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(57) Abstract

An information handling system,
such as a disc drive (100), including
a base (112), a disc stack rotatably
attached to the base, and an actuator
assembly movably attached to the base.
The disc stack assembly (200) includes
a spindle hub (133) rotatably coupled to
the disc drive. The disc stack assembly
also includes a clamp, a disc spacer
(210), and a disc coupled to a spindle
hub. The disc spacer is asymmetrical
and positioned to counter balance a mass
offset in the disc stack assembly. The
asymmetrical disc spacer also includes a
registration surface (212).
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[err] '8 AUG 2003 WD 00/48181 PCT/ US99/ 15142 COUNTER BALAN&LS I:AH& 2003
SPACER FOR HARD DI SC DRI VES Field of the Invention The present invention
relates to the field of nass storage devices. Mre particularly, this
invention relates to balancing a disc pack assenbly about a disc 5 spindle
axis of rotation. Background of the Invention One of the key conponents of
any conputer systemis a place to store data. Conputer systens have many
di fferent places where data can be stored. One comon place for storing
massi ve anounts of data in a conputer systemis on a disc 10 drive. The
nost basic parts of a disc drive are a disc that is rotated, an actuator
that noves a transducer to various |ocations over the disc, and electrical
circuitry that is used to wite and read data to and fromthe disc. The
disc drive also includes circuitry for encoding data so that it can be
successfully retrieved and witten to the disc surface. A m croprocessor
controls nost of the operations of the disc drive as well as passing 15 the
data back to the requesting conputer and taking data froma requesting
conputer for storing to the disc. Information representative of data is
stored on the surface of the nenory disc. D sc drive systens read and
wite information stored on tracks on nenory discs. Transducers, in the
formof read/wite heads attached to the sliders, 20 | ocated on both sides
of the menory disc, read and wite information on the menory discs when
the transducers are accurately positioned over one of the designated tracks
on the surface of the nmenory disc. The transducer is also said to be noved
to a target track. As the nmenory disc spins and the read/wite head is
accurately positioned above a target track, the read/wite head can store
data onto a track by witing information
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25 representative of data onto the nmenory disc. Simlarly, readh&ﬂ%%@3
a nenory disc is acconplished by positioning the read/ wite head above a
target Waek4sasd reading the stored material on the menmpdrOidfhs1430 Wite
on or read fromdifferent tracks, the read/wite head is noved radially

across the traclGOUNTER BACANCE BISIE SPAWCER FOR 81 A0 DISCSpRivEded or
grouped together on the tracks. In sone disc drives, the tracks are a 30

multiplicity of concentric circular tracks. In other disc drives, a ‘
conti nuous FRdlAaK theSIHRRtion ' aCk on one side of a disc drive. Servo feedback
information is used to accurately AUG 2003 WO 00/ 48181 PCT/ US99/ 15142 2

| ocate the transducer. Thaeressnuiventicms ssdarid 1o the fiebd/ efimiass sibeage QRavice£d

at | rersTU A onticm et y s gt avicked
Phe servo i HAF paicHEY BESHERE Nalst'o Bapecifrgimb ocsmmonl srovha dre. |~

sl i der . 5Thesghddexis f rataticrirtel | ceram ¢ bl ock which is passed over the disc
in a transducing relationship with the 5 disc. The small ceram c bl ock,
also referred to as a slider, is usually aerodynam cally designed so that

it flies ovmm%éﬁ&&nﬁhﬁders have an air- bearing surface ("ABS")
which includes rails and a cavity between the rails. Wen the disc rotates,

air is dragged betweefnehkéthediey sompehentserfdhyscontputdragstern 4Eplace BIsRFSUT €,
whi ch force at%h% heaq aVYa%1 fromthe &isc. At the sanme tine, the air
rushing past2the& GUIESIPIENS gV many AHferentplaces where Gatafan bsted eOne
negative presfioft pidcedor sidttnginaadive\@ndineSeab iRl c%h’xg{liepg%st WA @gé s the
pressure produced at the rails. The slider is also attached to a [oad
Spri nglﬁlni cﬁ“b‘?-o@h%é?siabqst?rwscﬂf atdige drivegase a dise dhat éxcrotatedk adl attatorlthac
surface. Thggoy¥ayi e0ui | t the slider .flies .over the
surface of lt"?lr(l)e}!%llia g%“i‘%ufcgrt%;{?{liggﬂog?% I°$/' eﬁgﬁeéjﬁst%’. g"fjhegccft’l"iﬂlﬁgfs‘é'ﬂ? té"é % he

t hi ckness oseitewaite aridurbad datat focmd fiiohmberdisch @helilist aneealidinkRrideesfuihe di sc

surface and.the transduci .head. This filmelimnates the friction and
resul ting WSk GAHE %O&E%dﬁw%ﬁﬁuqmgf&ll&yarﬁg\gmqqgvmggga toHg dircsrfager e in
mechani cal Aasiutabodlitilchrdls Sost of e bBfratib AT Efveslitys gl | der
passes_through a layer of [lubricant rather than flying over tHe ot f ace of
the di 2. ViEMatakackite thejrequspiingieampyiten and taking dats fromurtelyessipg nompurent

relatively 2@ tin@ho iVl Uti ons per minute ("RPM). These days conmon
rot ati onal spegglsga?e 702%0 RPM Rot ati onal speeds in high performance disc

drives are as high as IforfdGdioRRkpresentative 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,

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




Hi gher rotational speeds are contenplated for the future. Thes&gi Au@
rotational speeds allows-for shorter access tines. In other words/ me
di sc spiYO 404818 +the performance of the disc drive is improssdssiznce the
time necessary to access a particular piece of 25 information on the drive
I s shortened. Shorter access tinmes ape a constant goal of designers and
manuf acturers of disc drives. H gher rotational speeds al so nake the disc
drive nore domtahé irisduden Theiabfuator 2ResibR it MoVBPR) BE 'e8%§§iﬁ§9ﬁﬂeﬁ§' As a
result, part of the sgerrbly process typically includes e bal'ancing of
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the di sc naReRg Whichipspduses & £ore¢ on ttke sliden siinectied gowenakthdi diké surfice. 1The ot her
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15 track densities of 10,000 tracks
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contact during disc rotation. In some disc drives, the slider passes through a layer of

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.




contenplated for the future. In other words, disc drive perfmmmgzg03
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Mat i ng surfaces, such as the machined inner walls I sc
contemplated for the future. In other words, disc drive performance is boosted by

packing the tracks more closely together. The more tracks a disc has, the more
information representing data that can be stored. Furthermore, if the vibrational mode

20 hasa frequency which is higher than the frequency at which servo sectors are read, 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,




central openings and the centering elenment in U S. Pat. No. 4 BA%@QB
the steel ball and spindle cup in U S. Pat. No. 4,224,648 are desi ghe 0

sl i de vm’ﬂ@“é%j ected to pressures until mating occurs. YATASEVIStH2ng

produces undesirable particles. 15 Another disc pack assenbly nethod for

use in a disc drive is taught in U & Pat. No. 4,683,505 issued to Schm dt

et al. In US Pat. No. 4,683,505 the disc pack has discs which are
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t he di sc st.acg. n. 25 S%gition the solution does not work in él sc stacks
havi ng one HALENIRE fises before thedfasigning ofibe disics to the huband aeglbets someofithe h t he
only disc. ascalbestdtemBhii@ke sol utions require long cycle times which are
not favorablé to manufacturing. Thus, there is a need for a nethod and
apparatus for bal anci rihetdbeveimsthodpaixientoring agi fasteningidisés g fermi disepadiner e i s

| f thad that .i t 30 nbl d e t
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I nvention An infornation handling system such as a dis rive, 1n

base, a dice¥ralppamngsangdithe centeringaldreent indJ SnBathNeed, 35580 handdint steed ball
assenbl y mayablikdrt ] tpQe t 1 l.sc_ stack assenbly includes a
spi ndl e hub ?gﬂflg?%b%l?qgﬁbsl'e t'trg&tlﬁéelﬁsamgiJs}gdggr’%\?/eg.toﬁlgeswé}lﬁéf’{é’gﬁﬁcgg%as an
axi s of rotpzsues enstunatig edvurs eltds sliding produas saddimblepitaias. The spindl e
hub i ngl udes a cylindrjc pertion. The di sc ack assenbly also includes
a cl a%f?, a di sc spacer, °3fh*‘a‘§5°d?a§@a§§8‘a ‘Eif bP??dPé‘q%Wcﬁm’TFféa‘!ﬁhéB{ spacer
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t he spindle hub. . ) X )
pack has discs which are alternately diametrically offset about a spindle axis of rotation.

The discs are positioned as a function of their outer edges such that alternate opposite
outer edges line up as though they were the outer edges of centered nominal diameter

20 discs. This results in an increase in 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. |




The di sc spacer is asymretrical and 10 positioned to counter ‘bBIv«MGZQQass

offset in the disc stack assenbly. The asymmetrical disc spacer also

i ncl udeVQO¥#EY85trati on surface. The registration surfacePCTESHWSI4%e out er
perimeter of the disc spacer. The disc spacer has a center of nass offset
fromthe axial centerline of the opening. The disc spacer is used to
counter the center of nmass offset of the disc stack assenbly. Typically,
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t he di scs. ofmass offset of the disc stack assembly Typically, balancing the disc stack assembly

15 requires that 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. The flat surface of the asymmetrical disc spacer is positioned so the
plane of 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 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.




FIG 2 is a side view of a spindle hub with a plurality of alngaﬂ&ggﬂggs
and a plurality of disc spacers which forma.disc stack assendly. Fl S

a side W@W/E§I8L spindle hub with a single attached di sc RPOTWUSY/E18Z spacer
which forns a disc stack assenbly. FIG 4 is a perspective view of a disc
spacer ring. FIG 5is atop viewaof the asymetrical spacer ring. FIG 6
Is a cutaway view of the asymretrical spacer ring along line 6-6 in FIG
5. FIG 7 is a perspective view of a spindle hub with an attached disc

whi ch forms,a gdisc stack senbly. FIG 8 is a flow chart of the nethod of
per form ng ot sc stack. FIG 9 is a schematic view of
a conputer system DesErG @R eRilodddill of Sl drFuAG MBIl el S LR! | Ovi N

detail ed description of the preferred enbodi nents, referen made to
t he acconpanyi ng ddasampsassgmiy fordpadieg mad wnlbetiepfransdncers fo uwhd &6m Bee shown
by way of illust rsqlgag& iiifsitsc enbodi nments in which the invention may be
practiced. It is to be understood that other enbodinments may be utilized

and stréctural  changeRIGrays dedewiew ofth kpifdle ik Rithtal phrafifyUPakagheate of the
appli'cation 1 s useful

present invention. 'I;gg iagllventl on described in this

with all 25 mecHRdiaRdrr Bh?idgﬁfrsﬁﬁ‘?e%‘ghléhf%f?“s%-dlé‘?ﬁ‘@é‘émambbg either rotary
or linear actuation. IpG.aqdehLd0%ient ' HOW: 41 seful.in all
types of disc drives incl udi.ngl halred [ sggmégér]{n\i/bg‘gl,th%isglg?r?t\&/ﬁézg,eélfhs‘é%@ di sc
drives and any otadisc sppperswhith foming edlisafstack asseibhdi ng t he transducer from a

surface and parking t ransducer .may. be desirable. FIG | is an expl oded
vi ew of one type of anﬁlds'é'ﬁﬂ)?f%pcfﬁbeﬁﬁ i @ dUSCSBACET §ingct uat or. The di sc

drive 30 100 incl udes FIG16USi Y viw BEME adyimmeRREl PabQ\fip. 114. The base 112
and cover 114 form a disc _enclosure. Rotatably a tacheg to the base 112 on
an actuator shaft 118 FIS-§isacupwayigep thessymoictgabspasTTingsbowg15e 625 7
actuat or assenbl y, £78. 5. The actuator assenbly 120 includes a conb-like
structure 122

FIG. 7 is a perspective view of a spindle hub with an attached disc

which forms a disc stack assembly.
15 FIG. 8 is a flow chart of the method of performing the balancing of the

disc stack.

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




having a plurality of arns 123. Attached to the separate ar'nsBl—MGnZUﬂa
- conb 12%1100 I }oad beans or | oad springs 124. Load beans or |oad springs
are alsg Terarred to as suspensions. Attached at the endP6T/Us&¥Hi4#0ad
spring 124 is a slider 126 which carries 5 a nmagnetic transducer 150. The
slider 126 with the transducer 150 formwhat is nany tines called the
head. It should be noted that nmany sliders have one transducer 150 and
that is whafCthaorassambly h2Q hihefacator sssemnblysl?Olihcludéssocdmmb-tike eGudthat) 2b hi S

i nvention i . | e | i,de havi ng nore_t han one

It r\a/msd:Jcer I ﬁgﬁ@%@?lﬁ%{i? P%’I?g?llg? ér'&gﬁ‘i?‘laqoa@’%éﬁpa\%ﬁg“ws r"gt};r‘?&ttbe ¢mh £23,ve head

i N whi ch oneretlomiteaus erloddbrings U&mdﬁo’ahIbymwmoﬁ@gpﬁ,%%@glsgpefgrpﬁ)@qga ggr i's
asse y

general ly ugsed for wjting. On the end of the actuator arm

opposite t h%“??ﬂiﬁ’%p‘?‘hfé@g $5he %ﬂi};"ft%h load gpring 12¢%bisasslider b2 @ whichichrrik2 8.
Attached W 4 Riapndtid@ralRsdacer138 The Sidea e I r. of magnets
130, and the \?%rilce coil 128 are tﬁ%ﬂ(%y\%%ﬁﬁ%%ﬁ%%{?%c]eggsg-}:@r&@ AIXMANY o or
whi ch appl i B@egcalled e headl. disbouldibeaoted iz smnp kldet@Raviemne efantducér150kaat t he
actuat or shafi: A . nt e 0 ase 2 1.5 a spindle notor. The
spi ndl e rmt%%ttlls %@?ﬁ%g}? @Iﬁﬁ‘g{%{eﬁgﬂﬁhﬂl?&gﬁ Bﬁf"?‘@é ah tuginvegiion inegyalig3. | n
this parti cafplicablé ®©Gliders isving h6reIRAn HeQranSiica, shch Wikt ? }e?%&éaqp as b FI G

1, a nunbeng{f discs 134 are attached to the spindle hub . I'n ot her

di sc drives"va Limagngio fsishivehead ywhich pae transdwise 1 5@ is genenaly wsed foereaditig ached

t o thelbub. aniBotherie B 'Q@ﬁp ehsialL d |y applicabl di sc
drives 20 z\iAnhi c.ﬂ halvg dzfﬁgllyglrgif{o%‘ y o Edpgé@z %’? o\?gl%a;cé%m%"io%? v Ef(hat have
a singl e dieposiy the loadispringsdi2d@nd thevslideérsd 26 s mdbiee o 1283 with a plurality

of attached discs 134, an ural it f disc.spacers 210 which forma
di sc stack assembly ZO%t?acg‘?‘ﬁveVP S e??%?cﬁ”a’é?é?‘?ﬂﬂ magness 430.i hbe pairef a di sc
cl amp 220 whégtetsali03aht thelofeosiCR2s d4nGRE) LRpORARS e Bil' Mol UP 133

o
The hub 133 j.ncl uﬂ,es mounting flange 233. 25 1niti aﬁS?/ t%e spacer 210 is
pl aced on tHHc $ éPree t9threachuntor aspramlely f12@ to ratate ét 4b@at the acame elthfiont o t he

spi ndl ¢5 hu 3 . of  di 34 .and spacers.,210 are
ploaced on '?1 hlg gfﬁ?gﬁﬁggﬁﬁ ﬁgqg?géln%egq‘nggf?%%?dn@S "bﬁgrclgdaﬂes&(i al

| oad ont o tMRtatingipogionznatiedithe spimdlederbsl 38s Inehik pasiciiar alidoadrive! thetspmdfdi ndl e
hub 133. | ' 1 lLcul ar iment the. .disg cla 220 is a screw type
di sc cl arrpr}nz,)&?} ?Ss‘p@h}c’)\k/\lﬁ%uﬁ' II—’PEH?;H AMmoehotfises 13¢are pltached to theispipdlen 1| at

surface 21%hubTiS8. flnaithe Wiscatie? il YRS 0RS AERAI nunfih Tr'ddch Wy face,
or a tool use 0 ‘%akl n.c the di sc stack assenbly 200 during nanutacture.
The flat sd‘?‘f“gfé oths g‘i’ sﬁ‘er%aﬁé%m’c‘ Hescabedherein isgguatiy applicablead Hisc 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
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shown in FIG 2, the spacer ring 210 can be used in disc stack assenblies
200 whi P 9¥B181de a plurality of discs 134. FIG 3 is a sPEI/UDUFIEE a
spindle hub 133 with a single disc 134 and a single disc spacer 210
attached to the hub 133. The disc st&k assenbly 200 shown 5 in FIG 3
illustrates that the spacer 210 can be used in a disc drive design with a
si ngl e di scasygumetri¢ad igppreat@we; Asghavadn FiGo2,tthespacer g2 Ehchndgasedsh t he

nount i ng fl(?gcgﬁ%&%%sex% i‘{s%oh cﬁ%ni%h_l e%e@ tﬁ% § §$§3§10 I s positioned over

the disc 13 aroun He "hu hen used to hold the

di sc 134 and di sc spacFIG.3l% atsidéh’ﬁvd’tbf&.spﬂﬁilemﬂii3ﬁ&ith@sﬂ@ﬁé&is@ﬂ4%aa|
force to the .dis ,spacergi 0 and the hub 133. The use of the 10

assynet ri cat SBgaLisF spacsr 240 pRachedde fhp hubrl 33a Theclisegtask apsembly 2Wchowat
includes a siplg! Pildirsiks thatd sﬁ&e?@%%fﬂ‘exﬁ%@%&i@@&ﬁvé @?sré}%th?‘a siF%lg;L 41s

a perspective view of the disc spacer ring aving a surrace 212.
The di sc spdisel342 Theidiss| 13dds placedonta itherhubei3d and dgaird theanourming iflangé33 The

annul ar nai 0-hncl.udes an.j.nner.di apeter, 410 d an outer djameter
412. The 15&5%)%%a¢9rrafihﬁﬁ c?as;?’a%%lgl‘é%mﬁﬁ’é‘e ﬂ"“éﬂi‘ea‘i‘sccg%‘t"’é’g aF‘?"HéﬁEé'B{? The
flat surface32Wclunp200i®then us@icehdl@khd At PI4 ddQidd Paddr210%o e Guis RECET
210. It is contenplated that the flat surface 212 can extend to forma

flat on theVellisele apphnan axialforcedp thedise ppager? 1 Oamditheybely 13% 0The upef thesi t i on
of theyfl at hhl: el M . igner.s ,wl |
want t#}g ceﬁ?%}éétggﬂﬁéé%r\g}bé%n%%sg@?gr av%}{cilﬁétog&gﬁlgégfﬁ ﬁa(t)%%?‘*]dgs aagl'? gF center
li ne of t hedisk, sechod thpdiskrstacKisbownonifIGoB. shift wil|l depend upon the design

of the disc drive and conmponent.s used i he disc.stack assenply 200.
Now turning to FIGs. Sf:lgﬁd“é,a TPGHYS VEWIRS, é‘ﬁc fﬂ?ﬁerc@?ﬂglro “’éra;%tty or

center of resfacedd. e didkispAcef 210 Bicludes'h RhulaPaf biﬁyal)?%?d 2 lﬂ%&bzi. ghehown.

FIG 5is a top viewof the asymetrical spacer ring 2 61Is a

cutaway si cEnylemaisbadyd09includasmatipnes diamaxddp and mgolgqmiémetngutzhahei ne 66
Ol g o158 AEaERoa9s08hRY LY aR kbl enycf B B0, e TP Syl 1P Hrka SO0

ring 210 i epicte reference nunera As ‘can “be SEen, € center
of gravity foomeentten offthels40560the spader 21 @dit ds\eontdémpsiated lieat she fidt siofaoé er

Lpe 420 0F215M8n Sidfa RPRER" it S AESuE uibaeter 475 of S Stutdr main body 800, ' °2
The position of the flat surface 212 will vary dependent upon how far designers will
want the center of mass or center of gravity to shift from the axial center line of the disc

20  spacer. The amount of shift will depend upon the design of the disc drive and the
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




center of gravity 500 fromthe axial center line 420 in a di r‘e&tAbjGazma
fromthe flat 30 surface 212. Thus, the physical asynmetry al so provides
for a sWO48tBlof the center of nmass or center of gravitPCHUSIARE from
the axial center line of the disc spacer 210. This could be terned as
produci ng a mass bias direction, or Biasing the mass away from 8 AUG 2003.
WO 00/ 48181 PCTI US99/ 15142 9 the axial center line of the disc spacer 210.
The di r ect i thaaxifl dehter tins of thhidist spaerdidy The directionaf tHe miss Bidftid Avaydrom of the

di sc spacer2]10. Fl.G shqws..a pers tive view of the spindle hub 133
with an attpﬁbﬁt&f’rﬂ?gﬂi?ﬁa}e&?ﬁ%’Q‘:e&%gﬁsc stack assenbly 200. The disc 134

is cutaway and 5 renopRS f Ghowk @ pdripesfvd bféwv b theNByiit1E %belF%Hﬁ 403, the
y

hub 133, the disc spacer 210 and the disc clanp 220 can be clear seen.
The spi ndl eatiaskashdisy 136 domming atdise siackaassanbly 200t drhel disrel 3428 cutiypy emd | y, t he

axi al cent L I . | tatd an ..of the i ndl e
b 1350 or B EFSFE Y b SRR Mol ol pSs e WP W ilemact 2R "7
a first bi amddhe dist ¢lamp220 camble cleaycseanl Dhespindldassérhbley200 8lsg A4.an hiial f i r st
bias direction 700_j ssoﬂga ed w’,th t he npvenent of the center  of
gravity SOCFCP%IM“E e axYRf2 e éra ?‘?ﬁ‘&’ﬁ‘267 ﬁf?rﬁﬁp_ﬂ?isc‘f’é%"é‘éqff?tﬁnm her
words, theffthe spindlkdoib A5 E6rdfaRe dlfe ke Bk Mist@Blyi U, i N which the center
of gravity 500 has been shifted for the disc spacer 210. The second bias
direction 710 is the sisotshepntindIGefdiea firgbiagrdirection 7e®and hsecend kibs cent er

line ofnt hey.di C | tgnf:LO h Jybal ances i nher ent
With the padr’%§§§‘hz§ o ck}}h%qq?’ﬁ{aﬁg% dhréd é‘c@oz’éo{‘ps‘%ﬂg'e‘ig%%hn:g‘e groxemensaldid ; on 710
can al so beehtepofgrtviof 566G fromahé wtisll ceneelins 4200 tHe 8136 spatés. IhldthePwibrds33, and
the disc cl %260. The,inbablsiar}(g:ete .of these parts as assenbl ed causes the
center of 18? f bigs diregtinn ‘{04 the dirsetion wewlhich thegsnies of gravity $00hasibeen axi al
center |inep; ' bTiRSsedd | -10) - : I n
FLG 7, tnethed itk dfe sHREPIR. CTRSRoIEN Bieclipl 718 B AR R BRER |1
directi on 7g0sravitytfreen thayaxidl denskilmg oftthe Wisc stack BA® thdteresultsifednatice of t he
di sc stack . A | S,: e e t he, i ange of the disc
1551 GRBRRRGL Bt} B8 hef i TR R e BieeR RO TR ol ) be

spacers 21 rirve usi'ng one
count ered dinectidte7 agunessotfe thauht sfusfthe intbaRinéé Gthe dBRAIBA the hitg13318hd Anot her

way of puttjing.this i )
y P t}xe glsc c&amp 320. The imbalance of these parts as assembled causes the center of

gravity of the disc stack assembly 200 to shift from its axial center line 720 in the
second bias direction 710.

20 As can be seen in FIG. 7, the second bias 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.




25 that the mass inbal ance or center of gravity shift fromthé‘&EAUEﬁ'ZguaE
access 420 is being used to counter-balance a simlar shift in the disc
stack as¥@®Pr$18000. As shown in FIG 7, the disc spacer PQDUSS9/s2ti oned
to counter-balance a mass offset in the disc stack assenbly 200. If the
flat surface 210 is formed so that tlee flat surface includes a 30 tangent
of the inner or outer diameter of the disc spacer, sone interesting

rel at i onshi Movingithe diss spaeerail G or distspacer2d8taid positithwhére!thelcinte GImaEESS .

Once the nm . jndl e senbly is.determ ned, a plane

i ncludi ng t gmgg{rﬁ ggrseﬂ)lr#elgg?:%rg%ég%e@?y ﬁﬁé’%‘f”%‘&f‘ngﬁs Hs'8e A5C$PIBO and

the center uhgsgesaits inthoflatishrfacti2iQ imtRedind el efifdd BAE QﬂiiHFx%m&ﬁn@U@O%
|

WO 00/ 48181 #DQCT S99/ 15142 10 ving the disc spacers 210 or SC spacer
210 to a polfd PIdhe dise sack pserably; 290 3d apeins assopiatadovith the mass @ffseyofithe

count er sbal gige @ldc]@é(ss&rﬂ@ltycﬁmt o tid ﬂ%?fa%leﬁxd%ﬂ% {agxggrgr Hatg gg?s Fr}%%ﬁ rmb 9&{%25 axi al

results in the flat surface 212 intersecting
center | i nediametr of the disc gpaser Hng 2k2,dbes Hatisinfac2O0illasssentiallp b pepesidiciiat €d Wi t h

t he mass of ' tack ass ly 200, |f e flat surface
i ncl udes a {°§§ég%'%{e c{e?)ﬁ fq?bﬂ %%%’ﬁﬁgwe&ﬁisé)?{ﬁ%d%éﬁﬁ‘%PSSGF‘E’PW%@@%B@@& ring
212, the fliathdingflecmassidffsersfanatisaktok Rgeriypendi cul ar  to the plane

defined by the centerr#éi ng, axis of the disc stack assenbly 200 and the
point including the fdSs®isRitlax chart of the mithod for maling thealids|sfack B$sEmbsy i s a

flow chgrt 2o LbEebdrsd i t.he. di tack assenbl Q 200 and

bal anci ng of th}?}' disc s q%ig{e%ﬁg?éﬁis ag‘seﬁlfgoca)'pe ath oo %ﬁ‘éflﬁlﬂ% Por
assenbl i ng asseablingatisesstacks irdtailly plotesdinsspiabe 29 paary thed the digs 3 erto e di sc
134 onto t acewﬁf;grmgé&%thg hL%b 6133 as depi cted by ref erenqg nunber s
800 and 810P*FR5pedtiyars 23, s dempted bydstcrsnpe mpmbsss 80 and 816, wespecivelyed by
aut omat ed rEedistepacer bspacers 2T0 &k pRBedBY MitonsdtBRadtend thind d ient ation,
as depict edqlg% tr ef e enc? nupber 820.ed'|/'t%re doi sc 200 }lﬂnsé]%ghé;) Igag'[eaggélyg%tonat ed

machi ne on Bfts fmal ependationp agdepictpd by referendomumber 826s Gheadisc20@migt h t he
aut omejed rRLdal ' f | f di sc.spager 210 in a first
direction ?; dggfé‘ftgg’a%ﬁ%q@rcé’lﬁgép ﬁﬁﬂgﬁa"&%‘%ﬁ@" |"g€’sﬁﬁt¢“¢r AP so
bi ases t he Wiitls ¢he artomiated anachine] biaséwethe (fao Side eoftthé @idci Pacera® (0pPL Girgd by

reference [ " th bi asi gxt re.pushes the flat side of the
di sc s pacepﬂ%? - a?égplﬁéi Ry t5ferenge '}‘fg’%é G @F%{;ﬂﬁ%’g fixture also biases the disc
or discs 134 in the opposite direction, as depicted by reference number 840. As the
biasing fixture pushes the flat side of the disc spacer 210, the disc spacer 210 self aligns
20 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.




20 to the optinal orientation. This biases the spacer 210 and-o&sA[?@UU@e

clanp 220 is then installed, as depicted by reference nunber 850.

bal ance Y4885 done after clanping the disc 134 and s EVSPNG1420 t he
hub 133, as depicted by reference nunber 860. Advantageously, the
asymmetrical disc spacer can be usellto balance 25 a disc stack which has
only one disc. In addition, the asymetrical disc spacer can also be used
to bal ance a disc stacﬁ%%lséﬁcmtlawfaldompumsyﬁtan.sAdWhﬁagmhklp,cth&s easy

to wuse. Thyj SSEER eases. the ma urin rocess. The

met hod al S§h§%§§£§§¥e§§ m nk&r‘rausé]g'é“rct%?’(? ‘eeés%%eﬁ%gbq‘ﬁ?‘mcgsﬂ’efeaﬁ}sﬁ?@ 1060

machi ned dunaywisativealled areictronic pystaesrandnfbrihitorf Hanllisg SRtdnS ald fHRdel © e a
regi stration sgrr{ace. The f.lat side provides 30 a sinple but effective way

of al | owi nd EHE2 BRCCTSHS: Wk ArBFRRY $d 2is¥stera bys.o 'Ther méenmation handlime on t he
sur f aces anchyabmiRAuERFechicilBrod PO RIOAY a Pdh diEss3RARSE, 1ot Qf%\ggfgégd

orientation. The asymmetrical disc spacer a mnimzes naterta
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1 FIG 9 i [ C Vi a._conmput e system Advant.ageoqusly, the
i nvention |r§m\%enf%g §%?‘§éengm¥é§ﬂug[febei lﬁfoﬁ%ﬂ%b m§>§¥?t8’i‘?1d1f@g098‘ﬁg§ %%?Fput er
syst em 100Qirivesieviet sehitie irvhide thearamp! dugériktdl 4bov¥.S 'Y iforAthtion HahRLg ON

handl i ng system i ncl ude i
1P e

s ..acentral rocess;’&g unit, a menory and a
syst em bus.SY§HB P 8IS %5%1@%01@@3% WO, and severs! peripharal devigaspcessi ng

uni t 1094, saclf ANem 1064396 TOIR1¥20. 0571023 Hlavbe AATAGITH DHSnd NSl Obus

communi catively coupling the central processing uni
access nenoh0y0.1Raiphernhdevices oayrirciusie hhwirtidci driyes ysigwrtalGitival ivesdfisppy di sc

drive devi | i.ncl udes the. . ra descr.i bed above. The information
handl i ng §§%°\t'@r¥1%ti]’db%’%k%§ﬁ‘§¥‘§° ‘i%ﬁ?ﬁ’&*&“ &l WF’B& pABY YR afliss drveg
several permphae the didet kdng thO s regmbBild@iscukteabotf16, 1018, 1020, and
1022 maybe attached tq the iInput output bus 1010. Peripheral devices may

include hard disc driJel, orRegderstesd:thatathe abpve descriptippys infemdeddoi bees,
moni torss,  KpaadvedgnPhdt redufiGive S N/ﬁtﬂ?' REHer QBBBﬁhfents'%Om %é’%ﬁ)gggélt gc% @%Feg&t ve my

use the slider having the surface treatnent scusse 0 be
under st ood skidhin thhartabpancrediewing theiabove descripgonde Theacge 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.




15 illustrative, and not restrictive. Many other enbodi ments w§ IAUE 2003
apparent to those of skill in the art upon review ng the above -
description. The scope of the invention should, therefore, be determ ned
with reference to the appended clains, along with the full scope of

equi val ents to which such clains are elitled. - 4. AUG 2003 Wat is

cl ai med iWhatigchimedigi sc stack assenbly for use in a disc drive, the disc
stack assenbly rotated w thin the disc drive, the disc stack assenbly
conprising: spindle hub rotatably coupled to the disc drive for providing
an axis abolit A dRtefack hssetbbcfosuscin Ddisedive, thedisd #ack dsbemblyhotated udi ng a
substantially cylindrical portign; a_clanp; an asymetrical disc spacer
havi ng an opeﬁ’i"ﬁ'@nf 136 drss MRSk aseembly c@mpESinge cylindrical portion
of the spindle hub, the opening having an axial centerline, the
asymmetrical shape of the disc spacer producing a shift in the center of
mass of the disc spamelie hiubrrotatatdy asipled tocthe tlisc Idrime fortprevidsgraneixisi abalit shape

being a flat surface includi chord of the outer peri er of the disc
spacer; and a disc coupl‘%lb‘dlﬂg%éﬁ?ﬂﬁﬁ?CksaéFﬂn@V§%ta‘§f)'é5%l‘&b8’§ﬂfd}“?ﬁfbd so that
the shift in the centersybftaif®dly 9lindfél gofifonspacer counter bal anced a nass
offset in the disc stack assenbly. 2. The disc stack assenbly for use in a
disc drive of claim1l, said asymetrical disc spacer including a

regi stration surfa%el . The disc assenbly for use in a disc drive of claim
1 wherein the disc Stack has an axial centerli ne, the flat surface of the

asymetrical disc spacer positioned so the flat surface intersects a

pl ane, the plane including a disc stacll; axial centerlinpe  assenbly and the
mass of fset in the 2jas¥marhaal disc epaseyhaying ahepepingthereinsdimensiongkio gj sc

stack assenbly. 8 AUG 2QQ&iJethe cylindrical portion of the spindle hub , the opening
having an axial centerline, the asymmetrical shape of the disc spacer
producing a shift in the center of mass of the disc spacer form the axial
centerline, the asymmetrical shape being a flat surface including 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.




4. The disc stack assenbly for use in a disc drive of claim1l wh&ﬂwetggoa |

di sc stack has a disc stack axial centerline, flat surface of the
asynmetrical disc spacer positioned so the flat surface is substantially
perpendi cular to a plane, the plane including the disc stack axi al
centerline assenbly and the mass of fsel3of the disc. 5. The disc stack
assenbl y foft- UEhe dise dack aseerably\fer e in halise driveief claim ltwihkereindhadise staddal di sc

spacer s posiy,i mass, of fset of .the disc. 6. The
o a6 st ok asdaa b iR Bl A o B 0 ey ihes Ll G R
asymmetrical dicsiticapdsetheiflat budae iasumantio | M?en&&ﬂaﬁswpmr theplandi SC
spacer positi,onleg_ to fi(/:\,ﬁignter bal ance a mass offset of the disc. 7. The

di sc drive of iB¢lydingthediss sack pHal Genteglingpssanbly canddhe prsyelfset of theidiscspacer
is on one side of the axis of rotation of the hub and the center of nmass
of the other portions of the disc stack assenbly is on the other side of
t he axis of Sr dXtetdigmstadfk assérabliyfbr us8.in Tldéscdirive oficlare 1ofheztiaitim 1 wherei n t he
registration surface.is used to. posjtion the djsc spacer th t he disc
spacer center aéymmfg%caigﬁﬁtsgarcﬁﬁ’tsspot“ﬁ‘é’n ‘gmcé’i“n{?fh%&@?a@ﬁss‘ggeb‘?f%ﬁe ot her
portions of thgsdisc stack assenbly. 9. The disc drive of claim8 further
conprising a plurality of disc spacers. 10. The disc drive of claim?9
further conprising a plurality of discs.

6. The disc stack assembly for use in a disc drive of claim 1 wherein the
asymmetrical disc spacer includes a mass offset, the asymmetrical disc spacer

positioned to counter balance a mass offset of the disc.

7. The disc drive of claim 1 wherein the disc spacer 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 other
portions 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.






