;e3e~ {| @ 6: T NX 6WD 00l 48181 *~~1* PCT/ US99/ 15142 COUNTER BALANCE DI SC
SPACER FOR BARD DI SC DRI VES The tion relates to the field of
nmass storage devices. Mre parti ammﬂ Il”lmmm |nvent| on relates to
bal anci ng a di sc pack assenbly ab spindle axis of rotation. One
of the keyWedtd#ents of any corrput er system is a place PoVE¥B & 4Yat a.

Conmput er systens i f tored. One
comon pl ace for m@m&ﬁﬁéﬁﬁgﬁkmmﬁgﬁﬁﬁgsystem is on
a disc 10 drive. The nost basic parts of a disc drive are a disc that is
rotated, an aci,uat gr Ehat hoves a transducer to various |locations over the
disc, and ele ry that is used to wite and read data to and
fromthe disc. The di sC Tiel ptesedt Penitiof rtlakeS tLihe Aeld 6H/mhRIstRapetiiags. dat a so
that it can be successfully retrieved and witten to the disc surface.

m cr opr ocessoMeBATHEIAlNBEinsRtHElaHiRbAlNGRE2 ¢ Rk 29PEblY aPT @ diis el I as
passi ng 155t hgpglalaxidctdiont he requesting conputer and taking data froma
requesting conputer for storing to the disc. Information representative of
data is stored on the surface of the nenmory disc. Disc drive systens read
and wite inf racks on nenory discs. Transducers, in the
formof read/wite heads attached to the sliders, 20 | ocated on both sides
of the nemory disc, readOBsR thirkey eompamentsek 0y FOrBPRIST SR HEMRCEISHYE when t he
transducers arRtad Tt pRte? L%tel?&sﬂa% *%Qﬁ)ddx?féfeﬁt Plhakes ¢ Q}fhe:fehﬁta% b9 R8fe@doht acks on
the surface of the nenory disc. The transducer is also said to be noved to
a target trackommenpipse fos SiOF)E Wassive apIoHats ahdata e GoERYTenAYstea 15 ana disg

accurat el Yo posiilt OPRImBAMESC aaﬂsaafqeﬁsctdme kre AL i thATHONMddL Bn NGREb @R Store
data onto a track by witing infornmation 25 representatlve of data onto the
menory di sc. Sn9¥es aftfagsduees sqiyasgus lweations over eneipgs agd electiienl gequiippthptdhed by
posi toni ng. { iged 16 3fan£2a AR BRB6: e b e didoBe ARTL AL ipe Stored
material on the nmenory disc o wite on or read from dlfn erent tracks, the
read/ write hedordngoding\dats sp Hat iabanbe seqeessfilly narieved andswrittengo te dise susfdeet ar get
track. The dat me di sc
drives, the tr‘ggtczc’%?ée@s%?goﬁ %%&Pﬁﬁg 6@9&#0'3 gﬁ@ﬂ%‘%??ﬁ%?%ﬁlagkgmﬁ cks

ot her di sd5dr ithedata back tmthe mecs@nqummitenasd @mgtdaecﬂonbweeh@nsg ¢hanpyfer a di sc
drive. Servo f lfol ffgmation is used to accurately ~' O 00l 48181
PCT/ US99115142 ate t e transducer. The actuator assenbly is noved to
the required p05| t| on anafdimhtdony representative @ alatp id rorgsigorm theesuekaesy ofhé t e
operation usi r T 1 i ) housed
wthin the ol 2ol (RS e B GRS Rego il RISy Rpdd®l Bt 00 0
the di sc i n a memorgdiscs. nEransdhicers, onthhifgrmao ft lead/Wete heads attached to the sliders,

20  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
25  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
30  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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5 disc. The small ceram c block, also referred to as a slider, is usually
aerodynam cal |y designed so that it flies over 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 Hﬁﬁgﬁ?’%i and the
di sc surfad¥00%sling pressure, which forces the head awayf tHE qi sc.

the sanme tine, the air rushing past the depression in the air 10 bearing
surface produces a negative pressure &rea. The negative pressure or suction
counteracts the pressure prﬁguced at the rails. The slider is also attached

to a | oad spri KEpthe Eps g actuatqr gsserbly is eyed i tf‘%l@ﬂmEﬁdrp@%?‘E’oP“f' B#Ard t he

di sc surface. Jé??aééﬂiate@@nﬁ@ﬁ?ﬁ& P il dpbiafirPusky hdRrsd in@haichl es over the
surface of the disc at a Plartlcul ar fly heig The fly heig is the

t hi ckness of the air | ubf %5?‘156‘1'1’3?lslt}ﬁlbarnythﬁ‘éseﬂl“’é‘?”é‘rfé%“ﬁf b@‘?‘iﬂé‘éﬁ‘f he disc

surface and t hg,dir@RasibdRavhiteachassth boeritiel diSc & 4 (FAnSRIcH §r§lﬂ%n§licij;! wit @p and
resulting wear that would occur if the transducing head and disc vvere in
mechani cal Scontisk Theispaihisramic blofky plsp redprred o aspifidery jsqsualiyjagiodynapmically| j ger

passes t hr oughydigh@dsdthabft filesibvet o isc. rrﬁbﬁ@ﬁdeﬁshave dnl ¥l Brify firfabd\€ABSH f ace of
the disc. Wien the disc is operati. e disc is _usually spinning at

relatively 20 Whigh inciidss Eﬂlﬁéﬂfkaﬁé‘f“ygl?%‘ﬁﬁeé the ralg \Whenihe disg g9tates gimidn

rotational Spe@@fgg@ﬁ&w@%%n@?%dﬁﬁ%%&%k AR gl%séu?e lwhsm foyeesftRé wgace disc
drives are as 0,000 RPM Hi gher rot atl onal speeds are contenpl at ed

for the futur eawaﬂﬂfé@@ theidis. Abthesrmnimesthe aig sishing goss tedleprsssinniia thesirc es s
tinmes. |n @theg.upp erfac@ﬁroaln:%s 9h§g%t1§é)brgs§mfeaa§etae The h%u@@ﬁé&ﬁfé%@@&n@ﬁ the

disc drive is inproved since the time necessary to access a particul ar
pi ece of 25 i nfaynteracisghe prassutgerrefiuredeatithe e r Tendder istalsptatiachgd teglpad i nes are -

a constant goal,Qf Wi Fofics @fbﬁicermﬁmé fd RESedlowdlSthe Qfsl: \EFace. thber
rot ati onal speepds al so nake t disc drive nore susceptible to vibration
due t o unbal antasiguy forogs P‘-‘h’@}lbﬁ%i? %Osthe slidepflicp avpr the spegce obthedise abapastiylay process -

typically inclydgse ﬁtherhpame@hngt&fm@ﬁ{ekéohhasumbhkatfoﬁtm%rmet&aét&céhe di sc
drive. The main 30 rotatin g part wwthin a disc drive 1s the disc stack

assenbl y. Phe latyeendheslise @376 the tTagsdyping b?adn"ﬂ?léﬁlm %iti@ﬂﬂ@éh%ﬁie@ntaoda
spi ndl e hub. QHSh o the
spi ndl e hub. geglgflﬁéé@%%%g?ﬂflgk used f{r)&rsotg% u hﬁrﬁ% Jﬂéscg&g%agck

assenbl y. ' VOOt &g tisg ratetipp SO mestise Arives, the Sb@r yaasmbmém layey ofiave a
bal anced di sc n results in many problens
in a disc dri v@gﬁéélngﬁ%?ghg}ejﬁn?gé;%%ﬁhg?%cggpﬁkgirﬁpunbal anced disc pack is
that it vibrates and cau3@snghsidiss is gperaimbahediseis vdiatly splamlngal rlatively esses
the bearings DEENRSAuINE phlifil (RPROS thald dafs dofihollhafiifh G SR © shaf t.

5 Stressed bearings have a shorter |ife which may be an the stated
life of the di BeMdRotationahspeedsiimhigh perforaiance %Glnv%ﬁlas@%dmhsﬁésloéﬁ@ BPMc speed

variati ons bet s bty SUACHE LRklAC BMle e | RSk RigARbdiGailhats These

speed variatio may res Iinread/wite errors r an

vi brations of allews @r§@f@[m¢§%mesw§wtbﬁrwr®mqumsm&@tﬂe@dp@mmg 10 In
addi tion, plan liiQ& q Ig td of the
dat a surface o?fvth%elgd?lg‘%:e ?ra e&{eyap’l%@woﬁﬁw ésEJ,]*. %X&% g éu%rﬁ%ﬁﬁgad

di fficul t.25] n wofdmmatiquoenithe drive is aﬂqsmds&qneacdcemtbmtaesaucms&anpg@amf
direction, theyd %(}qﬁl: pass transverse to the tracking
di rection of t e{gtﬁ%‘rgﬁIE u%ﬁ%&#erg \%L"Lsrobl emis magnified by the fact
that the tracks are ver yHeﬁhetsrelalyombwe@idalso maketia fiss duivegnord suseeutiblel® tr ack
densities of 1 c c hunan
hair. This pr ogP%%QI\‘Mh a%ll&ed t’&&lﬂngéﬁ-ts %tm@smlt éé'heétﬁeoir%g%nllbrll%g es?

track densiti e&pmlb/ln@mdcethpbdmmgfoﬁpaﬂsmtwutmtaew1thm tbeﬂlscrdm@r’ﬁs maim sc dr| ve
per f or man IS e i t no Q r.. The
nor e trac%? a %scggas wlhgﬁgr%drdé’gfsﬁ?ﬁl%a gﬁssr e{|é)l egtl%ér)\ |nga°f§a ﬁ’af can be
stored. Furt heonmm,orqcﬁscs Mcmdmapmlﬂiubnbaespﬁ&mmcmmmumwyamm chis

hi gher than t h&le Efs@g%eiﬁ' %m% ehwg' Sihspﬁﬁfevrgoé ﬂ: 24 Yo rolia?etr ﬁgb ax{dhcﬁsc stack

assembly.



head can cross the track several tines between servo sectors. Prior
attenpts to'sol ve the unbal anced di sc pack probl ens invol ved desi gni ng and
manuf act uri ng di scs and hubs to tight tolerances to attain as close a fit
bet ween thﬁmﬁﬁ@@& dianeter of the discs and the outer di 3gRlRbyRi4t he hub
in an attenpt to center the rotating mass with respect to the axis of
rotation of the disc assenbly. This sjill resulted in out-of bal ance
conditions because of the inability to attain perfect fits and uniformy

bal anced di scs. To obtaif. better nce, .bal ance rin re used. By
ei t her addi ng or renovi nlglsr‘r'ﬁl?lé?ila%r?a%{‘t?&%et%bg?aﬂgﬁqéﬁs&pﬁc ?r’*ﬁwg“‘e‘a"sfy?aﬁ Ftat ed by
sophi sti cat ed chadidsrciesidts gmanprobleme it @disddrivan Gnewashlabhabdigtel withibn at t he
expense of 30 further.steps fo]l.low assenbly. of, the disc packs. U 'S Pat.
o - 558, 803 WA dikets e babh RO pREBE pler, At et ERERRT AT vl 1
of di sc centr alreRpethe bedings betare@etht edtatitg porttoiesTtthevhtc indothe psindié st t h at

| east one of the inper. |1s to center.discs. ,In U S Pat. . 4. 224, 648
to Roli ng,g) \/?3‘3 ?ﬁ@fﬁ%"ﬁ% P Pebichmay, tlﬁ%%&fégﬁéf%ﬁ%ﬁ‘%si ng a

steel centeri rigivealAn adbalahed aliget @ick @fso aadkies erriicspebrhvariagjors betweeapher i cal
surface facing a i ndl e cyp, Centeri W th respect to.the inner.walls of
2t oo does. ndrudiBnr bt Nhe, S50k S0 PO adsE S vrriftioh BaY TGN e

maj ority of rqéaalvriigerfaas SPlafar bitBaxihi]l $ibtatiohd 6thé disssuataed siayQRb comtibutout si de
the inner wall ﬁf the disc. The outer dianeter of a disc nmay not be
perfectly cond®hti®®sSt h the inner diameter of the disc. Thus, centering
V\1th res;)gct tobtpe innﬁmafddiﬁdfﬁbﬁﬁar@fb;dﬁbﬁs&g&ﬁﬁiohﬁﬁﬂibﬁesvﬁhﬁ\%ﬂg&eﬁf|Si on in
al i gning di scs ore t stenin e discs to the hub ; negl ect s
sone of the ndf taé&[f%“éﬁﬁf%i“ﬁﬁ?:k%ﬁ&%f°ﬁ%“&8€‘g‘5“ﬁ‘b‘fl}‘%h°6$d‘?€“rﬂtem ng and
:‘Aﬂjst ﬁnij ng dids Gghet Q]?xfdﬁ),rvmeﬁﬂﬁ idis€ (sjt_ﬁﬂ&c\}ilgit_@s ialamndhﬁmécttdn, Ratrhdkab Be ﬁiﬂﬁﬁécgt ion ]

i ch degrades .performance of disc drives may, even cayse a head crash.
Mat i ng surfacé‘élﬁ PRS§ FnsYErse WéI‘ &gesione H’\ﬁé‘ﬂ‘%m‘b‘f’g E‘?"QC*E"EP]‘PPISF Hpeni ngs
and the cent ermdpgifRet ®FeRY fadthdgthe. trabid are Wy ctbselP §paB6tB 1Aan6HalRAistdARds, bal | and
spindle cuy are designed to slide while

? in U g Pat. No. 4, 724, 648

subj ected !t o preeksdemsities of10;000 Hagks Rer inehaze somuppn. SS1E fracks £if onp ApHRnha.

undesi r abl e papid grb8iem wifd oMy @bt esrselisSiindinskhed 56 8iNbe MightR tadehStiesiss I N a
disc drive is taul%ht |% U}1 énPat. No. 4, 683. 50S issued to Schm dt et al.
In U S. Pat. SRptemplatedder thesfpgurer, dn giher, wordsy dispadrive; ReEfermgere 1 bopgediby er nat el v

di ametrical | y paédisetheaRrd mdreSlbit) RgathiérS Phe mBedkdcRi a dlfdehadi BEmoRd €
positioned as a function of their outer edges such that alternate opposite

outer edges | ilpermayonEPIEsEtinhdatndst cam be storsd. Brmthermass iishe whraienal ®edsd noni nal

dianeter 30 ditgesgeqiBicy whthid fighek thafthe FRGEBASR whithisBSo BebiRE4re Rfad axd al nodal
points for potentl?ﬂ i nhal ance nonents and reduces the anplitude of

associ at ed vi Biedt §3BREss the Facksysyrraltignes berwsensssrigi segpi§at el y di anetrical |y

of f set about the spindl epistisBierifts td'@iveRRd isbahedd R aQRORERAL fvbRAA to
bal ance each ot her, to mnim ze potential vibrations. The problemw th this
solution is tHistisnipg mdqpnuiastuging disesand hiybsep tight talepeesitpatiaasglosea 8t ack. | n

25 addition, tHifvesPihd irineHifRRs oP Bk dIEY dhd k2 oilicS GiambRCiShd Wbiinth Affpfli SC
since there is no other disc to counter balance with the only disc. Many of

the ot her 230l UP PR thetAtng magh Witk Jaspest to the axiGAf 1orptign of Histdisc a5l e t o

manuf act uri ng. Thid WA reshifNiLoltdf-Bal R SorldRfonebe¥ailsh B the MhbARPR aRhiH Perfedf
bal anci ng the di sc pack having only a single disc. There is also a need for

nly ngl e .
a method t hat fitsandamiforny bejanced diss onbtnirebesiyr hadange balregeringewerpptsde is al so
a need for a 'F}I Btk %&iﬁg‘ o?"?éiﬁod?ﬁ’é nffeRel Abm tﬂ@rbtalaﬁéiﬁf ting 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,



WD 00/ 48181 PCT/ US99/ 15142 S An information handling system such as a disc
drive, includes a base, a disc stack rotatably attached to the base, and an
actuat or assenbly novably attached to the base. The disc stack assenbly

i ncludes a spindle hub rotatably coupled to the 5 disc drj The_ spindle
hub has an™"284818F rotati on about which the disc stack agééﬁgpggﬁétates.
The spindle hub includes a cylindrical portion. The disc stack assenbly

al so includes a clanp, a disc spacer,4and a disc coupled to spindle hub.
The di sc spacer has an opening. therein dinmensioned to receive the

cylindri cal pmtmwpfrﬁmgfbwaétqﬁmﬁmewaﬂi%@egﬁéﬁfef a flige pask hiRE i cal and
10 posi ti oned ,liamtonuRca sulblt aime a@piﬂaéagofdeﬁteﬁng With Repel 15 theShie lalssenbl y.
The asymmetrical disc spacer also Includes a registration surface. The

regi stration dfpfisedoes sotepsurabat Sigdise issenteredvith regpect Réhenaits pifeRANE The di sc
spacer has a GRAl SindtisciWARh Abd abRbst Edtidly HiRGdANE RherGRINR treldRE. THE oltBe

openi ng. The di sc spacer is used to counter the center of nmass offset of
the di sc sf acldiametesafa disc mrpyiat be peyfectbugonerairisgvitnibe imscdigneienof thedisgh| y 15
requires that RO il redHRS %o BF irlnlBfgi RRAGEIT thei QR riResHighprisidd)e axi s
of rotation ofﬁp‘gggﬁg‘gfr{g‘rfﬁéc%nt_ér o‘%lﬁﬂrrgss of the disc stack s'étsserrbly is
on the other g dligning dissebefateshefbsteningefithadisss tq the hiakpnd npglscts sepe of thef ace of
the asymetri ol deS positioned so the plane of the flat surface
intersects a gﬁéﬁgh‘ﬁgﬁfﬁ@ . yct he axial centerline of the disc stack
assenbly and a poi nt assBisiabeveanetliodspficensering aud fgstening disss torfpran aflisspagkssenbl y.
20 Advant ageo gg;%tﬁ{'ﬁ@}- | £6radRHeBbmTRPe DELILS nce a
di sc stacggm:&%hxﬁaggpgﬁglx ne éilos_c.hlélﬂn g‘adﬁfgﬁ{éon, tE% aé}.yn%&’rgfgr?]ggﬁzlygi sc
spacer can al setheusesekbad grapa| Miatieg arfdcescsugh exctke wickinediiaseravalls of disd ty of
di scs. The metgad ) Qﬁ%d%&ﬂa?gmnﬁnﬁﬂﬁ P@éﬁ%.”??b&&%?%ﬁﬁé&éeﬂ bdie
e netho

manuf act uring process. Tl al so generates mnimal particles since
t he di sc cl anpmd spinde cumiohy febatdNe.i 4474101 atsdesigmedrig shde whidrcabisctadhtd t he fl at -
side is fornme g(g.iggc i o i 3b1e Sifl8ePr OVi des a

sinpl e but ef %éécst&fr%gm%@l 0 afﬁwﬁﬁsgéﬁ %t(gigfég?ﬁgt%pe??%rgr_rg the disc spacer
of fset tol&ngage on the Anptliendisc paskiassemblymethagrfor usein adise duvetis taught in al i gn

t he spacer in jr " i : a i qal 4 di al so
i ges. mat e s faas 304 SakRtd Shmid WPt U bl 8 4BASRRARRY

00/ 48181 PCTJ wagdag diges Whirh@re@lternately diametwicgllycdiset abous wspifdleaxil of eotationve with a

mul tiple disc gqq : . | i

t ransgucer S toﬁgﬁg&f romsﬁlﬁé‘?drs]%ra acggpégm%lﬁ%utﬁgggéss gggﬂﬁ%é”%gggﬁﬂggtsﬁ de view
of a spindl e usredgesling yplas though hey Wergtheautes adges ofeenterad nampialidiahétery of di sc
spacers hch 4 el t.aC I - L i a
sBi ndl e \r,:/gg vm'({lsﬁg'g]r glls géd;'ﬁfés g‘tztglgléﬁg%g I sg%grr?gérzca% fda? lsaltlzﬁg%zli?glggv% @génﬁ%lr ns a

di sc stack asswh#linge mpments and redusepibe spplifudacd asdociated ivibzatighs Dispmpewmrs ring. 10
FIG 5is at [ . *m;' - i NG .6 & a cutawa

vi ew of the aggerr}r{rl%ote}r‘\tlteg%ltélgglaag%r ri néﬁsgfébﬁapﬁ?%ém l-e? fsnsoFth%ag?o 71s ay
perspect i ve vicomperfents tend tafiapedrabh etherito minimize pothmtth! vibsationshiThb pfoblems  a di sc

stack assemdl YindyR &luon & it £ S £eh nindet iR 8 Afsc RAEL OfM NG the

bal anci ng of the
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.



disc stack. FIG 9 is a schematic view of a conputer system DEescription
ferred Enbodinent In the followi ng detail ed description of the preferred
enbodi ments, 20 reference is nade to the acconpanying draw ngs which form a
part hereaf, andein which are shown by way of illustrati pppsR@sidh C

enbodi nents i n Ich the invention nmay be practiced. It Is to be understood
that other enbodinents nay be utiliz and structural changes may be nade
wi t hout departing fromthe scope of tthe present invention. The invention

described in Ws useful with all 25 mechani cal
configuration SC drives having either rotary or |inear actuation. In
addi tion, the inventi on Aminforsgionaridlihg systead, buch ypaedisodrivej iscudts b bass,

i ncl udi ng har i ri 4 L Q i ive ot her
types of dri vgsd %\%ﬁte‘fkgd&ééﬁliagiéhgd tgﬁﬁeevbt r%ﬁlgsddﬂngagr a&rr gs%nergﬁlg \é}%%g@gg%%gydpar ki ng

t he transduceto timpatee Thedisc sthtkeassefibly intluis aspindiegiivbdedtablyeonpléd onke t ype of

a disc driye 100 havi I Cl or.... i rive 00.includes a
housi ng orglbas £° ﬁ\f‘ Lrggsff?%dieg%ﬁé‘%s %I%g%%ﬁoéaugggh%uh@%gﬁﬁ d%:s‘(c)\sltg& %Tﬂl b*yor m a

di sc encl osur eotatB0t Tk afihgle vl mclodes atoylibdrealymstéon]l The disc stackeastemilyoalscshaft 118

is an WO 001,48181 PCTI.US99/ 15142 .act uat gr ass y120. The actuator
hssenbly 120 (HLREALI & e fotd A she PRl o SHREREY THE Bie e 8 of o o
123. At t ached ah opédnlvg therpiardahensianedsto té3ive thel dylindrizatpottsh, of alieespindiechubeans or

| oad springs kﬁ? Load beans or .Igao{li springs are also referred to as
suspensi ons. AR IS PRI % ach | oad spring 124 is a slider 126

whi ch car tb es pbsidoned goetduatet rbatanckl @ emask Séifseil e tisd ididerstabR Gaswénibity.t Tiee

t ransducer 150 form. t is ny. tines called the head. I.t should be noted
Lhat iy si + doranqp e sl Bt S sSfrafitp viiee | B apeitreRe Skt | 1 t he
figures. |t shoathe alia@elipeterelf €8 dish sgacérhiThe dis/spader Rd3 aicenterqpfadaksyoffsppl | cabl e

t is referred to as

to sliders havin m)r.ag thap oogghtransdu er.. such as a

an MR or ragndi°Br PeEal FeRIRIRRL ine 9peTAR. FResHise SPRSTRIS FogedP CPUErr e cglffer al | y
used for readionmash@ffesn df thedisheickiasse@bliye Tapitalty tabeicihgthe Wst stadkGisseblyt he end
of the actuataor ar semhly .120 osite the | oad_.spri.n 124 d the
sliders 125 i §eqém?f(r)q1§ eé’g;ﬁf’%f?@‘?s 02%5387?&}5W?stﬁfﬂ@cﬁ’é@gfrftfﬁmf% pair of
magnet s 130. Thbeardahe cepfer oragaseéftheldst, staak absérhisly Qinaiee atldrlsidd 3Bthakgs bhe key

assenbl y 120 FOBebER TIEGHHE oL e BB IAGHE St BookpeE e nt ed 1o
the base 112 iptanaofihi Mdl surfa®d itersedih @ phié BeHned BY Rl axia 6éntdiige of thedisd | ng
portion called the spindle hub 133, In.this particu %r disc drive, the

spi ndl e ot or Sfagk W‘?’ﬁ?l}ﬁa’ldr%p%8§s°?‘ﬁteﬁ”<‘§” mass ifseh ot the fisgpsserebly34 are
attached p@ the spindl e Advantdgedusly, heQbhRfhetdéad Bis€lipaded SantbeSibdlidb aBh&C Or a
different number of di Séﬁ} naéﬁggq%%t %gheg, to. the hub, The inventi.on

descri bed her &dicackghich hag o bpaddgiop; tagasymmpmcal sise spaeetiranalife o
plural i ; y of dksllgﬁ tasal)ﬁﬁig:ad@s%stgblsggﬁhhﬂsﬁﬁsplﬁﬂafﬂy diflaﬁes. arh]?inmida iﬁéég?(tjq FI G 20I
is a side viewo spi ndl e hu with a plurality of attached discs an
a plurality of*34i Eﬁ‘%g‘&&é?s&m dma/r‘fﬁ?ﬁ ﬂ?"o‘f‘?ﬁ"g“cﬂir’é‘é pé%’éisk ﬁ?sr@ 142500, The
di sc stack assgeindpites miflithabpaicldsRikethe Qisa cldin Gs 1t BABhiReduyig €18 balehickighes t he
di scs 134 ?nd t he ;gg\ggr 210, to the hub 133. The hub_133 includes a

mount i ng £ an@EPeoss A ahsids 15 fqriped fp-becq5gistyation gurface. oT sigfPEoKidesount i ng
flange 233. TheiRgé b&leffedlive waf3fallowins Re &5dl Bt gerfohfs hoUREiRch et 3. Once a
sel ect ed nunmber of discs_134 and spacers 210 arlgégl aced on _the spindle hub

133, the di sc “BBagRAN the syrfasqiand st the same tie aqmatically gignhe spacesdn the desteding di sc
spacers as Weldriemarid? Piie AghmeRichiNBscSipastdaBo RMBimiA3 mdtdHal Basiageanfitic ul ar

enbodi nent the disc clanp 220 is a screw type disc clanp. As Is shown in
FIG 2, the reduces the cost of the part.




30 disc spacers 210 include a flat surface 212. The flat surface 212 serves
as a tool registration surface, or a tool used to bal ance the disc stack
assenbly 200 during manufacture. The flat surface 212 al so nmakes the spacer
ring 210 physicall]y WD 001 48181 8 PCTI US99115142 asynmgidi '
appearance“*%@ﬁgﬂtmn in FIG 2, the spacer ring 210 can ggﬁggngyg di sc
stack assenblies 200 which include a plurality of discs 134. FIG 3 is a
side view of a spindle hub 133 with g single disc 134 and a single disc
spacer 210 attached to the hub 133. The disc stack assenbly 200 shown 5 in
FIG 3 illustrates that the spacer 210 can be used in a disc drive design
wi t h a singl e BatiefDestfiptionbfthel Deawin@s! | s pl aced onto the hub 133 and agai nst

t he nounting flange 23 P‘f. fﬂ?ﬁg’l{kﬁﬁ%ﬁ%’ﬁ"—r&% é%c%‘?%%rné&g;ﬁ%hﬁc Jolol itioned

over the disc 134 and aroond [ n-used to hold
the disc 134 and di=ad asprap esserdl§ férdoddiveg dmd linloading\erhrsdwerstto amipfpdny then axi al

force to the disc Sﬁgafcer ? Qdagd the hub 133. The use of the 10 assyntri cal
spacer 210 is very 8¢5 "R BET anci ng a disk stack that includes a single

di sk, suchs as the di sk FI@Ks s kidewiew of &dpiadichubtiB.a phraliy of ttechepdiedsi ve vi ew

of the disc spacer ring, 2 havi ng _a flat, surface 2. The disc spacer 210
i ncl udes an annul ara‘ﬂﬁg’ﬁ“‘%gﬁﬁﬁ%ﬁoﬁgﬁ “éhlfl} §7A6 fscf'ﬁaékgﬁer?;lh%ér mai n body 400
i ncl udes an inner di anmetRG. 3itQ sdadiesofaspiandledubmith @ sindleAttachbddidbandnnul ar
mai n body 400 al so has an axi’ﬂ1 cent er Iiﬂg 4200. The flat surface 212 is
formed from a portidHGPAEREMCR FormE3 disp Sereass %, 210. It is contenpl ated
that the flat surface 2F2Gosis aprdspaetvd dew of adiac §paedr riag t he out er di aneter
412 of thﬁ annul ar mai nl_?gd%/. 400. .Thef%(e)si ti on.o[ the flat surface 212 will
vary depehlent upon how Far’ §8IPGABY &8 BF PYMIRHT Y FP2°XBRBer of nass or .
center of gravity to shiFG. ¢is Doatdwag viewi o the@gmingdtridal specepfing diengding 6-620
spacer. The anount 0f t'gft w || depend upon the design of the disc drive
and the conponents ’Bé:&si I'n the disc stack assenbly 200. Now turning to
FIGS. 5 and 6, the offs@FiGbhEisvespedive viznt efa pindly kbl with aif ataetdaliscof nass
and the axial center .IiFe of .th«%c?(i SCE‘?’ acer 210 is shown. FIG 5 is a top
view of the asynmet VLo 3disestackassemblY. £ G 6 is a cutaway side view of
the 25 asysmetrical spad®G. ik ffow dartf diegnettivd of perforifig tHe bhlbkcingf thEhe cent er
of gravity or the g@nt er of mass of the disc spacer ring 210 is depicted by
ref erence nuner al ¥ S8 can be seen, the center of gravity or center of
mass 500 is shifted awayFiGrolaikttemaid dewoentanpdtérigstehi?0 of the di sc spacer
210, malting the disc spacer 210 asymetrical shifts the center of gravity
SO0 fromthe axial center line 420 in a direction away fromthe flat 30
surface 212. TDestziptiohef thie\Psefe Eayhardirhen¢ al so provides for a shifting of
the center of mass or center. of .gravi. 00. awa rom.the axial center |ine
of the disc spacer 210. ?ﬁ'ﬁ'hcsm@%“ﬂﬁ%l3?*@%6?@??5‘8%%&&}’88{%%3 egﬁ?fg@gm’bi as

di recti on20 or rdiérask anddee thescontanying drawings VB 8 pBtlhefeof, and in which

are shown by way of illustration specific embodiments in which the invention may be

EEIEd &

practiced. Itis 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



PCTI US99115142 the axial center line of the disc spacer 210. The direction
of the mass‘shift is away fromthe flat portion 212 of the disc spacer 210.
FIG 7 shows a perspective view of the spindle hub 133 with an attached

di sc 134 fQpRhmgs@ di sc stack assenbly 200. The disc 134pcwussstismay and 5
removed for clarity so that the nmounting flange 233, the hub 133, the disc
spacer 210 and the disc clanp 220 can, be clearly seen. The spindle assenbly
200 al so has an axial center line 720. Typically, the axial center line 720

corresponds tQchhs aaa%mfzor %@Jchﬁiar akerhtl€ 1500nBL& afvdl?hbll{fé str®tur®i22 he
entire disc stack assenbly 200. Also shown in FIG is a first bias

di recti on 700 havids apkiesdisnef agns 5231 0Atached tojthmseparate a‘l‘h%‘?—”l%be mbsl2di r ect i on
700 is associ gtfghdHehdis &JT@adWﬁ Rad wﬁs%?ibfaeeprﬁ{gs e@lkb referrddo by oM the
axial center line 420 on the disc spacer. In other words, the first bias
di rection 700 spspensipas. dAWquaéﬂleleﬂﬂ aghhlopthepring A 24is ac?i‘d?jrléﬂ’*b&ﬁhswehas been
shifted fog th ‘??a%hétﬁu%a%ﬁ@eh?el%elﬁlﬁr ﬁf’th@hﬁ%dﬁl!eff@dfoﬂﬁ‘ §§tQan§n)I he shi ft

of the cente gravity fromthe axial center |ine of Isc stack 200

that results fimssealladtheBeadnfshamldenoted ithat many shiders hmr@nmw@cmiéﬂ afrm t he

mhal ance of 1k qredz SBY P ERelts HIAAPALIL LR AL AR iRk Ags R, 0 The

i nbal ance of tappiseblptersliderskaving swondthemonsanaasdycer fwucloeswhat lsacfelgftdavmgn of t he
di sc stack as .Shi i .0 the
second bi as dﬁ\srﬁggllt %%‘thi%gngeglei&smuhpcwggé gggﬁlc?gnlsé?%&%?u‘ﬁgd %ﬁ%ﬁdﬁ% bi as

di recti onl1@10 andandtheris gknerabiy psrdder wiitimgf Dndhe dni abthelpetentariagmasz@bly Mot her way
of | ooking at ck assenbly 200 is
bei ng counter ehp%gﬁe h’% 1543%% %%ﬁgtmhéﬂ%éﬁggEsghevé’gégfcgﬂ3%%. In a disc drive
usi ng one di sc spacer, th@ached)‘edﬂand@hmt112beam@mnfmam¢tﬂ)330t Hbe painbfr of
mass shift in is 25
that the mass I?ar%étf]g%l(geaﬁ @?ﬁ?eohcreecrggé 8‘?&@??%}}1 I é(q‘té)gf fp%%é é(}glnrb&blsl i ne
access 420 i s vihadhragplies edortotodlrastuator bsserbly d 2@ tostotaie ibabogtihé actaatortshaft di sc
stack ass I 0 I [.SC [ jtioned
o count of: bal A5oaisg MR8 YHtak Buski £ s splfdR RUBE TRERHRe ARG B 1 10
flat surface 2dtingpdrosmetied the spiadle hitke 133, din thsisi pérticwar dise| dmcte shaspd@ld angent
of ‘the inner %m&‘i% Witn (B n #ls thgn "'r?ef of sk i3g art itk hec'i‘{o%e %End‘l‘eg

rel ati onshi ps are Torne I'ch can be useful in e anci ng process. Once
t he mass of f sémbdB3.t heothqmchd:l chrlvassemglleylidcsxdeﬁﬁ‘ﬂmitnauinbeaoﬁﬂmcnema)nhrl udi ng

t he center Iin 0--pf. di sc. ck_assenbl e _center of
gravi by of  haroree BT HR° T8 bl Rl Rt FASATD s Ay ches

PCTI U899126143v1ﬁsﬂx Habe 2 plyralihyeofdisscassydics dsc A Gesolat Havea siyghodisc. 210 to a
position where the cent ounte alanced
by the center of mass sﬁl:‘:lﬁilsasf(%vwgmfg glg(g(e:er fﬁemyglgrsallﬁ'&a& Pﬁ&ej fla
surface 212 i nlises $2¢andngpldabtypif dise spheérs ﬂijhy:htfdsrm adlscaétao(kemiemblyl 300e 720 of
t he disc stac S 200 .a W offset of
the 5 disc stzl;rbl?%%asgsg?e2 "%Bbggqi?c{)ﬁduﬁ&els Ssclfk ?(}Ol%hé‘fm gtg@ea ansasent to
the inner or dﬂﬁamdtﬂcmearelmoéthbhd) tﬁ3sd‘hspacr3t3 1nalm@sﬁirﬁmnﬁdgeﬂahgm33surface
wi |l essentiall r cul.ar .to the pl. th ter line
i s of cRe aiatlulRRe iRy bf ik d e Ru Gk 2 Thothint FREERES of foe
of the disc st;ﬂmkdmma‘qudle]ﬁibmmm&aase]febtedmmﬂﬂmrbfdm‘csl}ﬂemdmdaerdztmr maki ng

Lhe disc stack aa2SiBl be hh@oRu s, BEENTAM oot adl St B nRE ™! Y

discs and disc spaccrs 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



assenbling disc stacks initilly places the spacer 210, and then the disc
134 onto the spacer 210 on the hub 133, as depicted by reference nunbers
800 and 810, respectively. The disc spacer or spacers 210 are placed by

aut onmat ed chi in the orientation very closetoitsfl tation,
as depi ct e%&"ﬁggﬁﬁer ence nunber 820. The disc 200 is 1 S p USQMSEQ

aut omat ed nmachine on top of the spaceg 210. A biasing fixture, associated
wi th the autonmated machi ne, biases thé flat side of the disc spacer 210 in

a first d”eCtW@fﬁ;éﬁm‘JﬁH ﬁe%ﬂn%&é Sh6 HPﬁG”&' figa%?%ng}i‘@ca%‘b@%& G fixture

al so bi ases the c or |n t posi Irection eplcted by
ref erence nunbdascMﬂassémbhéséobmhmgzlﬂdentphumtpqﬁdlm 18he flat side of the

di sc spacer 210, the dis - S £.0 1. j
orientation. This bi ases% Cige}g%g%%g"g‘ﬁf 1@&1%?%5(313%3%@ ﬁ@%{ﬁgﬂ)%% is then
install ed, as alepdlcdisdspbger 2 wractreddo tlmrhbbit33851me dtkcbtabbmmhih%hbwn done

after cla |ng S 2 hub 133 Ss_depi cted by
ref erence ‘é‘%@ﬁhu%at\lf%ﬁ‘?agee%oﬁ%rg%%aﬂ ma Hhet 7S %‘avlejda?lg%mglbﬁggg can be
used to bal ancdasc2154aTHemc 184 dsqitacedorrér thie hsb mlmdmsdihsmouﬂtmgaldnﬁembn t he

asymretri cal r ca al so use. a £L st whi ch has
a plurality of © @i?s@gqggh@e eﬁ%aﬁeriiséa@f/‘ 1?1888 m"’l‘ﬁﬁcsﬁé agmg :E’Blfy and
eases the nanufacMmqumrmme:smcdmmlmmd13&4aﬂdmrsﬁacatﬂmmmhnmlas
particles since

t ..machin dur.J t | ancj process
PRa the r 1 at sreibeie Y ekt WearEEruT £fh mdbitled 35 R BRELBE, B
provi des 3@ a ssmﬂétﬂcabsﬁacam@mtuen}ammylndfalaaixhg)mﬂiﬁlgstmifkethitdmdluchhamngier f or ne
t he di sc space off t on .t spurface and at the sane tine
automatically éf §'h° gxc%bsgé%?l?ﬁg@% si'red orientation. The asymetrical -
di sc spacer al so nini m zEEG.nfeb e perspecthastievg of hhdisdispacd ting 210 hm'mgcasﬂat of t he
part. WO OOI%IF_’L é\}g%ﬁ%/ 15]24%6 111 FIG 91is a%g?? tlc Vi WFR
conput er syst et 2% S5 SRACEF 217 IElifezn Apuls mam {2 PYse in a
conput er syst emnil@fain bbdy 400 telikdey andyiet aiand:&CA0 myarﬁdm dhmaeﬁA 12edhéan
el ectronic system nf ion h ndI| t s a,central
processi ngtouni §oular ‘H@ﬂﬁ?‘i}"‘&ﬁ&mﬁ"éﬁw’&?&" g“’rﬁ%"s| Wﬁ'ftj?%% #52 amedg 5
syst em i ncl udefora a pextibi aﬂm@mmﬁﬂﬁgpmt 2101®¢Gélconaem1ﬂnetomtane:ﬂmurrmmr y
1032, and a syfltzem bL{S 59?0 f?lr W”@ exfg:%% @8' ing the cg %
processing uni e eendde form 2 M E (dod S’fp 0% Yat i on
handl i ng syst eThelfiddRion € the dassuefack 212 vdrllvm dd@andmupmmw{aﬂdéslgdezs wilhe ranp
descri bed above, e infarmation, hapdl i.n em 1002, ma cl ude an
out ) out pat bl FEEene e e St S T e e e Brspe 86e 075
1014, 101&@0 10sp3cer]1ThO amdiit ofGRIR witlydependaipbm eHealdsig® of the disdfdtile mid theit bus

1010. Peri pheral devices nc u e ha sc drives, magneto opti cal
drives, floppy®® mpgecﬂasr'fse%gnﬁxﬁiﬁﬁ% ?sc?és't}ggrds and ot her such peripherals.

dAny typedof bdl sc drive Wwﬂﬁﬁm%hﬁﬂ&iklid’eﬁhﬁ6hﬁé’bﬂrf]®tﬁd&ﬁeeﬁufefoaﬂ&dffgﬁﬁitﬁent

| SCUusse apove. 1S t undaer st 00 t t..the a escr 1.Qn 1's

i ntended to be°rf§ntF‘]qu?fsraﬁgﬁ‘\7éx’a)a‘ﬁﬂt°ﬁ]6‘fe qul‘tq‘ﬂcéi’?c\? 10!%1 hgqt’ Sdtbodi nent s
\C/i\nll be appar eﬁb view 6ﬁlﬁ6?syﬁ‘{11ncﬁ’i’dal {patel inf 1@ FIGIBQa elﬁ?fwmlcregnémdefmbove |
escriptiq The sco of the jpventijo refore e deterniine
e o o B st e L ane e hng B et K., "Fiecentat 4f sEish e Y

equi val ent's t ocenfet 6ffimdssiethhedit spice iy Z&Oiddebx@l@dbyreY@m@@ﬁtﬂMSO@ZAs can

PCT/ US99/ 15142 A di st ack asse di sc driyve ai d disc
Stack assenbl yb4BrHEATT ChPRVIRECoRecer are 300 s e ivey Somabacnl Gaip | y

conpri sing: spiifeda® dTuke disd sphédb Y0, GRikiigane m@c épacer A 6 Gsydhivheteal SHiftmeVi di ng
an axi s about 5 whi gh t he O%If? tack asse I rotates, said_hub including a
subst antial |y quﬁ gAY 5 om e 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



portion; a clanp; an asymetrical disc spacer having an opening therein

di mensi oned 'to receive the cylindrical portion of the spindle hub; and 10 a
di sc coupled to a hub, said disc spacer positioned to counter bal ance a
mass of f se{ygigduadi@e di sc stack assenbly. 2. The disc stackcessemisiag for use
in a disc drive of claim1l1, said asymetrical disc spacer including a
registration surface. 3. The disc stagk assenbly for use in a disc drive of
claiml1, said asymretrical 15 disc spacer including a flat surface on the

outer peri et ghe Lfal {ARr MeTT 1IRRAE Sacer210. TR ditesiion St M6 knasSENTRAWay fm USE i N a
disc drive of claim3 wherein the disc stack has an axi al centerl ine, said

flat surface dhe fg;poriey fhaefinedisc ppese2ihacer positioned so the flat surface

intersects a plane defingéd. byshbwe a%&?kctﬁ@'ﬂ&f bf e sphdlehfibdiz3cwigt ack
assenbly and a point_ associated wt he mass offset of the disc assenbly.

20 5. The di sc@ttashgg dised3sfmmmingraghsc sk jassembly; 200- dibe disc 44 i catawes ather ei n
the di sc s§ackehagd 2 Bainpdo tﬁﬁ@ﬁe%&unﬁﬁg ﬂ&?ge%ﬁ |tRd hibU3B A6 diSf sphéke 210

asymmetrical disc spacer 805| tioned so th lat surface is substantially
per pendi cul ar apd)ﬂladmeln@p &% Gap bejclpaylyispra. aﬂamm%%ﬁmhly?@adﬁphm@wabc st ack
assenbl y and a.Rpoijpk 756 Sﬂ’ﬁicﬂl‘iﬁ%e‘%u%ﬂeﬁ@ﬂd@@@ c%ésﬁ@ﬁds@cfth@ Qﬁs ot éﬁtlﬁsenbl y.

25 6. The disc stack assenply f use in a disc drive of claim1l erein
t he asymet ri cathegpiggledpandds:; Oi%ftbflﬁ'lﬁqubﬁeﬂ@ckessé@bmzép bal ance a mass of f set

of the disc. uV0 001 484R] sHRAHErFIESPR/ aldAkas direddin oShd 3 s&okd @l§§e”b| y

for use in a disc drive of clalml wherein the asymmetrical disc spacer
i ncl udes A0 magiregtiomsidP, Thea fiest higy divetion 789 lsdiaiﬁemétﬁé&’éh throgpyamsaeef theo count er

bal ance a Mas ekt ghavf s00 Fontlhe GuialBentd Ik 380 S b fist Bbing wbige Stack

assenbly for use in"the disc drive, said disc stack asse rot at ed
wi thin the di §b,e%rstibwédlrpmnélp%@tmcmknmmhthmrpfgrﬁgty 580 bgsibsett e hub

rotatably coupy dfoﬁtr{g, g;?aﬁﬁﬂ@"ﬁ%sc h%léﬁlrflﬁ‘x'oﬁ?ﬂ?’ Eﬂ'ﬁ ﬂﬂe&&@#t an
axis, said spin Including a su tant|a cy |ca portion; a
clanp; a di sc dauplierdirers tee pxit, cenigr dineliof shesdise Rtad@%%ﬁ:ayrqsalm ﬁgnathftent er of
mss. of 535 LAmbiiaiBel Rl WinP R Yartdilof Bork e AR RALL 2DYD THOLALRPHipP ! d dli SC

spacer positioned to counter e Mass o I'sc stack
assenbl y; and direction 71®eanalsahe d‘mlghgoﬁah&ec;@halmce of therdises 184.fthedubd 83, di sc

stack assembl y. @isc &Qrﬂg?h(? Cib i ﬁn&fof?ﬁe%gﬂr% a\é“a&%bfé Sas tﬁ%?@&r ber

countering the center Mmass o FSet 0 i'sc stac asse I's a disc
spacer havi ng gavity € therdjsct stask @bsembliyrdfifisth shiédfrars its exinbersiey éne 29 myhe ndri cal

portion of thesc&ﬂhﬂ%ﬁu&'d@n7ﬁf‘" d openi ng having an axial centerline, said
di sc spacer having a center of mass offset fromthe axial centerline of the

opening. 20. The disc draveandfe stmim¥IG. ihthe staond bizs daettion 760 indisstiof t he
spacer 1s Opp%b&s%s the first bias direction 700. Anocther 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.



the center of mass of the disc stack assenbly. 20 11. The disc drive of
claim9 wherein the center of mass of the spacer is on one side of the axis
of rotation of the hub and the center of mass of the disc stack assenbly is
on the other side of the axis of rotation of the hub. 12, C1TP§'99H§1§ drive of
claim9 wh¥P&%he di sc spacer includes a registration surface 13. The
disc drive of claim 12 wherein the rg(gl stration surface includes a flat
portion. WO 00148181 14 PCT/ US99/ 15142 14. The disc drive of claim 12
wherein the r rad er so
that the cent gérH g’%ﬂ%adéégg%a?%&?&&fdl%ﬁgégﬁa@g? Qggéﬁt%({ncel&aegt@et nie?ggﬁ?sgr of mass
of f set of t heoflihe disstssahblnissewtiérybalahéed b?hm a@thteroftinasy ehififin the disesicdrur t her
conprising a f 6 i r Ia|m15
further corrprlg‘ﬂél rggugg%lﬂ%rﬂafgu?& %ﬁf&?érszcgm?glt%q) I%I?g@:%'g%? ﬂ%a;él\égce% ]ill ng a disc
stack having d2@pf theldlisc $tack asseniblyt200@ad 8 painkassticiiedarith thamasssyisestof theal spacer
g p
ring havi a i i placing
the at | edst  SIFESHESsai 200 Aroil oY eE o 3P € LBt B TR boouhlt P\ 2€7
| east one di sdiaotet bithdrdikg spaminpglsm ﬂgﬁahsufmmwmsmeglyshemtpemmwanrface of
e SC. SPACE! itk ashh o1 0% SRR gl oFGEU i HASK AL oAl il e
machi ne regi s raﬂ’on sur M padEr i t wei ght
i nbal ance of hhﬁxdagslyermassnffmo&padmstaakngsmbw The net hod of claim18
wherein the machi ne regigstrati urf S r 15, I ng s ifts the
wei ght 1 nbal ance of theﬁs(?')agggerﬁ)orvf%‘g éf’élh m@@” 89‘51" ta%e Wei ght
i nbal ancellof 2o@ aiidjbalandngtéfahatdxsbmk asnembtyl 210. Infoferativy, Amadlise Afrl . A. AHFE
.A31'2 . A5l . A AH @A K .2 0?2A
st} o [ V] ca] o A SRy bus<eR ATAT plapes.vi BT 21 A b b it 434 99 B5) cag ca ca

] ca] ca] ca] ca] emedltad ma]x@apaahlﬁqm@mlreference numbers 800 and 810, respectively.

B e

121 @ L! N ]! ktloabbheanad &w&a&&&d&}iepmhbwwﬁaréh\@ hmahﬂrcsa]) cdhedkcadisa) caV] ca]

cal cal cal fal gl cal abaaih fabiaviab sAhe 8he2 A6 h ks salealsalia) oal oal ca
/ b/ 0! 1h123394M@4h&m@mqb<gaiakﬂdm;a:]asai,ﬂhealaca}lcaf the| dis] spadec 2 € adfsta] ca) cal c
al c a] cajcajc ahﬁ&%& as]dcepxl:tg Y re eren € n %al §3%] cl‘gl gl g%%ﬁlg%iédégﬁn%%?ngSGG? 1zt

777

<0’ J<6<<:9>>>|s‘rf)¢:'l’i’s>dfs@@ the oppdsite Hikdctian, @sliepdtablycafetenke ajmiser 84).cAd tha] ca] ca] ca
ca] ca] ca] ca

U onn] on] on] o B Byre Rishe e ot e o Begiesspresy 210 P sineamnech GOSN £ Frrrruc

GH HHI 20 to the opumal orientation. This biases the spacer 210 and disc 134. The clamp 220 is

JNJJJZKKKLL eB érlls aAl]\e(é,]aa}s égl%uétg% ﬁ\é@t}{lnce LeraQS8 'a balla(.:na; gheLl(c: ?s] cf:o%l Cégrc aJ ca] ca]

calcalca]ca]c

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  adisc 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  asimple 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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skill in the art upon reviewing the above description. The scope of the invention

should, therefore, be determined with reference to the appended claims, along with the

full scope of equivalents to which such claims are entitled.
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5 which the disc stack assembly rotates, said hub including a substantially cylindrical
portion;
a clamp;
an asymmetrical disc spacer having an opening therein dimensioned to receive
the cylindrical portion of the spindle hub; and
10 a disc coupled to a hub, said disc spacer positioned to counter balance 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 stack assembly for use in a disc drive of claim 1, said asymmetrical

15  disc spacer including a flat surface on the outer perimeter of the disc spacer.

4, The disc stack assembly for use in a disc drive of claim 3 wherein the disc
stack has an axial centerline, said flat surface of the asymmetrical disc spacer positioned
so the flat surface intersects a plane defined by the axial centerline of the disc stack

assembly and a point associated with the mass offset of the disc assembly.

20 5. The disc stack assembly for use in a disc drive of claim 3 wherein the disc
stack has an axial centerline, said flat surface of the asymmetrical disc spacer positioned
so the flat surface is substantially perpendicular to a plane defined by the axial
centerline of the disc stack assembly and a point associated with the mass offset of the

disc assembly.

25 6. The disc stack assembly for use in a disc drive of claim 1 wherein the

asymmetrical disc spacer is positioned to counter balance a mass offset of the disc.
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9. The disc drive of claim 8 wherein said means for countering the center of mass
offset of the disc stack assembly is a disc spacer having an opening therein dimensioned
15  to receive the cylindrical portion of the spindle hub, said opening having an axial
centerline, said disc spacer having a center of mass offset from the axial centerline of

the opening.

10. The disc drive of claim 9 wherein the center of mass of the spacer is opposite

the center of mass of the disc stack assembly.

20 11. The disc drive of claim 9 wherein the center of mass of the spacer is on one
side of the axis of rotation of the hub and the center of mass of the disc stack assembly

is on the other side of the axis of rotation of the hub.

12. The disc drive of claim 9 wherein the disc spacer includes a registration
surface.
25 13. The disc drive of claim 12 wherein the registration surface includes a flat

portion.
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pushing the machine registration surface of the disc spacer ring.

18. The method of claim 17 wherein pushing the machine registration surface of

the disc spacer ring shifts the weight imbalance of the assymetrical spacer rings.

19. The method of claim 18 wherein the machine registration surface of the spacer
L5 ring shifts the weight imbalance of the spacer rings so that it counteracts the weight

imbalance of the hub and the at least one disc.



