished by positioning the read/write head above a target track and reading the
stored material on the memory 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 data
is divided or grouped together on the tracks. In some disc drives, the tracks are a
multiplicity of concentric circular tracks. In other disc drives, a continuous spiral is one

track on one side of a disc drive. Servo feedback information is used to accurately
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AUG 2003 lubricant rather than flying over the surface of the disc.

When the djsc is operating, the disc is usually spinning at relatively
20 high revolutions per minute (“RPM”). These days common rotational speeds are 7200
RPM. Rotational speeds in high performance disc drives are as high as 10,000 RPM.
Higher rotational speeds are contemplated for the future. These hi gh rotational speeds
allows for shorter access times. In other words, as the disc spins faster, the performance
of the disc drive is improved since the time necessary to access a particular piece of |
25 information on the drive is shortened. Shorter access times are a constant goal of
designers and manufacturers of disc drives.

Higher rotational speeds also make the disc drive more susceptible to
vibration due to unbalanced rotating parts. As a result, part of the assembly process
typically includes the balancing of parts that will rotate within the disc drive. The main

30 rotating part within a disc drive is the disc stack assembly. The disc stack assembly is
one or more discs fastened to a spindle hub. Disc spacers and clamps are used to attach
the discs to the spindle hub. A spindle motor is used to rotate the hub and disc stack

assembly.
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passed over the disc in a transducing relationship with the 5 disc. The
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mechani cal tochead emssheduri ng di sc rotation. In some disc drives, the slider
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rotational speeds are 7200, RPM Rotational speeds in high performance disc

drives are SQCHYQJES ¥den hegisg stokvibrategine planar direesian, thepeaskiso be followed
cont enpl at eg; ' r | | | ows- f.or
Shor ter acouliPls vt Wi mOGRE dhedlibn TR LMRGRBRENT TR St
per f or mancemagiifiedby thedfactdhatutbe trackismpe ovrgcticsehcspach® 1n 1wdayte aRs davis, t O

Lcul ar_ pi f_25 inf. ti t dr| ' hor t d.
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di sc dri vesThisipgdbim wall aﬁliy?éﬁ{voﬁslé% WA BRhEPKE sthBEhitheCrabid désitiy £e
susceptible to vibration due to unbalanced rotating parts. As a result,

part of theSesaRm¥ed fo5 the Sature. ¢ lnsothen wordspdise deiyetnesfomanneds bgosséd bwr t s
that will r L tohl ' | T ' t at | rt. wwthin a
di sc drive Jﬁiﬁirﬁgmgit&s&g&s@gaggggg%kéﬁerﬁgﬁ% ?@%ﬁast?%é(&%a@ééeﬁ%’ 31?? &%%ne or
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ﬁLLaSE Og ihg%%éﬁ%%§n8%§g§ﬁ%'rglgér%thnutgé ﬁ'éqt?c%ic{'] gtl v%hﬂ:gtsgrrvoi ssectgﬁseage ;egd,rt}?et: ate the
head can cross the track several times between servo sectors.

Prior attempts to solve the unbalanced disc pack problems involved
designing and manufacturing discs and hubs to tight tolerances to attain as close a fit
between the inner diameter of the discs and the outer diameter of the hub in an attempt

25  to center the rotating mass with respect to the axis of rotation of the disc assembly.
This still resulted in out-of-balance conditions because of the inability to attain perfect
fits and uniformly balanced discs. To obtain better balance, balance rings were used.
By either adding or removing material from the balancing ring as indicated by
sophisticated balancing equipment better balance was obtained, but at the expense of

30 further steps following assembly of the disc packs.

U.S. Pat. No. 4,358,803 to Van Der Giessen describes accurately

machined inner walls of disc central openings and a centering element which cooperates

with at least one of the inner walls to center discs. In U.S. Pat. No. 4,224,648 to Roling,
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bal anced di sc pack as an out-of- balance condition results in

probl enS Q48184 sc drive. One probl em associated with an PGRE&P%MEEd di sc
pack is that it vibrates and causes noi se. An unbal anced di sc pack al so
stresses the bearings between the rogating portion of the hub and the
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common. Si xngé,aéﬁﬁ&sfdftm(gg]aﬁcgunan hair. This problemw Il only get worse
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rotatiyag mass with respe the axis of rotation of the disc assenbly.

This still resulted i S%ﬁﬁ%@“k‘ﬂﬁ’&‘?"?‘? L ussip A flise dsive isfaughpioni | ity
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n n ] e whi ch cooper gt es
and a Rent (a{scsn IhisFLE! Es i A Increase 1n the number of axial nodal points for potential

imbalance moments and reduces the amplitude of associated vibrations. Disc spacers
are also alternately diametrically offset about the spindle axis so that pairs of like
components tend to balance each other to minimize potential vibrations. The problem
with this solution is that it requires an even number of discs in the disc stack. In
25 addition, the solution does not work in disc stacks having one disc since there is no
other disc to counter balance with the only disc. Many of the other solutions require
long cycle times which are not favorable to manufacturing.
Thus, there is a need for a method and apparatus for balancing the disc
pack having only a single disc. There is also a need for a method that is easy to
30 assemble and easy to manufacture. There is also a need for a method which does not

generate particles.
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per f or m¥YP f¥#818! a steel centering ball in the center of aPEI/H§I¥EE®R havi ng
a hem spherical surface facing a spindle cup. Centering with respect to the
inner walls of a disc does not ensurse that the disc is centered with '
respect to the ngjority of rotating mass of the discs which |ies al nost
entirely ouSmmssaryhd thefwventiohl of the disc. The outer 5 dianeter of a disc
may not be perfectly cqnceptric with the inner diangter of the disc. Thus,
centering with respect %Pd"{g’%aﬁ"?ﬂ\iya"ghi‘%ﬁ%fe&’ spgh asgglisgidsive incluges pdeseni gh
preci si on aaisakmammmys&&he@i@ﬂhebsi@aﬁ@ais‘eﬁild?& Rlenibe 285 ahr R %&‘e hub
and negl ects some of the major causes of inbalance. The above mag1 ods of
centering aldhe Baseenfhelish stack assemblyrineluddssaspiedi& hubl Otatitdy coupdetl toahear ti cl e
gener at kon L gk f f . disc driyve ngd may. even cause a
head crgsh. @?‘ﬁegelg{ﬁr g’?&ae?,ﬁ{bshééﬁggyslgf) greota EE?P%%(}V\?PM? giﬁ?aﬁt%eg agyemply o
central opemiatgs Brredpinide heninehidaga eyibiieieh] podtish. STheRBéc stdvR ass@m%gsal&p:% and

t he steel bal{h‘ anq sBi ndl e cugr in U S Pat. No. 4,224,648 are designed to
slide whi | ePSAFsAclarPs pdispnacer, anda dist squpledite mpindje bulr- sThewdiscsspaeer dpsg
produces ungespenstd Befedd dinsdns §:SGr . ly: Aethed for
use in a di scél%j_rn?\t/ge ies. taughtﬁix_lﬁé%Uéggbgg{e.&hg&n%?g@?ﬁggmlgs%ﬂg‘%l{&g’ Schm dt
et al. |n U dipgspaceiis asysestgodande di sc  pack has discs which are

al ternggel y_di rjc il about a spindle axis of rotation The
di scs g?e ooglht%ﬁe{c? gls)%e?&ﬁ%ﬁ%ﬁ 515§ (afsH (%ttg? g &eck a3 h&tnéffternate
opposite casymmetdgddist spreerglsaincludes g egishationirfact NEhOwERirafH RS
centered nom n%lx di aneteer 20 dis¢s. This results in an increase in the

I

nunber of aRPRIMSRIEHPERBIeHT Of thedissspaser.i Bre diphiparerheca ¢aptes af massmffseeduces
t he anpl it ugem@ic BESIEAR i en g%s J r I nat el y
di anetri cal | ofei‘ set aboﬂﬁgtdkfﬂ%f ndle E%@&S%Q%ES{&B%%@ oFlS@FEk%gﬁtg{
conponent s efanass offsds f theatiscastack astembily.t Typicallynbatencing tilendiscatack afsemiblyons. The

probl emx w 4 ni | utioneis_t It requires.an even. nunber of. discs in
t he di 2'}(’: St?g@éé@ﬁﬁa@%%&@g F%’%‘?s ?r}ﬁltée?gfﬂﬁ%mlfcfé‘g?{ € 3550k rqtapion o thes ¢ acks
havi ng one Ilibsmdshexemiter bEfmass of tROdisO$tAe aseinily §orheIBher sikAdfaRec&ivbt h t he
only disc. I\/gr% ob&tﬁhe OIFE% solutions require long cycle tinmes which are
not  f avor adPRIPR ofihg hnb. - The fatsurfage pf the anemmefricaldistspacer ismpositioradise dheand
appar at us flainded B Glal ol | ' kSC.q.There is
al so a neng for a net hg‘éﬁ%ﬁéﬁ‘?iﬁ{s&“@%@&?’g@ﬁ?g@ng’l‘ee:/%ﬁ?“e‘%gﬁ I@g?{/ﬁfeodl;r

manuf act ur estackrassembly and g point assodiafedrwith thetniessl offket ofithd déss assemblygener at e

partiches.

Advantageously, the asymmetrical disc spacer can be used to balance
a disc stack which has only one disc. In addition, the asymmetrical disc spacer can also
be used to balance a disc stack which has a plurality of discs. The method is easy to
use. This eases assembly and eases the manufacturing process. The method also
generates minimal particles since the disc clamp is not machined during the balancing
25  process and the flat side is formed to be a registration surface. The flat side provides
a simple but effective way of allowing the tool that performs the disc spacer offset to
engage on the surface and at the same time automatically align the spacer in the desired

orientation. The asymmetrical disc spacer also minimizes material wastage which

reduces the cost of the part.




- 8 -AUG 2003 WD 00/ 48181 PCT/ US99/ 15142 5 summary of the In.anAlQGZ@[B

i nformati on handling system such as a disc drive, includes a baSe, a disc
stack roYQO¥#8$! att ached to the base, and an actuator asseabiUgssiabl y
attached to the base. The disc stack assenbly includes a spindle hub
rotatably coupled to the 5 disc drive. The spindle hub has an axis of
rotati on about which the disc stack assenbly rotates. The spindle hub

i ncludes a cylindrical portion. The disc stack assenbly also includes a

cl anp, a digc. spacer,. ang ﬁ ﬁi sc, coupl ed to spindle hub. The di sc spacer

has an opeﬁpﬁgﬂﬁ‘f‘é’ i to receive the cylindrical portion of

the spindle hub. The FiGO SRACLSIoAS AEW BFE s Gk LhiQned to :
CEfoh NP I FNRLUIRN L

counter balance a mass offset in the disc stack asse

di sc spacer al so 3@ @Hwsassemidy ifortlpadinpandunlbating triimducerg ks iidiomnths ur f ace
is on the outer pgrs to?rthé’ﬁis(fshe di sc spacer. The disc spacer has a center
of mass offset fromthe axral centerline of the opening. The disc spacer

i s usedSto counter theFiGeaties sido¥iewss sihillls b Withthudii§orshagledagaen! v.
Typi cal |y, bal anci ggasg he disc,.stack assembly 15 requires that the center of
mass of the spacediaPipralibred discspacsrs whish fomsa disc plaelaassemblyt. the hub and
the center of mass of ! | S r,side of the
axis of rotation of t%lgﬁﬁgiéggﬁgﬁm?%?wg%‘g‘g?ﬂgﬁ}el&g%%{n%gf? ﬁ’é‘éfm isc
spacer is positi crdisc spacetwhicihfomme adiscistagk hésambbur f ace i ntersects a pl ane
defined by the axial % ﬁr.l I ne oft.t he dioz,c .stack assenbly and a poi nt
associated with the mass Gt ARTSRSFUYH WO Al @ discspAger yingo0 Advant ageousl y,
the asydmetrical disc mpacegammaeomedsm@@;@%gcer%%[sc stack which has
only one disc. In addition, the asymetrical disc spacer can also be used
to bal ance a disc staddGrAisaruiHay Yiew of the gsymumetricel spaeer ringalongtlined-6 s easy
to use. This easgyi@ssenbly and eases the manufacturing process. The

met hod al so generates mnimal particles since the disc clanp is not

machi ned during the bdil&ndiing peBpentive aiesv afid spindlefhubt with da dtackedrdigs to be
a registration sunf.ace. The.flat. side . provides a sinple but effective way
of allow ng the 'lt{‘(')hdi?h foﬁgis aﬁjéﬁpfsgﬁph\?ssfﬂ‘gpy

di sc spacer offset to engage on the
surfacésand at the sarmGtBmmwtdfﬁﬁlﬂxé{h&iéﬁ@rﬁﬂﬁnélﬁmadcﬂ)gtcfméj%i red
orientation. The asy trical disc spacer also mnimzes material wastage
which reduces t fECSHEK- of the part. - 0 AUS 2003 WO 00/ 48181
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FIG. 9 is a schematic view of a computer system.

Descrinti { the Preferred Embodi

In the following detailed description of the preferred embodiments,

20 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.

The invention described in this application is useful with all

25 mechanical configurations of disc drives having either rotary or linear actuation. In

addition, the invention is also useful in all types of disc drives including hard disc

drives, zip drives, floppy disc drives and any other types of drives where unloading the

transducer from a surface and parking the transducer may be desirable. FIG. 1 is an

exploded view of one type of a disc drive 100 having a rotary actuator. The disc drive

30 100 includes a housing or base 112, and a cover 114. The base 112 and cover 114 form

a disc enclosure. Rotatably attached to the base 112 on an actuator shaft 118 is an
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- disc dri | a nultiple disc stack and a ranp asse or |oading an
unl oadi r%gpery%lgﬁglducers tg and fromthe surfaces of the di _§€§/.USP9/GI422 is a
side view of a spindle hub with a plurality of attached discs and a
plurality of disc spacers which fornfa.disc stack assenbly. FIG 3 is a
side view of a spindle hub with a single attached disc and a disc spacer
whi ch f or ns 2@upLassembly. k2Q; sEhermistugtor Egsa@inbly 120 inclpdesspemhb-ike wirgompef12a di sc

[ : | [ f th trical acer ring. FIG 6
e cut aney s Eppallp o abitat: PXidinely (S SHrARG aPaAgS bniee b T FI G
5. FIG 7 iaredogdweameot lowdsprings 2f. Iooad Dt 6r 1B8Dspirid: a?é‘al@&%é?&ﬁ&ﬂo iS¢
which fornms_a disc stac ssenbldy. FIG 8 is a flowchart of the method of
per f or mi ng f‘f%‘eeramnéﬁ?fée@?t thhend ofi cagh load spring-1 24 isq sliden 1 2@ whivhtcaievi ew of
a conpuser kR aREIELN OThOLlideR LRA B Bt SIRP Y5 TT bl Falo! | oW Ng

detail ed description of the preferred e ment s, : &MY nade to
t he acconpahfrskplled teiheads Itdhould be moted shap arany kliderohaveane tiaRsdddercls0 agd € Shown

foi | | fd odi s,in which the invention may be
g)r/ a\(l:\??/ c gd . | {h%‘ HI§ gh c;g %{é’“&ﬁg gllres oeg’”ﬁﬁg‘fqu %‘é Pe Betsd) thatritis Dveaiipnieeqyally i zed
and st ruct uapplicaltiarsjdas Mangdhoreatian oHeldhttclle B dsOndu OB AR (g0Rg Of the

resent invention. The invention described in this application I's useful
\F/)vi th all CPERFILZFSISEBRRGag i Which ABe Bnsdiase 150 isgsserally usnglffellr tehding Ir Iot ary
or linear agiduabihers gbitral§48id foPWrithBeol i S oraS el il |
types of disc dri veg gi ncal adi ng 0har d&lgl géwegérhltdvogs%}é. %‘ﬁt‘ga‘%‘rﬁf%??e’?ﬁ‘%% di sc
drives and enpgsita the loadspangsdR4dnd thesslidbrsr6 ik oaide BoiltIRR. transducer from a

urface and parking thg.t sducer desirable. FIG | is an exploded
\S/i ew of one Ito ype 019 a |tz§cégd;}"%g' @583 a{;fzrf@ ad’aﬂro‘?garp?g%f’éi 42Q-ofhe mrieofii sc
drive 30 10fagmeed 180¢and:tHeOsdengiloT28)@s hel e cﬁﬂﬁo&n@ﬁpé v%i]c%icgghﬁot pase 112

and cover 114 form a_disc enclosure. Rotatably attached to ase 112 on
an act uat or“l’@ﬁlé?liprﬂfig fqree tothe agtuatpyasseynily 120 to rotate it about the actuator shaft

15 118. Also mounted to the base 112 is a spindle motor. The spindle motor includes a
rotating portion called the 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

20 which have a plurality of discs as well as disc drives that have a single disc.

FIG. 2 is a side view of a spindle hub 133 with a plurality of attached
discs 134 and a plurality of disc spacers 210 which form a disc stack assembly 200.
The disc stack assembly 200 also includes a disc clamp 220 which attaches the discs
134 and the spacers 210 to the hub 133. The hub 133 includes a mounting flange 233.

25 Initially the spacer 210 is placed on the mounting flange 233. Thereafter, disc 134 is
placed onto the spindle hub 133. Once a selected number of discs 134 and spacers 210
are placed on the spindle hub 133, the disc clamp is used to place an axial load onto the
discs and disc spacers as well as to attach to the spindle hub 133. In this particular
embodiment the disc clamp 220 is a screw type disc clamp. As is shown in FIG. 2, the

30 disc spacers 210 include a flat surface 212. The flat surface 212 serves as a tool
registration surface, or a tool used to balance the disc stack assembly 200 during

manufacture. The flat surface 212 also makes the spacer ring 210 physically




WD 00/ 48181 PCT/ US99/ 15142 7 actuator assenbl y 120. The act uatanAggsgggBy
120 inclJudes a conb-like structure 122 having a plurality of arns 1

Att ache QW4 separate arns 123 on the conb 122, are | 8§3/USBYH#42r | oad
springs 124. Load beans or | oad springs are al so referred to as
suspensions. Attached at the end of &ach load spring 124 is a slider 126
which carries 5 a magnetic transducer 150. The slider 126 with the

t ransducer qsmmqmmlmappqasamanﬁs Shbwnénﬂi(ﬁl 2 dhe spaceraing 210 catbewbad ihe not ed

that many s I & what is shown in the
figures. Jhg‘ﬁ ﬁcaasa(Tﬂ%1 gzdr?otgigg £ ?d é‘rﬂ?ﬁ(/gﬁﬁlf‘ﬁ‘rﬁ s equally applicable
to sli ders havi ng m)reFIGrmsQr@dévam@Endlé;uﬁﬁllﬁﬁwmmsxffﬁeaxﬁ‘é Paaad to as
an MR or gﬁ’ﬁ 8 r esi stlxe head i n which one transducer

r ehtigig A

s generally
used for B SBRET 4 %Pﬁ%hepéoglﬂé%béﬁﬁy T%é&CfSEﬂCkﬂFSemhhgmbgowne end .
of the act ugt t he
slider SglzgﬁngGaﬁglgﬁsggéfg?{ %e%&e,&? 'Pg%{e% ﬁdﬁﬁ%ﬁ%@%&f‘a shifte pal r of
magnet s 130discTi3d. rﬂ)ﬁrdls@fl%naghe‘tdsomemelmbd3Brandagmmﬂmond>uxﬁiagﬂangBBle key
conponent s e DL L t he tor
assembly 12 eghur 0 3§t g%%[l %sgu?ertzﬁﬁh%\%‘fsﬁﬁ’g‘g# °‘§‘Hél?et& fgdl%’% Sgﬁ%ﬂﬁt ed to

the base 1133 A élampi2adlietheBueéd tollisid S dis B34 RIdQisd SpatdtPeo téithe hd, aki NY
portion called the spindle hub 133. In this fartlcul ar disc drive, the

spindl e novelas o apphanasldorredo thediss spacer 214 andithehuty] 33i Ehesise alither e

attach t c or a
i {foragt v ReRacer 2007 ebpustfl B WlindHef oltk WEER oy Blfltels halE
descri bed hﬁslersmchesthqd'aklsgac&pbbméhllﬁa6 di sc drives 20 which have a

plurality of discs as di sc drrves t have a single disc. FIG 2
is a side view of a spi Sﬁ‘lﬂf"ﬁﬁ ’Vﬁ't”ﬁwa?f flisg fﬂafle’d?n%%taalé‘i’{e’@aflﬁtscs 134
and a pl ur aduifade 2. %smﬁ@mledwlmmgrm@%&w@@&%aﬁﬁ&@n‘%y 200.

The di sc stack assenbly 200 al so includes a disc clahp whi ch attaches
the discs %u%wawbvéygtﬁgewgdezmwrtdmmmqmaxwéerrrumng_tsmmnahqdes a

P ange Sa, fEr A bod) gD alsb Yl o b RS fhe £ 113 AL BB A% e tB U 09
b 155, Cthe s s ol o Le used to b Wm%nniﬂc °’Tm’§gdemﬁi%déwa?§£2dgﬁd
d:Jsc spacers2£an ﬁﬁFﬁl‘fl@fO{TB ;{fﬁﬁf}ﬁg‘f 8‘“ a’?ﬁﬁeﬁgigdr}'bﬁa‘i@ga" ‘P?rmtbﬂ%

particul ar Tremmmmélmt ﬁir%e@l@ﬁﬁll&%@yH&&d&ﬁﬁ:ﬁ%hw}qmdde%f‘gn&km As is
shown in FIG 2, the 30 disc spacers 210 include a flat surface 212. The

flat surfackd® @E cspiey akmass of cefer of grayjhysie shift fsem §l?r‘<?¢}:?é genteyyling of beHisesed to
bal th . . . f
2,200 90" hepiten? TR0 R AR A UUId it BB MIGBE LY I 10 0nild s ET 1 20

212 al so makes the spacer ring
components used in the disc stack assembly 200

Now tumning to FIGs. 5 and 6, the offset between the center of gravity
or center of mass and the axial center line of the disc spacer 210 is shown. FIG. 5isa
top view of the asymmetrical spacer ring 210. FIG. 6 is a cutaway side view of the

25 asymmetrical spacer ring 210 along the line 66 of FIG. 5. The center of gravity or the
center of mass of the disc spacer ring 210 is depicted by reference numeral 500. As can
be seen, the center of gravity or center of mass 500 is shifted away from the axial center
line 420 of the disc spacer 210, making the disc spacer 210 asymmetrical shifts the
center of gravity 500 from the axial center line 420 in a direction away from the flat

30 surface 212. Thus, the physical asymmetry also provides for a shifting of the center of
mass or center of gravity 500 away from the axial center line of the disc spacer 210.

This could be termed as producing a mass bias direction, or biasing the mass away from
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2, the spacer ring 210 can be used in disc stack assenblies 200 whi ch

i ncl udeW® 44818l ity of discs 134. FIG 3 is a side view oPCHUS)ISURZe hub
133 with a single disc 134 and a single disc spacer 210 attached to the
hub 133. The disc stack assenbly 2009shown 5 in FIG 3 illustrates that
the spacer 210 can be used in a disc drive design with a single disc 134.
The di sc 13he bdalpieatee tineof the tlise spakr 2183 Tha diregRnrd thethss BRIRRY dwg fonange 233

of the hub Then th C 210 i g.positioned over the disc 134 and
around t he ‘ﬁaﬁa‘mmk gPiﬁ}?ng‘osPﬁg ’tzﬁgn used to hold the disc 134 and disc
spacer 210 Lo the hub. FRS. 7Whbhs aSpdrtbedit ¥iedloPticpifdll G 193 bl g S

spacer 210 and the hub 133. The use of the 10 as?%getrl cal spacer Ois

very usef ulatiaghasbdisn dPhdomning Hdisn stadk aspembly 200y thSOsnglls eutawag kpd such as
the di sk StaglouaPRWdrity 5bfhat the fbluind g8 2RSRORM 1Y€ il SW Blocl by Ui SC

spacer ring avi ng I"at ~ sur e di'sc sp udes an

annul ar nalamdm:ct;asdlﬂﬁmpmo.aaﬂl b@cléﬁ'& sedh eThespindiedssenbly ZDOduo H&3Qniakial udes an
I nner dianeter 410 d_€¥pn ?‘L;(t&r nmeter, 412, The 15 annul ar nai n _body 400
al so has arfeRir lpe t &YPIf3 ??5‘3 qqnier fipg 1/ 2Q gorespandsito theaxfspixptation r om a

portion of dffige iﬂlﬂdlé(ﬁabqf?»ﬁ&%m&ﬁfre ditO stabit ﬁsémﬁ%%l ated that the flat

surface 212 can extend to forma flat on the outér meter 412 of the
annul ar rral n body 400. AlSPkﬁéloﬁ@sthIQnMS a finss biasatirestior 20@arlPseaprid bigsar y

depend nt e nt.er.,of mass or. center of
gravi ty to S%QPFKQ?? @:fﬁggﬁﬁ_f agé%rﬂon 7 i ﬁe“%&‘%‘%@ “3&‘3 eﬂ?"%‘ﬁﬁ’g&f therpq
amount of dehfet oﬂgxhhrydemmﬁdmmmmmnwemmaﬁn th&disdispaee] 'n\btherWrdshe

corrponents n the disc stack, assenbly Now turning to FIGs. 5 and
6, the off 515? gﬁé% gHestinn %@r}ﬁgr € direchenip Wché‘re csaler of sErtysdhag bgen he

axi al cent eghifldter ME diéa%psee%mpﬂﬁ‘eegec&il&mhédﬁéwM716ks%eggh%f&e cbqy Vi ew of

the asymetrical spacer Ting 2 s a cutaway sl Vi ew o t he 25
asymmet ri caf grpuitye from rthe 2x(l seotey linkeof] theali®Gstack ROG tha. redits frommtler of

graV|t or S 2 I S depi.ct ed by

refere%ce nh‘trir&g]rag ‘%S%gereﬁs“}g@n&e artéglgaﬁ%ﬁﬁéﬁé)gﬁ?&ac%%&;& ﬁ%%ter of
mass 500 |Sdl&bmdrt'kld)ﬁﬁ&}’sofb’dlh@xiéhéoﬁaslmémﬂﬁlhheéofthédﬁcém méhﬁmmmﬁp spacer
210, makin t e disc Ei’,h g%é/ng{eérlcal shifts the center of raV|ty
500 fromt ?F&ha"é%%%'r £imbalancs of thesginags a5 astcmbled RrsHiherrenter

surface 212gra mth@msooméu GREmBRY PORLS shifklsm RS %ﬂa@'@éﬂ% fneanﬁhhfzﬁe ng Of

the center mass or center of gravity 500 away fromthe axial center
| i ne of théeenr@cblaﬁdbmlozﬂoo This coul d be terned as producing a mass bias

direct ﬁ(?n’ or biasing Ag%aﬂ%gsseWFfd O7mtl§c Sec Ugnc?glas ‘direction 710 is directly

opposes the first bias direction 700. Another way of looking at this is that the
imbalance of the disc stack assembly 200 is being countered by the imbalance of the
disc spacers 210. In a disc drive using one disc spacer, the imbalance will be countered
by the center of mass shift in a single spacer ring 210. Another way of putting this is
25 that the mass imbalance or center of gravity shift from the center line access 420 is
being used to counter-balance a similar shift in the disc stack assembly 200. As shown
in FIG. 7, the disc spacer 210 is positioned to counter-balance a mass offset in the disc

stack assembly 200.
If the flat surface 210 is formed so that the flat surface includes a
30  tangent of the inner or outer diameter of the disc spacer, some interesting relationships
are formed which can be useful in the balancing process. Once the mass offset of the
spindle assembly is determined, a plane including the center line access 720 of the disc

stack assembly 200 and the center of gravity of the disc stack assembly can be formed.
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The direction of the mass shift is away from the, flat portion 212 of the
di sc spa¥@P043181 F| G 7 shows a perspective view of the sPCHESes/Hus2 133
with an attached disc 134 formng a disc stack assenbly 200. The disc 134
is cutaway and 5 renoved for claritlf so that the nmounting flange 233, the
hub 133, the disc spacer 210 and the disc clanp 220 can be clearly seen.
The spi ndl eMovingths disospacess 2H erdisespaceri2af to z podition Where tHGentdh\afineak| y, t he

axi al centegehi : ds.to the axis of rotation of the spindle

hub 133, or o‘:bé ?ﬁ%zsgs%’tn?%g g?‘gggyg?s%ac‘}?e‘ig%ﬁ%F'}‘e&%mﬂ IbeAiscsPIEs. 7 i s
a first bi agngiiresaits inthe AfGurfart 21250e0aling tiaDlant AefhddiR) the axik first

bi as di rect17$¢1%ti£0 is associated with th% m?vemaﬁt ﬁhegxic%‘%{neer;ﬂg?

gravity 500 ? flisC stepk pssemhbed00 and @ pemy asseciated wiiths thespasseffset of the her
wor ds, 5t hedikt fatk BsadbE 200C (] | ' lLon .in. which the center
of gravity 5?00 has gee_ng shi fI'lttté%(Ejb g%r %%é@?lggésg%g%’grﬂﬂgbe FHET SRRUWSH bi as
di recti on 7diemgist effde disc spacer ring 312, ahe Bat surficegridivissentiallp b pbpendicalar ceNnt er

line of th ' t t.-results _f.romthe 15 inpbal ances. i nherent
with the pgttro Sbsél? ﬁget& o m&?wéQ%'tgrclmftaﬁ{?I?f E}Géﬂgcfﬁék aserhly 410a0d the paiat i on 710
can al so beinthdingliic mssadfsetsf the'Bigt sacieassdmbipe di scs 134, the hub 133, and

the disc clanmp 220. Tr}:ﬁ igrbal ance of these parts as assenbl ed causes the
center of gravity of Hfe Ei@@%?’b?&l@f%mﬁmdfom@kmgﬂ@rdis‘ctsﬁckasseim)ty axi al

center1i ne2otRthd Pathiténe SEGRNG;sP! L EeGh] 710. 20 As can he seen in
FIG 7, the second bi s di (ectgllsgnSﬁgﬁ S ?gg'tl R & ?‘ﬁg‘m? %glf bi as
di recti on 7semiingtdise stagky irgfailtyplacesghatpatdri2d 0] and than tHehdisc i Mb@ltgmge of t he

di sc stack i ei ng.copunt eped by the inbal ance of the disc

spacers 2105.%§ eﬁf@%}égg% f};gaﬁg%hcge%lﬁ'eméf%e ymbezs 30Q and §10prerpastixelyi | | be

countered The distepavensrespabirs DBEare phicéd by dhtdinatéd Bh&hifPR YR orientffion Lary, ANOt her
this is 25 that the mass inbal ance or center o graVity

way of puttin ! .
shift fr omctl‘?fg te s dimal prientatione as; depicted by referencegnumteat 820. cthendisy 20Gisance a
sim | ag5 shi ' | hown .in FIG 7. the disc
spacer 210 ﬁ?éce%g}é ?\Elﬁrg‘%igg??a%h@gl? r?'? §$ 8{@}: é%%gpza] dr’?sﬁ%:bl%?‘fgsgfmﬁ apsgiatnds o
st ack asserwitly tizogutomated mgachinet biases the eflap $llei of therdi@dsé)_%@ertm inf Berbd at

i

surface incj 30 _tangent of the |pner or outer ameter of the disc
spacer, sor#i%llé ?tﬁ%%ea?«gg?lftﬁ%g}' %%WW%&é%aﬁ@eg&swngéH°(§’éﬁ§%@el§%S§f ul in
t he bal anciongliges 084 &5 the OppesiteltiredB6s a9 Ubsikd 8) rifdfoncs RhHLESAS SRRy 1S

determined, .a.pl ane including the center line access 720 of the disc stack
assenbly 2 Xfye Prwpt F flgt sidg efithe diseipacend1Qjithedise spekerd Oeelfiblgnsan be

formedo  to the optimal orientation. This biases the spacer 210 and disc 134. The clamp 220 is
then installed, as depicted by reference number 850. A balance check is done after

clamping the disc 134 and spacer 210 to the hub 133, as depicted by reference number
860.

Advantageously, the asymmetrical disc spacer can be used to balance

25 a disc stack which has only one disc. In addition, the asymmetrical disc spacer can also
be used to balance a disc stack which has a plurality of discs. The method is easy to

use. This eases assembly and eases the manufacturing process. The method also
generates minimal particles since the disc clamp is not machined during the balancing
process and the flat side is formed to be a registration surface. The flat side provides

30 a simple but effective way of allowing the tool that performs the disc spacer offset to
engage on the surface and at the same time automatically align the spacer in the desired
orientation. The asymmetrical disc spacer also minimizes material wastage which

reduces the cost of the part.
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di sc spacer 210 to a position where the center of nmass of the :disc

assenbl ng”"‘@mnter-bal anced by the center of mass shift RGY/USRYGI43C spacer‘

rings results in the flat surface 212 intersecting the plane defined by the
axial center line 720 of the disc ktack assenbly 200 and a poi nt
associated wth the mass offset of the 5 disc stack assenbly 200. If the
flat surface includes HG &igsphematic view ofiavomputer system. Advanegesnslgfthé he di sc
spacer rin i ill. essenti be perpendicular to the
pl ane defi g’é’g‘;"ﬁ?f‘ %s%léée%%rw |eﬁ§'eaé:xfn st s’fsﬁeén h@dc eé’é’B’pé'%éﬁﬁW 190 and
the point maydlsedienglledun aiarasniosystei o ihfoemsticithanlHBEKsREHEMY WhcnfdkS 8 1S
a flow chart of fhe met hod .for _naking the disc stack assenbly 10 200 and
bal anci ng dt “THa! BIOSESSUIZMRE: AJEERYAnd o system dyar abheowmformatign handlifgr
assenbl § ng sgktem isdldddsS deftrilat ; h n_the di sc
134 onto thsg spacer 210815&#%%1&5%% lﬂﬁggo,ohégr%@g@ﬁ%%%%?“?éﬂé@%c@#ﬁnbers
800 and 81CysttmdpelQ30fer ommuptieativiely coupliag ¢he centraipromssing it 2064 sldaked by

aut onmat ed i i ki ti.on ver. close to its final ,orientation,
as depicte yHr%gCF éeérgélrr)\%gorgat%?éﬁgzlafor‘f‘ﬁéx’ﬁp?@?’%@y?tgml Oﬁl’%@B@F 156t omat ed
machi ne on drive de¥ict twehislp awhide? 2. rathphdeserited dbowé.UrFhe infsrafatidh Hndiid N t he

aut omat ed nmachi 6 bi as s.tPe flat side of the disc spacer 210 in a first
di rection afé’S‘B‘BB 2 way glso include ampput/ouip Pug Y O, andsenerakperipherak dewiessal so
bi asesig he & 1 | ' BP&% ' | as depi ct ed by
ref erence nunberog%ol@%??%%’gélgb’?g%@%@ I Xt u%)goegdlsgaﬁgégtgﬁ“eelﬁﬁlgt&gfugémof t he
di sc spacerl028.0Peripherabifleyices pay éncheit haslalifc ddviesjnsagiidtd eptidabdisssi floppy

orientation Thi ' s_the spacer, 210 and disc 134, The clanp 220 is

t hen i nstalq*wéc : v%g,%é%o&,écgﬁ% %@8?@?&@“&%@?’3@%.% SeneRfdiscdidve i s
done aft er malwepheidehkavilightie ditfhca fdataRACEECRI dHdvEhe hub 133, as
depicted by reference _nunber 860. Advantageously, the asynmmetrical disc

spacer can be used to Ik irRecundsrstopd thatcthtahexe dpsceiptipnds oxendedrio ki sc. | n
addi tipn, iheuaseaRd fd idivec -HASE | ance a di sc
stack whi cﬁ has a pl ué‘?itﬁi@%u;g%’? g’iﬁ‘?ggﬁ{eﬁ'ﬁgﬂ?@ gﬁ‘sﬁ%a%)fta?eg??ou@g% qfra]li S
eases asserskillingihd astupen teMiswing bk above degriptia e The stoge OE tHeoihvahtion

gener ates g Qi rticles since.the dis | anp i,s.not machi ned during the
bal anci ng q}ﬁ(rmclf(i:’rg}gesr&gﬁed b?ﬁ%ﬂ‘% ‘%‘F}]‘(SF‘?{?C? g"r‘ﬁéaf’?%'dsﬁc "F‘%@(f%‘igr‘éﬁmg}?
surface. THall fdopt ofeqlavalemyiodasciBéuch chimphe datitle®f f ective way of allow ng
the tool that perfornms the disc spacer offset to engage on the surface and
at the same tine automatically align the spacer in the desired

orientation. The asymetrical disc spacer also mnimzes material wastage
whi ch
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FIG 9 is a schematic view of a conputer system Advantageously,

invention is well-suited for use in a conputer system 1000. The conputer
system 1000 may al so be called an electronic systemor an infornation
handl i ng system and includes a central2 processing unit, a menory and a
syst em b¥hatiselaimgdisiat i on handling 5 systemincludes a central processing
unit 1004, a random access nenory 1032, and a system bus 1030 for

comuni catively coupling the central processing unit 1004 and the random

access menoly A Q3@ stadhassembby fortub®in hé@iveltiivg tiseyditesackORderhblylroded a di sc
drive device which ing¢ludes the ranp described above. The information

handl i ng syst&fin 156 %ﬂ%@%ﬁtwsﬁnblﬁﬁﬂmpﬁﬂﬂmt bus 1010, and
several peripheral devices, 10 such as 1012, 1014, 1016, 1018, 1020, and
1022 maybe attached to the input output bus 1010. Peripheral devices may
i ncl ude hard disc dpind@hub"mmahlpcotmléd:m the dise dsive fdrqppyidingisaaxibraboers,

Use the sl i abr having RSB VREAFIRS avechate RGeS 1o be

understood that the abowabstesediyRiyliRdridat pbitfoanded to be 15 illustrative,
and not restrictive. Many ot her enbodi rrents Wil be apparent to those of
skill in the art upon review ng the above description. The scope of the
i nvention should, ‘ﬁ Ef ore, be determned with reference to the appended
cl ai ms, al ong withat full scope of equivalents to which such clains are
entitled. - 4. AUG 2003 What is clainmed is: 12 1. A disc stack assenbly for

use in a disc drive, the disc gtack assenbl rotate tﬁ within the disc
drive, the disc st Ad@syametanal disespacesh %ngwmn@ els 1Ty Gmensigned Qoupl ed to

the disc drive for provigidg &g cithdicabBhtion YRireipkibte Hirsansbasingsserd! y

rotates, the hub including a stantl Iy cy rical porti cl anp;
an asymetrical di vamganaxldiawtn@narthopsymmgtrmbﬂeshepmoﬂlhﬂﬂrmspmd to

receive the cylindrical.port,i. t he s i ndl t he openi vi ng an
el Cont ot Y nen madiculn tnifitn e denter BPRSS T oRtidhse S@esCRAR APaiAL no 3
shift in the cent erceﬁifeﬂm,salecafsyxhhﬁnfhamla@%eﬁg af ot BuEdre iAdtidihg a chord

of the outer perimeter of the disc spacer; and

a disc coupled to a hub, said disc spacer positioned so that the shift in the
center of mass of the disc spacer counter balanced a mass offset in the disc

stack assembly.

2. The disc stack assembly for use in a disc drive of claim 1, said asymmetrical disc

spacer including a registration surface.

3. The disc assembly for use in a disc drive of claim 1 wherein the disc stack has an
axial centerline, the flat surface of the asymmetrical disc spacer positioned so the
flat surface intersects a plane, the plane including a disc stack axial centerline
assembly and the mass offset in the disc stack assembly and the mass offset in the

disc stack assembly.




centerline, the asymretrical shape being a flat surface includis
of the outer perineter of the disc spacer; and a disc coupled toaaﬂ]lgg?zgoa
said disc spacer positioned so that the shift in the center of mass of the
di sc spacer counter balanced a mass offset in the disc stack assenbly. 2.

The disc stack assenbly for use in a dil8c drive of claim1, said
asynmmet ri caft- dthecdisgrdack-aspereblydpigsedn pdligcairivatof elaim drwherein thye dighetack sc

assenbly for s L SG: Q. im 1 rei.n e disc stack has an
ol cnt or | 118 &' fededbkaidl et ot e R FvPhebstied e Bt
positioned so gositionéd &d theftat am€aderis sutsemtisllppdpéitculdte aplaRethe Mdnddi Nng a
di sc stack axi.al. centerl.ine ass,eanE/ and the mass offset in the disc stack
assenbly and tiReludingdhedisespck axiphrenteglineasserably andthemags offsenofshedis. 13 4.
The di sc stack assenbly for use in a disc drive of claim1l wherein the disc
stack has a disc stack axial centerline, flat surface of the asymetri cal
di sc spacer 5. pldeidiscostak aseerhibly fot wse is adisaclrivie ©f slabm tlavhdreihlthe per pendi cul ar
to a plane, the plane .including the disc stack,axial centerline assenbly
and the mass oPYEEEUEl BHE SPiCERR Resitioned f QUREF BARNCEARA Lo Hee | n a
disc drive of giaim 1l wherein the asymmetrical disc spacer is positioned
to counter balance a mass offset of the disc. 6. The disc stack assenbly
for use in a disc drive of claim1 wherein the asymetrical disc spacer
i ncludes a of:f s rlcal di I Ltioned to counter
bal ance a naggzﬁlc?fcpgsceﬁc&é?ﬁ%ﬁg?éqﬁste%g%sgq%ﬁég? r vé% e?%btéllllem 1 wherein the
di sc spacer ceiymmeaicaldiss spdcet elwlpsa @iass 6ffsedthe agynaheteicalfdischypaceti s of
rotation of the hub (?nd t he ge ter of ma%s o{ the other portions of the
di sc stack assostioped to eoynter Dalgperes masyefsst ok the disgi s of rotation of the
hub. 8. The disc drive of claim1l wherein the registration surface is used
to position the disc spacer so that the disc spacer center of mass
count er act s7t Heheakistt dniveadf alaimsl wbérfegethe disctshacenténter qgfamdss ofithespadenis di sc
stack assenbly. 9. The djsc .drive of claimg@8 further c risi lurality
of "t s apacerdn ongiabafdhe byt ofidtufntt B Bibantthe Peherot s o Bt
plurality of dickGsns of the disc stack assembly is on the other side of the axis of rotation of

the hub.

8. The disc drive of claim 1 wherein the registration surface is used to position the
disc spacer so that the disc spacer center of mass counteracts the center of mass
offset of the other portions of the disc stack assembly.

9. The disc drive of claim 8 further comprising a plurality of disc spacers.

10. The disc drive of claim 9 further comprising a plurality of discs.






