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benefitDEE nlggﬁNStates Provi sional Application No. 60/ ,f@@&$ﬁﬁed
February 9, 2000. 5 Field of the Invention This invention relates generally
to the field of disc drive storage devices, and nore particularly, but not
by way of limtation, to a tolerance ring with increased hoop strength and
resistance to deformation. 10 Background of -the Invention Mdern hard disc
drives conprise a nmechani cal housi ng which encloses one or nore rigid
discs that are rotated at a constant high speed. Data are stored on the
discs in a plurality of concehOERANCEHIREN Gt WATKEHDG HOHOODP ay of
transducers (*' heads") nOUNSIRENGTH 3¢ RESRSST DRIOORMATIONeent of the
heads relative to the discs. 15 The heads are mounted via flexures at the
end of a plurality of arnms that project radially outward from an actuator
body. The act uatRe¢lateddypphicatatns about a pivot shaft, such as a vertical

post which extends upwardly.fromthe housing. e .post (s parallel w.th
Phe axi's of rotation bhsEPRiGHiSRElaues Pgen qﬂ@fﬁé%taég%vélrpwgam% ication
parallel wth the,sdtyf@cerofied repihsas 2089 Typically, such radial actuators
enpl oy a voice coil notor to position the heads with respect to the disc
surfaces. The voice coil notor includes a magnetic circuit nounted to the
di sc dr%ve housipg he coHL nounted on the side of the actuator body
opposi t® the head—gﬁggl%gnggﬁﬂb be i mersed in the magnetic field of the
magnetic circuit. WhemhisailchObd Q%t@-%dn@ﬁ‘llyh@tlﬁ&%@ﬂf@ibé@xlil@ﬁ'lstbﬁageG@@ibcs, aml 25
el ectromagnetic field is set up which interacts with the magnetic field of

the nagnetic cimexsRari@larkibet naidy veiy oftlignitabipe. o talesmee ine Vit prepsrd
wel | - known

hoop strength and resistance to deformation.

10 Background of the Invention

Modern hard disc drives comprise a mechanical housing which encloscs once
or more rigid discs that are rotated at a constant high speed. Data are stored on the
discs in a plurality of concentric circular tracks by an array of transducers (“heads™)
mounted to a radial actuator for movement of the heads relative to the discs.

15 The heads are mounted via flexures at the end of a plurality of arms that
project radially outward from an actuator body. The actuator body pivots about a
pivot shaft, such as a vertical post which extends upwardly from the housing. The
post is parallel with the axis of rotation of the discs so that the heads move in a plane
parallel with the surface of the discs.

20 Typically, such radial actuators employ a voice coil motor to position the
heads with respect to the disc surfaces. The voice coil motor includes a magnetic
circuit mounted to the disc drive housing and a coil mounted on the side of the
actuator body opposite the head arms so as to be immersed in the magnetic field of
the magnetic circuit. When controlled current is passed through the coil, an

25 electromagnetic field is set up which interacts with the magnetic field of the

magnetic circuit to cause the coil to move in accordance with the well-known
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act uat or jyyots about the post and the heads nove a@Q$ss i sc
surfaces.v‘b(?ﬁlﬁgﬁ14 manuf acturing of a disc drive, it is inpg{tantOB?ﬁag? t he

actuator assenbly be placed in the proper |location, centered on all three
axes, longitudinal, 5 latitudinal, and trandtational (x, y, and z) wth
respect to the discs. Typically, the actuator assenbly has a | arge bored
recess whi ch acdanemdadietsodhparAythegeil bears, nige acassa@nildy piwdthalkoupdierpost arbial |
bearing assenblies to accommpdate rotatjon of the actuator assenbly about

the z-axis. The B&PEIdS RAYCHEENSS Hif UXSWRBFS i ncl udes an i nner bored recess

to allow the actuaton,agseahbeding bf o AKEUrLAG: RiNBbiARSha (TR MR I ameter s
of the large bored recess and the Tnner recess are nmaintained within

predet er mi ned, cisosebly bk pland & thapgasr lokatial. ecetnrd oniatighrsgraxps longitudinal,

advant ageously ysed,t o, conpensat e r varjances of 1 art nufact.uri ng
tol era%es and ﬂﬁtfféldlrn@lf QP%R?‘PISZMWSL& yp%’éjizt%iwdﬁ]i Tqepest to{lﬁ%glsgsc'tfuﬁ%l%ar“ayaé]seenbl y
inall three axggalotRkeMblY hadd laffe BHréd fRbRNANEILaddORBT0 IR GFtridfe Beakng
corrugated sheet of netal fornmed into an open cylindrical shape. The

tol erance ring dssemifenviropdisoihrélcbearingagemhbiepiogecnaodatarotanen ¢ Yichel d
in position by an,anchori roogve in t | VoI : t:
actutagqr assemqj(-i’y AR NS, é}@g gﬁ gdlgg(fgg%g%%%sggwimcludcs an

appl i cations, the erance’ ring ser ng aid and

provi des no addiihh@maled rdbsk it@all@f tieracannglagicachlyaniuf @et Ureepivotfpostrpllar y
prior art tolerance ring configurations are disclosed in Unit%ﬂ States 20
Pat ent INo. 5, 3 1BABESTS| A dhfelaracdopehifRess 20 AN SEEES VISAPURLING. V42 86. 894

i ssued to Ronglpi?det&ﬂg%é{fmic%g?to%rﬁﬂﬁsraﬂrﬁem No. 3,838,928 issued to

Bl aurock et al. t houg y use t prior art tolerance rings fail
to exhibit adequate Aaodpraste engtin beHalypniggroaniytused & eonmeasaie Eorofarifungss of
grasping force bgat a tolﬁeran.ce rin

. ( > g is.C arbtlae t?]f exeerti n v%h(gnf%@gaged
with the pivot pospart gaghiagiugiggfelgra F??e?&gdﬁ%t EASEIE BEP §P?Séﬂ(éﬂ g0 cause
an inperm ssi bl e, e esAibIYAMERLe DREVWESRCAIRE pribPAeIARERe NG cBRdstdTR
pi vot post. Consequent placenent of the actuator assenbly
15 corrugated sheet of metal formed into an open cylindrical shape. The tolerance ring
is then provisioned around the post and stationarily held in position by an anchoring
groove in the pivot post. In most applications, the tolerance ring scrves only as a
manufacturing aid and provides no additional function after completed manufacture.
Exemplary prior art tolerance ring configurations are disclosed in United States
20 Patent No. 5,315.465 issued to Blanks, United States Patent No. 4,286.894 issued to
Rongley. and United States Patent No. 3.838.928 issued to Blaurock et al.

Although widely used. most prior art tolerance rings fail to exhibit adequatc
hoop strength. Hoop strength is a measure of the grasping force that a tolerance ring
is capable of exerting when engaged with the pivot post. Significantly. inadequate

25 hoop strength may cause an impermissible degree of movement between the
tolerance ring and the pivot post. Consequent placement of the actuator assembly
over an improperly positioned tolerance ring may cause the tolerance ring to foul or
be forced out of the anchoring groove.

Additionally, a tolerance ring with insufficient hoop strength is susceptible to

30 deformation during shipping and handling. Frequently as a result of mishandling.

the tolerance ring experiences a helical deformation in which the tolerance ring



over an inproperly positioned tolerance ring may cause the tol erance ring

to foul ayoobsosiprced out of the anchoring groove. Additi qfﬁ@ﬂ/ﬁéﬁolzﬁ’s
tolerance ring with insufficient hoop strength is susceptible to 58

def ormati on during shipping and handling. Frequently as a result of

m shandl i ng. the tolerance ring experi ences3a helical deformation in which
the tolerance ring WO 01/59314 PCTIUSOQO 28378 -3 "tw sts" about a central
axi s, thereby reHdests mpouhecentiabaas deerehymgndealgabs tdlerancestinpsesglesn for
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necessitating t&el hapdpegtddatesahe effiRidpay bStho@hMueachtipGREds BN nkdtkQiating
aut omat ed assenbly.. 5 With an increasing demand for inproved consistency in

the install ati onthgfinspeetigmpbihe padehefpreagirodyraion inte ayiomated asserabliui ng need
for thecdevel opnent ofy; { i i i I r ion
and whi ch exhi bi ts ingvrlglaasnelg&ﬁéo 8%@%@%&%%#‘??@%‘%&2@*‘.h%%%sgaﬁfeaﬁ%ﬁ?i
t hat the presentadtimt@rdssanblics, tereaemeits a LOntGuimgnsedddbr theelel slvpmtntaf aThe

present invention,is direct edlito a tolerapnce ring that praovides increased
C
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hoop strength ant&l‘%r%récie_é’c“éﬁﬁké b reiftantia deigamatan @}E’e‘ﬁlb‘lch £rlfitpipcragsddhqond
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extendi ng shaft, such as a post, efines an 15 actuator pivot axis. A
tolerance ring constructed in accordance with preferred enbodi nents of the

presenji inventio Lli ) pl tﬁd on tthe post so as to circunferentially extend
about ah outer M&%&. An actuator assenbly with an inner
bored recess is theregd presenpldesibrORidactBe PP ellerdfectiat thhfifotiabemanased i ng
is conpressed between the surface of the inner bored recess and the outer

surface of the puwp strongthisad ssistanad fa ¢fpimgioa. desi red nominal centering of
t he act uat or assenbl yA?P)?e% lf‘fﬂ:ﬁ by%)%f%f’%(?é E) A nfsxgai'sc Eplee Hl%?u%gia%%cdeck
configuration of the to erance ri grs selrected to provi de
which supports an upwardly extending shaft, such as a post, which defines an
15 actuator pivot axis. A tolerance ring constructed in accordance with preferred
embodiments of the present invention is placed on the post so as to circumferentially
extend about an outer surface of the post. An actuator assembly with an inner bored
recess is thereafter placed onto the post so that the tolerance ring is compressed
between the surface of the inner bored recess and the outer surface of the post,
20 thereby maintaining a desired nominal centering of the actuator assembly about the
actuator pivot axis.

The mechanical configuration of the tolerance ring is selected to provide
increased hoop strength and includes a substantially cylindrical base portion from
which at least one brace portion and a plurality of contact portions project. The

25 brace portion preferably extends along the circumference of the base portion and
preferably comprises either a circumferentially extending ridge or flange.

Various other advantages and features of the present invention will be
apparent from the following detailed description when read in conjunction with the

drawings and appended claims.




increased hoop strength and includes a substantially cylindrical base
portion ich at | east one brace portion and a pIur ont act
portions&%ﬁ@FE%? The 25 brace portion preferably extends %%Gﬁ%ﬁ%

ci rcunference of the base portion and preferably conprises either a
circunferentially extending ridge or flange4- Various other advantages and
features of the present invention wll be apparent fromthe follow ng
detai |l ed descri piricf Dewdrgnionedithd Dravangsunction with the draw ngs and
appended cl ai mrs. WO %i65?314 P /USCEY 8378 , -4 . Brief Description. of the
Drawings FIG 1 is a B AP IBY of 2 gis§ driyF iRFeTRREGIg b ﬁ?‘?&i‘ 'e
tolerance ring  GoRSkicUGh ﬁgcdrdi‘an%gQ@t‘h%%ﬁed"eﬁut}ocﬂﬁﬁfmﬁrorf@l% sekodifepis, of the
present invention. FIG 2 is an exploded view of a prior art disc drive
simlar to FIG | tol%Gi?isumtexptaled N@maﬁmmorlamm@weaslmdhlemdﬂ@l t$ ng
advant ageously 1 c'I't {es i nstall of _an actuator .asse .1ntp..a

i se dntve F cithpls ¢ EPahd it B s BerRe AR QBT T bl G
tol erance ring ofhn Edtﬁ‘moaas@&lgﬁglam&edlggam axis of rotation. FIG 4 is an
isometric view of a %IIOF art tolerance ri g design. 10 FIG 5 is a
cross-sectional vi ewF&@. 3 e gpssorectional vismeq ath%éctmtﬁga%?mkﬂlyandzto 199AYTING | ne
5-5in FIG 4. of a prior art tolerance ring
subj ected to d§¥g¥%a %gwggﬁ?%?gg&agggﬁhﬁg%hetr|c view of a tolerance ring
constructed in accor@aﬁwemz&ﬁywnmhcauiwbﬁdpmwﬁﬂhabkeﬂmemMQdkmgnt of the
present invention. §5 IS a cross-sectio view of the toler ncg

of FIA0 7 along Iinel898> isacrpgsgectonaryigw 1%*’%% Lo i"?qed”\ﬁ%\ﬂaﬁ‘f d"“"
tol erance ring gQpstyygiigdsi n accordance wth a second preferred

enbodi ment of the present invention.
FIG. 6 is an i1sometric view of a prior art tolerance ring subjected to

deformation.
FIG. 7 is an i1sometric view of a tolerance ring constructed in accordance
15 with a first preferred embodiment of the present invention.

FIG. 8 is a cross-sectional view of the tolerance ring of FIG. 7 along line 8-8
in FIG. 7.

FIG. 9 is an isometric view of a tolerance ring constructed in accordance
with a second preferred embodiment of the present invention.

20 FIG. 10 is a cross-sectional view of the tolerance ring of FIG. 9 along line
10-10 in FIG. 9.

FIG. 11 is a graphical comparison of the hoop strength exhibited by the prior
art tolerance ring of FIG. 4 and by the tolerance rings of FIGS. 7 and 9 constructed
in accordance with the present invention.

25 FIG. 12 is a graphical comparison of the resistance to deformation exhibited
by the prior art tolerance ring of FIG. 4 and by the tolerance rings of FIGS. 7 and 9

constructed in accordance with the present invention.

Detailed Description

30 In order to provide a detailed description of various preferred embodiments

of the present invention, reference is first made to FIG. 1, which provides a top plan



20 FIG 10 is a cross-sectional view of the tolerance ring of FIG 9 al ong
l'ine ()Wg)(1 @G 9. FIG 11 is a graphical conparison gfr

strength ex |sglted by the prior art tolerance ring of FlgiE @g %9@3 t he
tolerance rings of FIGS. 7 and 9 constructed in accordance with the
present invention. 25 FIG 12 is a graphi cald conpari son of the resistance

to defornmation exhibited by the prior art tolerance ring of FIG 4 and by
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with a host conﬂ@ﬂéﬂhom lnrpa@nécut@\aa)r {askioor @ocﬁ@mtqsewh by basgsdack d42 & foTean
di sc dr.ive 100 |ln gludes . a, é)na\t/s% deﬁtkf é}z .10 \M‘ll ch various conponents of the
di sc d|5| ve 100 are u%at K PB’S oSV (eshown in partial cutaway

fashi on) cooperates \Miﬂindlhalob@qehdiﬁcgenbeazlytem 106y igpadvidedi toremieal pluseiat ed
environment for the disc drive. A spindle notor éshown general | g}tat 106) is

provided to rot a%@llé-abgmdarlgtdyrr@gneta:xrnegﬂrﬂylgadwcgd 8 at 3 FEJISEANt Helgeibt (i
recordi ng discs ]Qpége% 0 i ons
per m nu?e) as |h:10 cate ﬁ@%’?‘?h @J(Tgfé)&(n(dl g':tdta ar e%qé?tpeséfe%/agé gﬁtﬁd r ead
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act uat r assenbly 110, which rotates, about beari ng shaft as Ly 112
posi t i!8ned adj aééﬁ?tuf‘tﬁéaﬁls’? Y higgw J&é‘raiaé%&ge F‘ginh t?sé‘?‘lé‘glﬁ & ring

constructed in éﬁﬁ%éﬁ%fa%emthé‘dﬁésef@ r@?d@éﬁ%@éﬂ BB S @ferde re@98Qtucted
invention is advant ageously used to l'ocate the actuator asserﬁ% ly 110 with

respect to the ihasediaoke WOB pref&réthembatimants of degeedshyinydidionigl udes a
plurality of ri gdvan a%%gl?s y use t(r)r?ocafle the actuator assembly 110 with respect to the
basedeck 102.

15 The actuator assembly 110 includes a plurality of rigid actuator arms 114
which extend toward the discs 108. A plurality of flexible suspension assemblies
116 are attached to the distal end of the actuator arms 114. Mounted at the distal
end of each of the flexible suspension assemblies 116 is a head 118 which includes a
slider assembly (not separately designated) designed to fly in close proximity to the

20 corresponding surface of the associated disc 108. The heads 118 are preferably
characterized as giant magneto-resistive (GMR) heads each having a thin-film
inductive write element and a GMR read element.

For reference, it will be understood that the radial position of the heads 118

is controlled through the use of a voice coil motor (VCM) 120, which includes a coil

25 122 as well as a permanent magnet 124 which establishes a magnetic field in which
the coil 122 is immersed. A second magnetic flux path is disposed above the
permanent magnet 124, but has not been shown for purposes of clarity. The heads
118 are moved across the surfaces of the discs 108 through the application of current
to the coil 122. When the disc drive 100 is not in use, the heads 118 are moved over

30 and come to rest upon landing zones 126 near the inner diameter of the discs 108

and the actuator assembly 110 is secured using a magnetic latch assembly 128. A



whi ch extend toward the discs 108. A plurality of flexible suspension
assenbll B4are attached to the distal end of the act 114.
Mount ed at ?#39 dl stal end of each of the flexible SUSpenSIHQER];SgdSHe ies 116
is a head 118 which includes a slider assenbly (not separately desi gnated)
designed to fly in close proximity to the -Z0 corresponding surface of the
associ ated disc 108. The heads 118 are preferably characterized as gi ant
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voi ce coil motortMGM. 120, which includes a coil 25 122 as well as a

per mmnent magnet 124 which establishes a magnetic field in which the coil
122 is imrersed. A s&@dmcmmmﬂvcoﬁmam ipathich retirsg esdddmpuveoti the present

per man gnet 124 not be of clarit
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use, the heads 118 are noved over 30 and cone to rest upon |anding zones

126 near the i nher clarigheefeenes nyrheralgifes FIQ8 argmeed ind’ 169t dands fassewsry 110
i's secured usi n%o%pgxﬁ& set| c latch assenbly 128. A WO 01/59314
PCT/ USOQO 28378 ex assenbly 130 provides the requisite electrical

connection paths for Asdshoaatin@lGr2, ageserid axtchli® frohi the batddewdt NP i dedibhalan
novenent of the actuator assenbly 110 durin 8 operation. To describe an
envi roient i n RRVBIRT pHet &¥F 68 tlé%%aﬂlﬁﬁéﬁwl fleLHé”lb?b 08 AELUABT AFGRNY on can

be advant ageouswtaéggb%ﬁ assehBR. a%o@&qurlhé] {mtl%fegge%aé a usﬁ%cgfm@) o

t ol erance rlnglnt prior art to retain a uator during assenbly
the disc drive. “afelrsuppant’ i)tlyplacafzfroemrbélermuweslaifzmeforfdm;ﬁisGlﬂ axaitéeustedlm

FIGS. 2 and 3 for L one As showg in FIG . 2 post. 132,
extends fromt héssﬁﬁg’gd @L‘Si ingerly fqvﬁ’éthﬁrI?OStll aéfol‘]&’cr%srs’oﬁl (\fgll’ ta?%r@“(‘ilH]Et he
z-axis direction}s abQien MY SRt {ICarRICHY B4R RGN ¥ssembly 112 serves to maintain
15 the actuator assembly 110 in a desired relation to the actuator pivot axis during
precise manufacturing processes. thereby improving the accuracy of the actuator
assembly 110 during subsequent operation.
FIG. 3 provides a cross-sectional view of the actuator assembly 110 after
installation onto the post 132. As shown by FIG. 3, the cartridge bearing assembly
20 112 comprises an inner sleeve 136 (with inner bored recess 138). an outer sleeve
140, and a pair of bearing assemblies 142 disposed therebetween. The tolerance ring
134 pressingly engages the inner bored recess 138 and the outer surface (not
designated) of the post 132. While the embodiment of FIG. 3 shows a press-fit
between the outer sleeve 140 and the actuator assembly 110. in an alternative
25 embodiment, a second tolerance ring (nominally similar to the tolerance ring 134,
but having a corresponding larger circumference) can be provided between the
outer sleeve 140 and the actuator assembly 110, as desired.
For purposes of illustrating various operational advantages of the tolcrance
ring of the present invention, FIG. 4 has been provided to show an exemplary
30 tolerance ring 144 formed in accordance with the prior art. As will be noted from

FIG. 4, the tolerance ring 144 is formed from a nominally planar piece of material



rotates. During assenbly. a tolerance ring 134 (also referred to as a

"spacer w’ong'/s' Qr axi al support") is placed around the ou e of the
post 132 an ?%e actuator assenbly 110 is then inserted g@@ﬁ%&%ost 132.

Conmpression of the tolerance ring 134 between the post 132 and the
cartridge bearing assembly 112 serves to mami/mtain 15 the actuator assenbly
110 in a desired relation to the actuator pivot axis during precise

manuf act uri ng ptlocéssased tolterfated aroypdavposg(or btheacylurdacyl mémbérg &b¢ wddrance
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an alternative 25 enbodi nent, a second tol erance ring énorri nally simlar to
the tol erance rMigh resad suniages fay progechinverdlesasonel] prafssd gefaces FIE‘gnf erence)

can be provided sﬁ%%%$£%g§ ect w%q{illysalnﬁ%\ﬂﬁwérégl iﬁ”&g althfia HAatioh. assenbly |

10, as desired. ~pur S ustrating vari ous operational advantages
of the tolerance ri mgclotonitha porteseldts df niwepidrant, tolekd@ce inpd 44 heen gprapaliyded

to show an exenpl ary .30 tol erance, ri 144 f I d iLth.th
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that is curved t itted around a post (or other cylindrical nenber).

The tol erance gl Ea 5 includdes coumtt awtaqedrivdrieh maBit{ing diecct efingtedtt beas
subst anti al ly CHPRRUIELroRRLEeSirERer o FH The Contact portlons 146 are
shown in FIG 4 to proifeg nbdb &l Yo, QHEWR kN isthd pribr s (Rehh@hames from
the interior of the tolerance ring 144. However, it wl| be
15 exhibiting deformation from installation or handling. The deformation causes the
end portions of the tolerance ring 144 to "twist," thereby creating a slightly spiraled
structure. Additional common structural failures include bending (crimping),
flexing (stretching) and buckling (not shown in FIG. 6). These and other
deformations may occur during shipping and handling of the tolerance ring 144,
20 during installation of the tolerance ring 144 onto the post 132 or during placement of
the actuator assembly 110 about the tolerance ring 144. Insufficient hoop strength is
a significant cause of structural failures in prior art tolerance rings (such as 144).
Turning now to FIG. 7, shown therein is a first preferred embodiment of a
tolerance ring 152 with increased hoop strength. Like the prior art tolerance ring
25 144, the tolerance ring 152 is formed from a nominally planar piece of matcrial and
includes contact portions 146 which are evenly spaced around, and which project
from, a substantially cylindrical base portion 148. Each contact portion 146 includes
a contact surface 150 which is used to distribute the force applied by the ner sleeve
136 of the cartridge bearing assembly 112 during installation of the actuator

30 assembly 110. Although four contact portions 146 are depicted in FIG. 7, it will be



recogni zed that alternative configurations known in the art include

t ol eranc%v(?bﬂgbgu wth raised surfaces that project i nvvardIP)éT/liasg MEhs as
rai sed surfaces that successively project inwardly and outwar Py in an

alternating fashion. Each contact portion 146 of the prior art tol erance
ring 144 has a generally 10 rhonboi dal cros%=sectional shape extending
| engt hwi se, as shown in FIG 5 which represents the view along line 5-5 in
FIG 4. More parundetstadlthat althmatonh@aberpand camiguidionobf Ednfact poitioak Lidlesrea
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i ncreased hoop strength. Like the prior art tolerance rin 5,144, the
tol eralte ring f@ﬁtefrgﬁartssfﬁéral%rtgmbg%ﬁaﬂvwa|1|5§ HPHRE ww@é{%ﬂ“sfr%%ﬁ?arc and

i ncl udes cont acty,peftd OsoribRoMideh 138 Bfﬁl\ﬁ&'ebén%)ﬁﬁz_?%ﬁrF’Man@@a‘é’mgq‘xh
project from a substantially cylindrical base portion 148. Each contact

portion 146 i ncltuatepori@orc bt @old spirdlgcstehd @longithhcirgimiswdcd of Wk stletiabut eng he
force applied by,

192 durthg | nst Aratrbieare e Rspctay ol MTEeR Ryt Y
contact portiongrd46oatfiéhsdenidetiag thekafe@roductibh st lahd BOm¥Re Q48 98dsdruction
PCTI USCQO 28378 -8 understood that alternative nunbers and configurations
of contfact port inaeridlagediogrticulate the balance of the features on the tolerance ring 152.
With reference now to FIG. 8, shown therein is a cross-sectional view of the
contact portion 146 and brace portions 154 along line 8-8 in FIG. 7. From FIG. §, it
can be seen that each brace portion 154, or ridge, comprises two steeped sides 160
which intersect one another at an apex 162. To avoid interfering with the proper
20 function of the contact portion 146, the apex 162 should not outwardly extend
beyond the contact surface 150. That is, the profile of the brace portion 154 should
be smaller than the corresponding profile of the contact portion 146.
Turning now to FIG. 9, shown therein is an isometric view of a second
preferred embodiment of the tolerance ring 152 with an alternate brace portion 164.
25 In the second preferred embodiment, each brace portion 164 comprises a flange,
disposed at either the top edge 156 or the bottom edge 158. Of course, although two
brace portions 164 are depicted in FIG. 9, it will be understood that use of a single
brace portion 164 is also encompassed by the present invention. Preferably. the
brace portions 164 are formed during the same production step and from the same

30 construction material used to articulate the balance of the features on the tolerance

ring 152.



enconpassed by the present invention. The tolerance ring 152 aI so incl udes
two bracquppiiddsps 154 which extend along the circunf ere dﬁ
tolerance ring 152. In the first preferred embodi nent epl cte in FIG

7, the brace portions 154 conprise circunferentially extendl ng ridges and
are disposed parallel to, and in close proxifity with, the top edge 156 and
bott om edge 158 of the tolerance ring 152. Although two brace portions 154
are depicted, it w |TurbmgunsetodtiGod, tshatvn fileanen ioa cross- eectioazderiqsmofihens 154

could be incorporated h h |.eranc r|n 152 ddi ti onal.l esent
ovent on 10 cordafst sorbtn 136 s Eaae Bkt Bohigns 166 OF B ybkelind Fo RO SS

par allel relatiqnad.o. %eavoidlﬁte?ﬂﬁﬁg 150 (RE px%%&rt&lﬁﬂn%dﬁ!&m & nect fdi'@estHi’fl tgé ance
ring 152. For exanple, a sin brace portion 154 could spirally eéxtend

al ong the cir curdoatashpestioh lﬂaéhct biiaes portien i phghould potfaupwandheexte keaged 186 t o

t he boti om edge 15 ferred e race porti
during the sane Cf))Po rfagﬁeé(?eﬁﬁ%ﬁsd e er%ﬁfl[ Cée%%&g @SE)S?CGLPC? TUR ]?g Sho@érbfal

used to articul dts thdi‘rﬁthb@lr@meere@fedttiy&hé eaitavt @srtons {4& tol erance ring 152.
Wth reference nowto FIG 8, shown therein is a cross-sectional view of
the contact portion Referring dioprtaddGpbltshowa thesein iy %)E’ijiph’icﬁlec()@“@rlﬁ?ﬂﬁ e 7.

FromFIG 8, it

conprises two stheogg@gp'g%tges R%%?ﬁ%ﬁ??ﬁo?%?g?g@g{é% e an tpﬁgsren{e'd ﬁcué\fneex
162. To avoi d i rit6d) hed bynthewbletantdiang i SbesnsBictbdincidcordande whk tleontaat
portion 146, the a 62 shou not ext nd beyo he .cont act
Surfack 150, ThaPvengo ﬁherea?laﬁ% gkcwwe?ﬁé)“@fhgé e Piohfors p@ﬁs%fl%flm%é Y-
smal | er than th%xfsolrds%ﬁegeﬁmeraﬁv% fofeeWkeliltEb SRR AELNBOFihEOMU41462 aTHhEeNI NG
nowto FIG 9, shown therein is an isonetric view of a second preferred

enbodi nent of t rdeamfctbxewfahceosﬂla@ incbeased alonghe at-axey hit eTliyrrablevg)bmn grengy.

25 In th d 4 enb o8
fl ange, gi zggggd’ 215 etrr"f[{gf r’?’ﬁé??%ﬁg&&eevfég‘teg{b%ﬁ@%g:glilil%}%loga %bli% “ ses a

course, alt hOUghoIte%ce thstﬁmp%ﬂ hidad 2 8éricdloF pdeRil 82 @GkthiiAcrEmentaly 1ﬂcﬁcdéddg| be
understood that use of a sin brace portion 164 is al so enconpassed by

the priésent i nvekameers. Prséheglamegpr of the popr BZengrsnses.dhe ameuntpf @raspigelgree
during the same egeged&%: ! %h% r-11'1ttsed %Zlerange rfnggosnl]44h Ps 28 increases.

A comparison of curves 166 and 164 reveals that the inventive tolerance ring
152 (constructed with at least one brace portion 154,164) exhibits a greater hoop
strength than the prior art tolerance ring 144. The improved hoop strength is
20 especially important in the lower range of grasping force where too little grasping
force results in a tolerance ring that loosely engages the post 132. As mentioned
above, a loosely fitting tolerance ring may foul or slip from its intended position
during the subsequent installation of the actuator assembly.
Turning now to FIG. 12, shown therein is a graphical comparison of
25 deformation resistance exhibited by the prior art tolerance ring 144 (represented by
curve 172) and the tolerance ring 152 constructed in accordance with the present
invention (represented by curve 174). The deformation curves 172,174 arc plotted
against a deformation axis 176 and a force axis 178.
The comparison of curves 172, 174 reveals that the tolerance ring 152
30 (constructed with at least one brace potion 154,164) exhibits a greater resistance to

deformation caused by an externally applied force, such as, for example, from



30 construction material used to articulate the bal ance of the features on
the tol egRefsosfd N 152. WO 01/59314 PCT/ USCQ 28378 -9 TrphRgonR_Y¥s to FIG
10, shown therein is a cross-sectional view of the contact portion 146 and
alternate brace portions 164, or flanges, along line 10-10 in FIG 9. To
avoid interfering with the proper distributiln of contact forces by the
contact portion 146, the brace portion 164 should not outwardly extend
beyond t he 5 conhmbindingfoadenilinéalldtat ofitbe adtiveopassdmble 1d Heatlddufdytiche brace

portions 164 shauld be, |ess tha he profil reated b e, cont act
orti one 146, - RAMEFIRREHGM GUET S doerevSnbuly SERAHren 1 gh mragran tha

conparison of thge if@ARFIMENSE Be@¥ aiird R a?iéliéd"f%r&r dn@lis Aloke %ﬁh@il%ﬁkﬁﬁthéi ng
144 (represented by curve 164) and by the folerance ring 152 constructed

i n accordance widefornhtiopresdised by Gieipmive artitolarapeepnesehtléavibpe vndwetood@)at The
curves 204 100 B8R0 8, SRSl ol SRR SRSV P

force exerted byt Thé aneter e “post

132 increases alipWIGENEl andabd lsavé Hlen dhigoé@ledtsbmewhaap nsdre ergiinslcmohsitdie
tol erance rings 144, 152 are evaluated by fitting dinensionally simlar
tol erance rings thadiffereseythgighatweeBerj es” of posts 132 with increnental |y

i ncreasi ng 15 di anet : Lanet.er L ner -
anount of grasping fgglgleev&g&%lr@? %xghglgg’tlﬁ(e&]ﬂ? F?‘%Vg)g u’? g%étf éér};ghealt %@?ﬁiﬂlv EIT(EO]
al so i ncreases. iAdcenghtol sstoterafce cungwas cll piovaies inkbehsedveml sreh fithtwlidnefitted

i nventjve tolerance rin 152 (c tructed with at | east one Qrace portion
154, 164 exhi bi 39O L FRNAEY PRS pxgé‘ﬁlf’éﬂ&fﬂletlﬁé?i’“tvﬁéo}ﬁrraflﬁer“’é% ’F’Htlgltseff"gnce

ring 144. The inpeeyed daemcsts 808khadc idhesRaatabl # igpreataet. in the
| ower range of grasping force where too little grasping force results in a

tolerance ring that lloeseirgaengagggeichedgodbodhd2is, Atolarntd omeduclabol®,) a
|oosely 1111 v oL et anct M oY LobL ., S by (LML, \tendel posi 1 on
FIG 12, shown tspgieBiaPart SoRadRRNIRUKAINAG) ©ORIIPExtend. Each contact portion

15 has a contact surface (such as 150) which distributes the forces exerted during
installation of an actuator assembly (such as 110). The tolerance ring 152 also
includes a brace portion (such as 154 or 164) that extends along the circumference
of the base portion 148. Preferably, the profile of the brace portion 154, 164 is
nominally less than the profile of the contact portions 146.

20 For purposes of the amended claims, the term “means for increasing the hoop
strength” will be clearly understood as corresponding to the brace portions 154, 164
of FIGS. 7-10 and will explicitly exclude as nonequivalent structures the prior art
structures shown in FIGS. 2-6. The term “hoop strength” will be understood
consistent with the foregoing discussion to describe the ability to resist deformation

25 of the tolerance ring in response to handling or installation.

It will be clear that the present invention is well adapted to attain the ends
and advantages mentioned as well as those inherit within. While the presently
preferred embodiment has been described for purposes of this disclosure. numerous
changes may be made which will readily suggest themselves to those skilled in the

30 art and which are encompassed in the spirit of the invention disclosed as well as

defined in the appended claims.



25 deformation resistance exhibited by the prior art tolerance ring 144
(represe curve 172) and the tolerance ring 152 co LN
accordan(r?gg\g\}/%l"t he present invention (represented by cumf@%g'l%‘he
deformati on curves 172,174 are plotted against a deformation axis 176 and
a force axis 178. The conparison of curves-1712, 174 reveals that the
tol erance ring 152 30 (constructed with at | east one brace potion 154, 164)
exhi bits a great®hafesishadee to deformation caused by an externally
applied force, such as, for exanmple, from WO 01/59314 PCTIUSOO 28378 - 10
m shandl i ng or from i hst al fdPieERCSINE FEcHRictRRtially edeatie gbott @1 245t hough t he
i nventive tol er%?r?pﬁfsiid’gg 152 does eventually deform (curve 174), it is
significant that the 1hitial deformation occurs at greater applied force
and is nore gradual tasubstangallydeflmdedlibese petdn exdndiyg timexipk iengthatdng the
tolerance ring 144. It wll .be c%\daﬁr?iq%gﬂb%)hat 5 the scale and deformation
characteristics of the resPetitRAH o h§&X¥¥44, 152 in FIGS. 11 and
12 have been exagger a} glra3@"BijAted &HafioBtael Stibys WELRPEdjEAairst hgial
di fferences therebetween. In view of the foregoing, it wll now be
under st ood that the presendistansectiorhdlre basg paitioacwhereinohe plustlity @heentaging
whi ch provi des increased hoop strengt en fi.t 0 i.Qpary
post. Additionally, the i n%ogﬁ?rilsvcé)of) %Iale}‘r/%hg@ V?’limngl%cegﬁ%ﬁ %?qgg}{gonﬁe?%ﬁ%g ed
resistance to deformation éngagden phessinfaee of a st aRpibeedithanaaterlstorface of a
accordance with preferred enbodi nents, a tolerance ring (such as 152) has
a subst@ntially cylindricalcconk@emsen apdh (such as 148) from which a
plurality of' space : ,QF : i : nd.
Each contact porti ondal%Bﬁlgge %9%} ta{gl?%%érh 1&2%3&?%{5%@%5%@5 E%t?# i
di stributes the forces exewhiel pehjedtnfromiths badelpatticona sfcomdhragct] dastaonce &ssenbl y
(such as 110). The tolerance r,i 15@i |.so includes a brace porti.on (such
as 154 or 164) that exten a‘éﬂﬁﬁgﬁtrﬁ a@‘ihﬁté‘ﬁ‘fﬁt@r”éﬂﬁ%ge ﬂbefh‘forli’emﬁg%% BN i on
148. Preferably, the profidg9fctipg brace portion 154, 164 is nomnally
| ess than the profile of the contacCt portions 146.

15

2. The tolerance ring of claim 1, wherein the brace portion comprises a

circumferentially extending flange disposed at a top or bottom limit of the height.

3. The tolerance ring of claim 1, wherein the brace portion comprises a
20 circumferentially extending ridge having an apex formed by the intersection of two

steeped portions.

4. The tolerance ring of claim 3, wherein the circumferentially
extending ridge is disposed at a selected distance above or below the plurality of

25 contact portions.

30



20 For purposes of the anmended clains, the term"means for increasing the

hoop st w |l be clearly understood as correspondi brace
portioné&ﬁgﬁ%a¥ 4 of FIGS. 7-10 and will explicitly exclg éb§%%3§m

nonequi val ent structures the prior art structures shown in FIGS. 2-6. The
term "hoop strength” will be understood cohdistent with the foregoing

di scussion to describe the ability to resist deformation 25 of the
tolerance ring in regponse #igc Bandlcomgrisingi nstal lation. It will be clear
that the present invention is well adapted to attain the ends and

advant ages menti oned 328se48fl; as those inherit within. Wile the presently

preferred enbodinenta@gﬁﬂﬂgﬁgkﬁﬁaﬁﬁhggﬁPhgﬁxﬁg#ggses of this disclosure,
e e [ W

nuner ous changes nmay na readi |y suggest thenselves to
those skilled in thea3scauppatad oashthe bpiadle nerioofvp assteeh about hdisspkisi t of the

i nvention disclosed as wel] as defined in the.appended clajns. WO 01/59314
PCT/ US&Qy 28378 - 11- a\m%‘.tea#@ a&i“&?‘)ﬁéﬁsel“g’}y yhie Pf@%@ﬁaﬁ’r‘@@“&% %bgﬂ% adcethe
circunferentially extendi RgscapUbadr a¥kmbly ERMY d &nhdl aRredSitRRK idlck Y
cylindrical base portion extending an axial  length along the 5 axis and a

radi al |ength about the asigacea plurality of spaced apart contact portions

which project a first radial _ dist fromthe hase orti ip th
plural [ty of contact ® S ER B0 SURRT Gt b & ARy AR Rk oAy IR 5

mechani cal ly engage an i Riifg¢h &firkaaR a@thator Alis BémimRMPGaraVel b thndioehes; and
surface of a 10 second nenber; and a separate brace portion which
circunerential |y exedplgmnapung cempressingly gisposagrhebmessrtbe Bwesand gHet wefapes e

portion a second radi al ditg %\%ﬂﬁﬁtgle %?tg?tgli QS%QmEB@fRIgH‘(ﬁ;onra%gL@'Jhe QEé’ﬁ,ance to

i ncrease the hoop strength o rance ri
comprising:

a substantially cylindrical base portion extending an axial length

along the actuator axis and a radial length about the actuator
15 axis;

a plurality of spaced apart contact portions which project a first radial
distance from the base portion, wherein the plurality of
contact portions cooperatively act with the base portion to
mechanically engage the inner and outer surfaces; and

20 a separate brace portion which circumferentially extends about the
actuator axis and which projects from the base portion a
second radial distance less than the first radial distance to

increase the hoop strength of the tolerance ring.

25 6. The disc drive of claim 8, wherein the brace portion comprises a

circumferentially extending flange disposed at a top or bottom limit of the height.

7. The disc drive of claim 8, wherein the brace portion comprises a
circumferentially extending ridge having an apex formed by the intersection of two

30 steeped portions.



15 2. The tolerance ring of claim1, wherein the brace portion conprises a
C|rcunferent|all extending flange disposed at a top or bottomlimt of the
hei ght . ‘%/ol erance ring of claim1, wherein the br Z&G9P28358
conprises a 20 C|rcunferent|ally extendi ng ridge having an apex forned by
the intersection of two steeped portions. -43-.The tol erance ring of claim
3, wherein the circunferentially extending ridge is disposed at a sel ected
di stance above or belgw thgypd kU@tll\'/etdfc‘Mlm £ WHRH ﬁfétm&gﬁl?ér@ﬂ?@ally@te\ﬁgn

01/ 59314 PCT/USOO/28378 -12 5. disc drive, conprising: a basedeck; a
spi ndl e not or supb@nséup@ndmheS@a@e@é@kmcewmwsorbdpwdh¢aundﬁypﬁensgﬁndle
notor for rotation.about a disc axis; 5 a noveabl e actuator assenbly which
pivotally suppoﬁfgn%mhead adj acent t he di sc, the actuator assenbly having
a central aperture with an inner surface; a stationary shaft supported on
t he basedeck having an outer surface and which defines an actuator axis
nomnally parallel to the disc axis; and 10 a tolerance ring conpressingly
di sposed between the inner and outer surfaces to nount the actuator
assenbly for rotation about the shaft, conprising: a substantially
cylindrical base portion extending an axial length along the actuator axis
and a radial length about the actuator 15 axis; a plurality of spaced
apart contact portions which project a first radial



di stance fromthe base portion, V\:hE{ in the plurality of contact portions
coopekdd bivssys act with the base portion to nechanical | pCEUgen283The | nner
and outer surfaces; and 20 a SqR8DIpCBA®AS portion which circunferentially

extends about t fe ;3G by alAhte@NtichaPBideatdtinan APropemi($1.04.0m t he base portion a
second radi al distancebgsicidiflan 4 Band 8 kfidndeddriginadli st ance to increase the

hoop strength of the toLgl,ANCE ¢ dndT-cakcelbd; (I Psged SC drive of claim 8,
wherein the brace portj L | '

on conprises a. cir ' stendi ng flange
di sposed at a topt-or b‘%t“iﬁﬁ‘ﬁ?‘? W&c%mﬂ?@y%ﬁ%g%ﬁ&#%ng%&c drive of
claim 8, wherein the brace portion conprises a circunferentially extending
ri dge havi ngcomprigex forned by the intersection of two 30 steeped
portions. WO 01/59314 PCTIUSQQO 28378 -13 8. The d sc. chigvgngn %eai m 8,
wherein the circuafubstantially ¢yjindrical hasepgriion; extrRding ag2Xisf\engt & 'S¢l ect ed
di stance above or below the plurality of contact portions. WO 01/59314 14
PCT/ USOO'28378  AVENDE&iChndl Aad{al lengthaboutidhe 248 | nt er nat i onal Bureau on 11
April 2001 (11.04.01); original clainms 1, 4, 5 and 8 anended; original
clainms 2, 3, 6 angpiwAlRyeeipacsl apait congeortidns whichoprejeatrrst radigl -
circunferentially extendi ng about an axis, conprising: a substantially
cylindrical base porti gRigdd 6 ithobaa8 pevtion) whereigte gimality afltentag@ axi s and a
radi al | ength about the axis; a pl urari ty of spaced apart contact portions

whi ch project a first paghal coofbrdtiddlg Sctviliihe baseiaornomicchmicaliyer ei n t he
plurality of contact

engage an inner surface of a first member with an outer surface of a
10 second member; and
a separate brace portion which comprises a circumferentially extending
ridge having an apex formed by the intersectin of two steeped

portions, the separate brace portion circumferentially ;gxtending

Pt

about the axis and which projects from the base portion 2 second
15 radial distance less than the first radial distance to increase the hoop

strength of the tolerance ring.

4, The tolerance ring of claim 1, wherein the circumferentially

extending ridge is disf:oséd at a selected distance above or below the plurality of

20  contact portions.

5. A disc drive comprising
a basedeck;
a spindle motor supported on the basedeck;

25 a disc supported on the spindle motor for rotation about a disc axis;

AMENDED SHEET (ARTICLE 19)



portions cooperatively act with the base portion to nechanically engage an
i nner sukd&eHselfs @ first menber with an outer surface of J-rAdessR98d
menber; and a separate brace portion which conprises a circunferentially
extending ridge having an apex for rreg by the intersectin of two steeped
portions, the separate brace portion Precunferenti ally extending about the

axi s and whi ch proj ga{oedt O M6k RentblP WhichPivotalBaappsitslthdaddijatenditet ance
| ess than the first radial distance to increase the hoop strength of the

tolerance ring. 4. The t &rtﬁé‘&?uﬁér%seﬁiblfﬁ;ﬁjﬁg@ deent¥aPdpRitiiretwich an inner
se

circunferentially extending ridge is dispo at a selected di stance above
or below the plurality o% fa%g contact portions. 5. A disc drive conprising

a basedeck; a spindle mot'or Supported on the basedeck; 25 a disc supported

on the spindle notor far rotation abgut i S LS. T

(ARTI CLE 19) WD 01/ Sé@ﬁan%ﬁ"lﬁs%ﬂ’%‘g‘%f‘é‘ tﬁ"lg"sﬁ&ﬁgé@‘t}? élé a%cﬁ{yuugaégga?yg'?éenbl y
whi ch pivotally supports a head adjacent the disﬁ’ 'gg{;g atc%lga .0r _assenbly
having a cehtral aper t ur ®highidefings anaqmator ags pomnally parallel 1 eré}scs%é%’t
supported on the basedeck having an outer surface and 5 which defines an
actuator axis nominally pedallel to the disc axis; and a tolerance ring
conpressi ngly di sposed between the inner and outer surfaces to nount the
actuator assenbly f etolemnee ringconpessinghedisiead betweanihe ingiehgnd outer

surfaces to mount the actuator assembly for rotation about the shaft,
comprising:

10 a substantially cylindrical base portion extending an axial length
along the actuator axis and a radial length about the actuator
axis;

a plurality of spaced apart contact portions which project a first
radial distance from the base portion, wherein the plurality

15 of contact portions cooperatively act with the base portion to
mechanically engage the inner and outer surfaces; and

a separate brace portion which comprises a circumferentially
extending ridge having an apex formed by the intersectin of
two steeped portions, the separate brace portion

20 circumferentially extending about the axis and which
projects from the base portion a second radial distance less
than the first radial distance to increase the hoop strength of

the tolerance ring.

AMENDED SHEET (ARTICLE 19)



10 a substantially cylindrical base portion extending an axial |ength

al ong j[hgv Ldsafor axis and a radial |ength about the act ?E{[Rfsoql%jlss; a
plurality of Spaced apart contact portions which project afirs radi al

di stance fromthe base portion, wherein the plurality 15 of contact
portions cooperatively act with the bége portion to nechanically, engage the
i nner and out er surg.aTksdisediive of chip &y whereib frecircpoferdntiallyeitendingdifsei ses a
circunferentially extending ridge having an apex fornmed by the intersectin
of two steepefl doldduds selbdied distdeabeveurdelowithe plumlity’6f contactperteonent i al |y
extendi ng about the axis and which projects fromthe base portion a second
radi al distance less than the first radial distance to increase the hoop
strength of the tolerance ring. AVMENDED SHEET (ARTICLE 19) WO 01/59314
PCT/ US00/ 28378 16 8. The disc drive of claim5, wherein the
circunferentially extending ridge is disposed at a sel ected distance above
or below the plurality of contact portions. AMENDED SHEET (ARTI CLE 19) WO
01/59314 PCTI USOQ 28378 17 STATEMENT UNDER ARTI CLE (19) C aim 1 has been
anended to include the limtation of originally filed claim3, nore
specifically, the brace portion conprising a circunferentially extending
ridge having an apex. The prior art reference, British Patent No.

1,036, 181 issued to George Angus & Conpany Linmted, teaches a tolerance
ring. Specifically, on page 2, lines 70 through 82, the British Patent
teaches the devel opnent of a second brace portion

AMENDED SHEET (ARTICLE 19)



which radially extends |less than the first brace portion. However, the

British Raf@mbs4fails to disclose the second brace portio '
extendi ng ridge having an apex fornmed by the intersectiogcg/?]\é{)d}m%sgleeped

portions, as now clainmed by claim1, fails to suggest or otherw se
notivate a skilled artisan to arrive at the clainmed conbination of claim
1. daim5 has been anended to include the limtations of claim7, nore
specifically the brace portion conprising a circunferentially extending

ridge having an apex. The WHQTEMENT ¢NDERMREICIERY 717 A2 teaches a
tolerance ring for use in a disc drive, and British Patent No. 1,036,181

teaches the use a EERODHaIBRRAMRAGL Bncilll GOTRAIGH dpboripilRYFied Qi 4, han

the first brace portion. However, these prior art referencés do not teach
t he second brmaere spesifidadly, thabracg pamionxompdsing a circigefeteatipllyextendingyadees or ned

by the inter %%gltnig%xq a%gx.t'fﬁ)e Ertlo%e ergfepe%%,ié)rﬂish Patent No. 1,036,181 issued to George
Angus & Company Limited, teaches a tolerance ring. Specifically, on page 2, lines 70
through 82, the British Patent teaches the development of a second brace portion
which radially extends less than the first brace portion. However, the British Patent
fails to disclose the second brace portion having an extending ridge having an apex
formed by the intersection of two steeped portions, as now claimed by claim 1, and
fails to suggest or otherwise motivate a skilled artisan to arrive at the claimed
combination of claim 1.

Claim 5 has been amended to include the limitations of claim 7, more
specifically the brace portion comprising a circumferentially extending ridge having
an apex. The pri_or art reference EP 0 522 717 A2 teaches a tolerance ring for use in a
disc drive, and British Patent No. 1,036,181 teaches the use a second brace portion -
which radially extends less than the first brace portion. However, these prior art
references do not teach the second brace portion’having an extending ridge having an

apex formed by the intersection of two steeped portion.



