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ASSEMBLY DEBRI S RE Mm“@@ﬂﬁ@wnventi on relates generally to the field of
di sc drive data stor s) and nore particularly, but not by way of
limitation) to a method &®'%orning an actuator within a d| sc drlve Moder n
hard di sc drives conprise one or nore rigid discs that r thh a
magneti zabl e nmedi u on the hgb of a spindle m)tor for
rotation at a consmm{lmmmm Wmle Information is stored on the discs in a
pI urality of concentric,gigcul ar tracks by an array of transducers (
"heads") rmuntedtoar(? ads relative to
the discs. Typically, ‘% AE@EA%%MQ&’-&W@U@%Q oil notor to
position the heads with respect to the disc surfaces. The heads are nounted
via flexures at 15 the ends of a plurality of arns which project radially
out war d fro%ﬂaﬁgmngﬁdy. The actuator body pivots about a shaft
nmounted to the disc drive housing at a position closely adjacent the outer
extreme of the diBusinvEndopirclatesgeattallysophe ficldeof dise Hrivhelataxiterage rotation

of the spindle nmotor, and the discs, so that thg heads nove in_a_plane
paral | & wi ARVieRs M mareRATEEUlarY, Brickas by wat ok Liiatanofo § ABOd OF | ot or

i ncl udes a i the actuator body opposite the head
arms so as ?%H@n%%rsé%nwhﬂﬁhid%aéﬁetl c field of a magnetic circuit

conprising one or nore permanent magnets and nagnetical ly perneabl e pole
pi eces. Wen control led DC current is passed through the coil, an

el ect romagn@atck ] se Bedentiop whi ch interacts with the 25 rragnetl c field
of the magnetlc ci rcwt to cause the coil to nmove in accordance with the
wel | - known Lor entModesinahdrd disei ¢rivesscomprisesine arovese, rigidadisest that are ¢nathd
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assi gnee of the present 5 invention ypi cal servo systemutilizes servo
i nf or mat i on rddial adteatot dort mevementsofcthe ihegds fedatiliesto thie dises.manuf act uri ng
process) to detect and control the position of the heads through the
generation of a phtielbh surFh srdial apieatorsramlon ¥aics <ol materia 9‘3,516?“ thee

byt he ser v ARG RER tfbeeh i BRRA olfcPar FRleels eOunPl s e ¢

15 the ends of a plurality of arms which project radially outward from an actuator

body. The actuator body pivots about a shaft mounted to the disc drive housing
at a position closely adjacent the outer extreme of the discs. The pivot shaft is
parallel with the axis of rotation of the spindle motor and the discs, so that the
heads move in a plane parallel with the surfaces of the discs.

20 The actuator voice coil motor includes a coil mounted on the side of the
actuator body opposite the head arms so as to be immersed in the magnetic field
of a magnetic circuit comprising one or more permanent magnets and
magnetically permeable pole pieces. When controlled DC current is passed
through the coil, an electromagnetic field is set up which interacts with the

25 magnetic field of the magnetic circuit to cause the coil to move in accordance
with the well-known Lorentz relationship. As the coil moves, the actuator body

pivots about the pivot shaft and the heads move across the disc surfaces.



10 bur,st signals generated fromprecisely |ocated nagnetized-servo fields
im the servo information on the disc surface. During track #ollowing in
whi ch a selected head is caused to follow a selected track, a servo
processor conpares the value of the PES to a desired val ue indicative of

the desired position of the head to the selected track ang js
digital correction signal to the power_anplifier, which iﬁi}ujmrmﬁes an
anal og current to the actuator coil toz'adj ust the position of the head with

respect to the track. During a seek operation in which a selected head is
moved from an i ni €oatrot phithe positiondefsthe haadsols typiaalky ackitwed withya tlaserk
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industry is to provide disC drives at an ever decreasing cost. To this end)
ef f ort s5ar e iowentionuall typhval seyvaSystanhentilides sertvo infgrnmatienr(otrittenl ty tie eldscdri ve

st orage andc}ransfer .rates, but _also the mapufacturing of the disc drives.
In an ef f or tAUrHg the dissdrivg manyfaeturine; propesshio detect-ans continl Ak pesition 9fs ar e
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of the E bl afliicahed of it S6Niiotdaf rNRal WM Feiedtab A’ liefed’lack NOPRSPESPE the

surface of the E-block a thereby let o akes of materia

"1 ~r, ~UN2003s $ehéracsinby theestr ke sysnen fogrcongshuivig the relatieesignal Ste¢iggtheohi ns a
continued need for inprovenents in actuator assenbly to reduce the anount
of debdPs cdiureictippHs gresraied. from precisely dogated megnstized seeva feldstndher esent
invention i resent. invention is directed to a nethod of

IS direrﬁied..S Thﬁl&ﬁgd £

har deni ng arPSEY® FEQRMALON afy §eSYie%ol | ection therein. As exenplified by

preferred enbodi npyy i 1 r QVik g

manuf act ured E- bl ocg-ﬁ)igotgéb?oféﬁllo%l?g lmglﬂifﬁbef%%i&%dagé% i(%eér%#%q {Zg%o‘ri‘lg wvwat h an

i nner di amet@iectdittraclbod Sersd pr@@Ssorondiadéihe & alR dethe IFES fird desigad ded Wi th

an outer dianeter that is larger than the inner diameter of the bore

surface. Thevalae dulicatiyenditbe desisedopasiti@uof thechegd to e salentediFrabbaad dssuehat
resses apnd deforns .ihe bore . surface., t he

t he har,deni ng ,nenber cor .
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such a substantially snpot hard contacting bore surface thereby
reduci ng t heingtidllteackitor ddstidatiori Gaslt, trelanivelydatge curréts diecappliedab she coil

advant ages and features of the present invention will be o

to initially accelerate and then decelerate the head towards the destination track.

20 The velocity of the head is repeatedly measured and the current applied to the
coil is adjusted in accordance with the difference between the actual velocity of
the head and a velocity profile.

As will be recognized, a continuing trend-in the industry is to provide disc

drives at an ever decreasing cost. To this end, efforts are continually being

25 undertaken to improve not only disc drive storage and transfer rates, but also the
manufacturing of the disc drives. In an effort to increase stiffness within the
actuator, tolerance rings are often disposed between the cartridge bearing and the
E-block. However, the tolerance rings often create problems with debris

collection on the surface of the E-block when the corrugations from the tolerance

30 rings scrape the surface of the E-block and thereby let off flakes of material.



apparent fromthe follow ng detailed description when read in conjunction
with the drawi ngs-and appended clains. 25 FIG 1 is a top view of a disc
drive of the type in which the present invention is particularly useful,
the disc drive showmn with its top cover renoved. FIG 2 is a partial
cross-sectional view of a prior art actuator assenbly of a disc drive. FIG

3is a partial cross-sectional view of a portion of an E-bl tmzzo
cartridge bearing showi ng the conpress®d tol erance ring therebetween in th
W~ ~~a ~ 2002 prior art actuator assenbly of FIG 2. FIG 4 is a

perspective vi ew Wit fehtinubd defnadd féhrddisen B Eose, Gerdtemains akcbfinded s a
flow chart for an ACTUATOR ASSEMBLY DEBRI S REDUCTI ON routine, generally
setting for tieepfef enprayesenssinaatuatadssemblydoFedeatitbe ammungebdebrisv t hi n an
actuat or asseqnbly. Iﬁt ail eId, Descr'kpti on A det%i | ed descri,&}i on of various
present |y pretlestiythersiBdilhintossugh IMREOYSMEL,that HPRTESEI 1eNto8dSrence with
ref erence t%ix@c d 1 which shows a disc drive 100 used to store conputer
data. The di'sc drive 100 includes a head-disc 10 assenbly (HDA) 101 and a
printedswi ring assenbly (PWA) which is nounted to the underside of the HDA
10l . Although not visible in FIG 1, it will be understood that the PWA is
used to conthummatyeofotherdavéntionof t he HDA 101. A top cover (a portion of

whi ch is shown at 10) ,es with a base deck 1D3 to provide an
envi ronnent al |y cbit PEISERigin¥entiqiols directedde a methadofwrdening sndpblpgkdonot or

{general |l y designated at, 104) .is .supported by the base deck 103 and rotates
a plurali tyrsau%xfe;wsycoillefté?%glea?lgcS 106 at a constant high speed. A disc

clanp 108 is usedafQ@xémpiiRed BS piefered kbdafhahes Vel BethBE idRiID&] frdrot or 104
The discs 106 include recording surfaces (not separately i1dentified in FIG
1 ) toldhi clprosiinglamemfactuved tE-blockyforeoolinfz. dloEsblyclabasaticentrdllibreéal so
sonetines 20 referred {0 as the E-block), which rotates about a cartridge
bearing 112 With padpes<tameter gad adiare sukfpem A hardeningmengber is dhen propigedy
portion of which is visible in Fl 1 f voi ce. coj | ar, (V 114. A
Pol erance. r iRt dastie b o redd wan B e e PR oo Shtpnds e
actuat or 110pheThgrdefingah&hbdrll drosky ‘i'l?x%u?h RhelEcHtEal Yol sé hight ‘i‘h@ﬁﬁ@eﬁ'ﬂr@ each
of which supports a corresponding flexible 25 suspension assenbly 118. Each
suspensi on assmbt gorp&ssas andrdefeumppthettora shifack. 1206 the bardenmgaheiner
respective recording surfaces of the discs 106 by an air bearin

est abl il Shed 5foums the parg susfackthg hors surface hegpmes, sehptargially i ssipath apde i scs

106. It wll ed 1k j | i pLi

For ces. wni cid oot il b5, SHTREN: AR RETREL HSubdtinif) ifadt hnl?
the heads 12fedium apem whickOftoléfafcdriaY ipiedingly engeies dfteRAisenitipt ures t hat
fly the heads 120 over the disc surfaces in a highly stable manner. A flex

circuit assdalsirgncearing adll |betlassdlikedy ¢ flake aff sunh arssibsiantialiy smbethrehharde
actuator 110 and the disc driye PWA. A.latch 4 secyres .the actuator 110 5
Thenct v di SoRCE Do SHefaAHETeby dedtting ool Retion ! HERES VHEOn L Bafce! y

cone tg,rest upon i (o] t identjfi | gcat.ed at the
i nner mg)(s)t radii o?hgﬁgjeglgség{)%@%éeqﬁ?gsf?%ﬁéﬁ%n(gl ﬁzﬁgﬁg%s@glr Elvgﬁ‘é?‘_é?”é Ibff
texturized tfHpafean $Fomthd fdlioWing Qefed Ue@npiRaeFhéRlad iadRRfunboh M eads
120 to the landing zones. To facilitate discussion of the problens wth
debris col | ebtidoawinigs faind appeddedandsimst or assenbly, FIG 2 provides partial)
cross-sectional view of a typical prior .

Brief Descrintion of the Drawi

25 FIG. 1 is a top view of a disc drive of the type in which the present
invention is particularly useful, the disc drive shown with its top cover removed.
FIG. 2 is a partial cross-sectional view of a prior art actuator assembly of
a disc drive.
FIG. 3 is a partial cross-sectional view of a portion of an E-block and the

30 cartridge bearing showing the compressed tolerance ring therebetween in the



art actuator. assenbly 130. An E-block 132 fornms a bore 134 which

recei vingly engages a tolerance ring 136 conpressingly disposed about a
cartridge bearing 138 to retain the cartridge bearing 138 within the bore
134. The cartridge bearing 138 has a stationary shaft 140 and an outer

sl eeve 142 separated at upper 1 S and | ower ends thereof by a pair of ball
bearings 144. The stationary shaft 140 has openings 146 on both ends to
receive fasteners (not shown) for attadhment of the stationa() ﬁ‘lﬂgtzm to
a base deck (not shown) and to a top cover (not shown). The %e ings

are i nternal pyjoit fvt @edrathraseblgsoftFIG.€:ei ve screw nenbers. Therefore, in
the prior art actuator assenbly 130, the stationary shaft 20 140 is rigidly
supported by the Fige4dsalpenspictive viewpolibeds-blarkl of thedissl drixecofl BIG r bt at es

partial cr ose: seciTgnaie ifl Shark st RS GATOR ASsERRLEBERRIS fe” ' ©
her chetweant PG FPNgou e o RFl BRA i R pRAGEET Ep! iRl dbmR0o™)

136 i s sandwieghes teedebeRNwRhigl @oaguatdBaémbhe sl eeve 142 and a surface of
the bore 134 of the E-block 132. The sl eeve 142 and tol erance ring 136

conbine to provide an effective outer dianeter that is greater than the
bore 134 inner dianeter. ,As such, the sleeve 142 and tol erance ring 136
conbi nati on nto the bore 134 by press fit methodol ogy 30

[l k b il in . . .Th fi i
o0 oMY e AenS! b RrblEn X vt b pREERE: bt BaBRa fediCbr R o
tol erance ringsdRGndsntRMOMN Ednfikfte &athﬁe&rm&ktsrpxkj.qeah%d& fHows Bafdenot e

t he shape of" the corrugations 150 before insertion into e E-bl ock 132.

The conpressdgve L0Pasédh stord umpwter dgal Thadiscdiivef 10hinchales admead-disang 5
13G beneficially creates sufficient frictional resistance to retain the
cartri dfe bezssemlyl DA kM andihprintedavirimg, asperably{PWiY)) avhigh iscmerntedde t he

i rect i ons. 1 SRk R DAL iifouReag) iR G 4 vl bt he
tol erance ! piuchiBofhAGhE YOV X (M PoditR 12oPBLIER BT TR apg, 142 and

the E-block 132 to fixedly attach the actuator assenb or

rotation. However A syctovee®pesiimef whichlie shown uga02)omated Soitle atbassldbgk t he
press fitti n? has the effect of burnishing the surface of the bore 134
adj acent t hel@bte pyatidear envgonmeally centyGled envisnganent §o5 BieddDAUMWhiA e t he

| i 6 i de f i eel . Ther.ef f
the conugat NORAT myos SBGeihe feia L FE TR 1S Shonolled i epsh AEc'163501 © °
corrugat i onsadpfohis sdcgla&l@iz} he aﬁi‘dﬁ' atign&d disbe 1604ea L3Asidchiphepeky ahed

fl akes of alum num The al um num fl akes then becone trapped as debris
wi thin the gdisocknip 808 Thesadetordlamp shediste 0@ belativeofo thespauile ngaos 04, 150
to collect in creyjces 154. Excessive debris collection within _the %koove

148 may det ri ment dieydisesplifeinelide ferasding: susfacesop separatele idenatifigd dn &6 eby

i npede seek fo ce. cordi ngl a preferred e di of the.present
i nvention i sP)E{"oYY?’@ ,Seégﬁéh%ﬁﬁv ﬁ?tger%l?&ah)?g_ roﬁréachbai?%r gﬁg@%é‘%}?? i ew
of the - bl ogdferkd® t@R8 theSEMIQMH) IQMidOr e ﬁbétﬁtaeqagirfd'gés&'aﬁﬂ%qfutipe met hod
of reducing debris therein. Provided in FIG 5, is aflow chart for an
ACTUATOR ASSEisBuiyse2d tDEBRpISCAREDUCTuaNt toua icod (208))a pettinl ofrghichds vidibled of
tooling the E-block 110 that will reduce the collection of debris.

Ref erence wi N FHa haeka vgiceicall motos (W} L bt ndd tleragee pagild SHs disposed

facilitate dj,sc iaon. .Beginnin S 202) t E-bl oc 10, nyf act ur ed
by Conpart i ﬁb@#istﬁ%,carg&gg%éﬁm}gglg ?Rf# gi(%oac Yr EFQn lslaFéltagq{nl Vﬁﬁf‘%ﬁﬁ he
disc drive 190,506 B BEREA sl P1d, SalRUE wificirupPoRd™ difesponding flexible
25 suspension assembly 118. Each suspension assembly 118 in turn supports a head
120 over one of the respective recording surfaces of the discs 106 by an air
bearing established by air currents set up by the high speed rotation of the discs
106. It will be noted that the suspension assemblies 118 provide spring forces

which urge the heads 120 toward the respective disc surfaces, and the heads 120



30 has a central bore 156 (FIG 4) which has a bore surface 158. The
central bore . 1 ~ JIl~ 2002 1S6 is provided for insertion of the
cartridge bearing 112 (FIG 1) and tolerance ring 115 (FIG 1). At step
204, a hardeni ng nenber (not shown) is provided for hardeni ng and snoot hi ng
a bore surface 158. Although it is contenplated that it is wwthin 5 the
scope of the present invention that a variety of hardening e
used to harden and snmooth the bore surface 158, in the prefreT:lE(;,UNnﬂm?
enbodi ment) the hardening nenber is a ball (not shown) with a predeterm ned
har dness, angkel gropidetieripayrodgtenmid featureshat £ thahbidiel 205t theldiss are
readily avallable inthe art. The ball has an outer dianeter that is |arger
than an i nnesurficesdn erhighilytstabla manoew 156. The ball is then positioned over

he b 6. 206 h h ef d
enbod; ment . the. b FEX Rirclis St 1A gRORUE P sl o BUteR AR PabHEcdn
smoth the L RiRAFR 1Pk, BAL PR, DR IREASSAdeb Okl 13,

means conmon nown to one of ordinary skill 1'nthe

pressedst hr OWﬁBn tiediBe deive D0 it f@l@aétﬁfa&:d' aflotvirid Becheh@d 126 t6 saehecodB b
si mul t aneously deformed to provide a substanti al | y snoot h, hardened bore

surface 158.reshupeit ifmdmgmhmséneWpam@lgﬁ@mifEdMthgdpmdm drrermost radii
substanti al | nogt h, I um upon whi c e stai.nl ess steel ol erance
g 115 pr eSGiHaeseiia e TogiBg 200 Hoirs sl St5irige s e Emusistio |
therefore befdr@éssfrbh#@ﬁ sirQol gla@ﬁ@nﬂ%fl ‘§ 1t2t3QQttﬂé gﬁ&%ﬁz&ﬂe@g 115 is

likely to 20 scratch a scrape an rea y snooth dened surface. The

snoot h, hardened HurfacHissteagguddsn bb ﬂfde[ﬁm@b&rﬁmbah&i&bnalcbuemcﬁvwnhﬁl ame
creation and collection of debris within the bore 156. The snpboth and

har dendd bor actyatof asenigp, FKénZ providesspartink caossisectiondl viiew of iattypicappdor di ng
surf ag:e hgée%réla%t?@?$re%3§p§§r et R AT ATy ORI A e hxcﬁftei'éivﬁéﬁye
o ove the hEEs 2 bRRATHA Mo fpRRtink BAReq sbblite cartills padIE

the risk of ¢s®ko et tlhet‘chttﬁa?eb'e@mﬁg)wss RatHif &k botesi3al Thepardldge | N an
alternative enbodinent, a roller burnishing tool (not shown) may be 30 used
to harden anteammpid8 haealsttionsyr shabiel406end atheutpr elvent 142 seprawd atsppet he
1 ~ JUN 2002 _8_ roller burnishing_ tool hy nethodol-ogy well known in the

art. Thi® rol pad Tovemendsithereebby armdr %malalrbea@ags A catipnaey shafhdf@r s

h | h Ly I h h d
Ther of or e, - aB PRI DHEL a1 Do B grel it AFerkFs s o REFE iibuengf
passed thr ouate §thGo Ry 8hd2 448 Qo hMike UB& (Rt IsBbwR) BRI RES 86¥L1(EbE he bore

surface 158 to create” a substantially snooth) hardened bore surface 158.
From t he abovieowiels cThpbpemings 146vatd internally shrebdesl ofeméngsrtegecdive soremt i on i s
directed to a nethod _of hardening an E-block to reduce debris collection

t her ei n. As measrs f iThgrafores in tleg prer antastmatarssemblyel 30 the statinnaysdstls j r st

provi d| acture - bl.o r 1oo S ntral
bor e i an d{rit PR Feblegitedy st Beck RO UR%ee aFaE NS e ARRYE 182 e
provi ded w tpotat@sg%gmglmf that 146 Iar ger than the inner dianmeter of

t he bore surface. The hardeni ng menber is pressed through the central bore

so that the hardefurgingemiveto F6GpBeslsmen Hredeidds arpustialrerossoseetionalf view. ofAs
t he hardeni ng nenber defornms the 1 S bore surface, the bore surface becones
subst ant i al | § powder Bf andE-hlock. 13???@(16{11@1ﬁﬂﬁuﬁg%m@%ﬁﬁaé@wmﬁbﬁ ore provides

ZnZESZZaQiL croRoREREH (HIerMiRe FBE S APRPAIREITBEY] SR PR bngorsEhoR ako of
7 educ 1t he TR FAC) PoRaCie (8RR i P38 e E@%@%S’Sﬁ*’fé‘a&?f‘s‘ﬁ‘é B ha

the present Ittﬂb/geéwm andvlsurfackagf 8@ Boze aBHAINMLé Beblopkl3aNArRAMsea DS
mentioned as well as those inherent therein. Wile presently preferred

ermbodi ment s hadeolkeswedésyy i 3hecmbine tp prpvideanaffective odfes diasetee thatisrer ous
changes may be made which will readily suggest themselves to t hose skilled

in the art aggeatgr Hendhe berﬁcwpag@éélamp%e%ﬁm,tthsfs gene 1A \apditplesanos
di scl osed and, r?gslgggeﬁ]l ma'tlgntarr]e(:a pla sg?nciix?t% tﬁl: %5@134 by press fit methodology

30 well known by one skilled in the art. The press fit compresses corrugations 150



_g_Cainms; '~ ~JUG Q02 5 1. A nethod for hardening an E-bl ock of an
actuator assenbly in a disc drive, the nethod conprising steps of (a)
providing the E-block with a central bore having a bore surface at an inner
di aneter; and (b) passing a hardeni ng nenber through the central bore to

I mprove di sc 10 drive operational performance by hardeni ng and snoot hi ng
the bore surface so that the generation of debris-generati nggggtgluﬁla%q@z
reduced fromthe E-block when the E-bl-6ek engages a corrugat t r

ring during installation of the E-block into the disc drive. 15 2. The

nmet hod of cl @ispbskd aMa@t &h Buterand anseNufficEoriRy toldraide SAS 136M8/sholavinng a
predet erm ned hardness and an outer dianeter greater than the inner

di anet er of FHKa. Borkheshroken dinemindFlthed demote tee plrapsiafghs tepugitiorsolfif) i ses a
step of pressi the ball throuygh the central bore to burnish the bore
surface. 20 @‘?HS’?‘hH‘SﬁQ{%t% eclll':l‘g’rk?ﬁ 2l3%herein the passing step (b) further

Contral bore. 4 rEARAPH AT LAk D St Bofoelrile

e s

]

central bore. 4.

al um num 25136 bdiegici@he@ars seifieht frictibieil @kdlsthh@ dretEn ithdc _
conprises a roller burnishing tool conprising roller bearings each having a

pr edet er m nebeanmgdhis withinitherbosetldd, piexnnting digplacment ¢fahe tsheeve ddr

di aneter of the.bore.s ce,,.and erei n.the passi st.e conpri ses a

St anror prestya fan? -bRER AR iR e e o Wl B AeEh e, | Rhig pRanes

burni sh the r al, M2z, ' ssin

s'tj epI (b) furgﬁ@p @o%%ﬁ@gségdegftggag?ﬂgﬁau %%%%%E@F;? 3§e%f¥)gr%§1§l§lé’r}?$£§§§?e o

surface of ths2 pefidealthdsleeve 142 and thelB-blodkt M2 RPfiXedI abfth ek {th%zft(@f ;n ng an
a

actuator assenbly for use in a disc drive, conprising steps of:
provi dilfig anadsemnbty k30éor rogatéon.i ni tial hardness and a central bore having a

bore surface at ap_inner dianeter; (b) Provi di ng .a hardeni ng nenber having
a predeterm ned halQHREs fampression of the corrugations 150 caused by the press

fitting has the effect of burnishing the surface of the bore 134 adjacent the
corrugations 150. The bore 134 is made from aluminum while the tolerance ring
136 is made from stainless steel. Therefore, the pressure of the corrugations 150
15 against the bore 134 causes the stainless steel corrugations 150 to scrape the
surface of the bore 134 and thereby shed flakes of aluminum. The aluminum
flakes then become trapped as debris within the groove 148. The debris is
pushed ahead of the corrugations 150 to collect in crevices 154. Excessive debris
collection within the groove 148 may detrimentally impede the movement of the
20 sleeve 142 and thereby impede seek performance.
Accordingly, a preferred embodiment of the present invention is
provided, as shown in FIGS. 4-5. FIG. 4 is a perspective view of the E-block
110 and is provided to facilitate discussion of the method of reducing debris
therein. Provided in FIG. 5, is a flow chart for an ACTUATOR ASSEMBLY
25 DEBRIS REDUCTION routine 200, detailing the method of tooling the E-block
110 that will reduce the collection of debris. Reference will be made to FIG. 4 in
describing the steps in FIG. 5 to facilitate discussion. Beginning at step 202, the
E-block 110, manufactured by Compart in Chino, CA, USA, is provided before
installation within the disc drive 100. The E-block 110 is made of aluminum and

30 has a central bore 156 (FIG. 4) which has a bore surface 158. The central bore



than the initial hardness of the E-block and an outer dianeter |arger than
the i nner dianmeter of the bore surface; and 10 (c) passing the hardening

menber through the central bore to harden and snooth the bore surface; {d)
providing a bearing cartridge assenbly having an outer sleeve; {e) placing

a corrugated tolerance ring about the outer surface of thegbgagy;grm
cartridge assenbly; and 15 (~ di sposi %et he bearing cartridg QZand

the corrugated tolerance ring within t central bore of the E-block so
that the corrugated tolerance ring presses against the hardened and
snoot hed borié6siy rpfremeledi dor misedtiont dfahe aaitrid gy bedrany 1 1y (Bl€k elidng tatedandee
corrugated tolerance ring within the central bore, the hardened and
snoot hed 20 TH &l %(ﬂc‘ac@ IerrOVI ng operatlonal perfornance of the disc

E bl ock engages. (AL EBA g AR FRRDET ot oph m%é’%ﬁ@“ﬂw%qrmn 7

uher el theaaersﬁr@gmgcdebae SEHHEE 198 A SuetT 19 EBARARLALI B Fvilier i 1

t he- hardeni ng ne onprises a rein

t he harsleni nge s&ipeesf i@ PREJRE fvendéh fak |a6vfarﬂ@g)y6f§é‘rtleﬂm Qﬁémb@m}’ﬁa beg a
plurali ty of roller bearings. .AyU, .ASl ASn?. Ay|[ . A@®. Ay
LA ' JT@Seg to harden and smooth the bore surface 158, in the prefcrred embodiment,

[ Lg{j} N celeeleslotalhotalosl ool palaclastoshiel salaal calsphaahed) aheed oo
is preferably made from tungsten carbide. Such balls are readily available in the
art. The ball has an outer diameter that is larger than an inner diameter of the

10 bore 156. The ball is then positioned over the bore 156.

At step 206, the hardening member, in the preferred embodiment, the

ball, is passed through the bore 156 to both harden and smooth the bore surface
158. The ball may be pressed through using any means commonly known to one
of ordinary skill in the art. As the ball is pressed through the bore 156, the bore

15 surface 158 is crushed and simultaneously deformed to provide a substantially
smooth, hardened bore surface 158. The aluminum bore surface 158 therefore
provides a substantially smooth, hard medium upon which the stainless steel
tolerance ring 115 pressingly engages. The aluminum off the bore surface 158
will therefore be less likely to flake off since the tolerance ring 115 is likely to

20 scratch and scrape an already smooth and hardened surface. The smooth,
hardened bore surface 158 therefore substantially prevents the creation and
collection of debris within the bore 156. The smooth and hardened bore surface
158 then also has the additional benefit of provid{ng ease of insertion of the
cartridge bearing therein. Hardening the bore surface 158 may be repeated

25 during rework of the E-block 110 after removal of the cartridge bearing 112 and
tolerance ring 115 to further improve the hardness of the bore surface 158 and
therefore further prevent the risk of debris collection. The routine then ends at
step 208.

In an alternative embodiment, a roller burnishing tool (not shown) may be

30 used to harden and smooth the bore surface 158. The present invention uses the
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directed to a method of hardening an E-block to reduce debris collection therein.
As exemplified by preferred embodiments, the method involves first providing a

10 manufactured E-block for tooling. The E-block has a central bore with an inner
diameter and a bore surface. A hardening member is then provided with an outer
diameter that is larger than the inner diameter of the bore surface. The hardening
member is pressed through the central bore so that the hardening member
compresses and deforms the bore surface. As the hardening member deforms the

15 bore surface, the bore surface becomes substantially smooth and hard. The
aluminum bore surface therefore provides a substantially smooth, hard medium
upon which a tolerance ring pressingly engages after assembly. The tolerance
ring will be less likely to flake off such a substantially smooth and hard
contacting bore surface thereby reducing the collection of debris within the bore.

20 It will be clear that the present invention is well adapted to attain the ends
and advantages mentioned as well as those inherent therein. While presently
preferred embodiments have been described for purposes of this disclosure,
numerous changes may be made which will readily suggest themselves to those
skilled in the art and which are encompassed in the spirit of the invention

25 disclosed and as defined in the appended claims.
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15 2. The method of claim 1, wherein the hardening member comprises a
ball having a predetermined hardness and an outer diameter greater than the inner
diameter of the bore surface, and wherein the passing step (b) comprises a step of

pressing the ball through the central bore to burnish the bore surface.

20 3. The method of claim 2, wherein the passing step (b) further

comprises a step of simultaneously deforming the bore surface of the central bore.
4. The method of claim 1, wherein the bore surface is aluminum.

25 5. The method of claim 1, wherein the hardening member comprises a
roller burnishing tool comprising roller bearings each having a predetermined
hardness and an outer diameter greater than the inﬁer diameter of the bore surface,
and wherein the passing step (b) comprises a step of pressing the roller burnishing
tool through the central bore to burnish the central bore.

30

6. The method of claim 5, wherein the passing step (b) further

comprises a step of simultaneously deforming the bore surface of the central bore.
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than the inner diameter of the bore surface; and
10 (c) passing the hardening member through the central bore to harden and
smooth the bore surface;
(d) providing a bearing cartridge assembly having an outer sleeve;
(e) placing a corrugated tolerance ring about the outer surface of the bearing
cartridge assembly; and
15 (f) disposing the bearing cartridge assembly and the corrugated tolerance
ring within the central bore of the E-block so that the corrugated
tolerance ring presses against the hardened and smoothed bore
surface to retain the cartridge bearing assembly and the corrugated
tolerance ring within the central bore, the hardened and smoothed
20 bore surface improving operational performance of the disc drive by

reducing the generation of debris from the E-block when the E-block

engages the corrugated tolerance ring.

8. The method of claim 7, wherein the bore surface is aluminum.
25
9. The method of claim 7, wherein the-hardening member comprises a
ball.

10.  The method of claim 7, wherein the hardening member comprises a

30 roller burnishing tool comprising a plurality of roller bearings.



