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[0001] This invention relates generally to bearing

tolerance rings. More particularly, the invention

pertains to tolerance rings used in cartridge

bear Q% HFRANCE (RING RBORS DIAT A PORA GENWSITH QWET-OUT
devi ces, such as hard disk drives, 2. Description of

Rel ated Art. [O Y. t . Qf comput er
systemis a dev&gé%]gﬁo?é‘fggﬂggg Qﬁ&@g%n pl ace
for storing massive anounts of data in a conputer
systemis on a disc drive. The nost basic parts of a
di sc drive are BAGKIGROUNED OF TldEdNEGENAROACt uat or
that noves a transducer to various |ocations on the
di sc, {and i frcuitry that is used to wite
and r}e'ad LRESE theatPefid g the disc. Coupled to the
actuator is a head-ginbal assenmbly (HGA) that ,
[000ihel udes allHedaverHmialales £GBpEAS| tonbeaThg talsarce singbe More

stacked together into a head-stack assenbly (HSA),

whi chpdrsicoreRelthe dnA&atReS pthgins db st GHRéasRgbYuseRin cartridge
actuator. Thére are a variety of disc drives in use

ot oo berties B b SLiERnafoR sfGls YerigedPReh as hard
actuators.
disk drives.

2. Description of Related Art.

[0002] A key component of any computer system is a device to store data.
One common place for storing maﬁive amounts of data in a computer
system is on a disc drive. The most basic parts of a disc drive are a disc
that is rotated, an actuator that moves a transducer to various locations on
the disc, and electrical circuitry that is used to Writé and read data to and
from the disc. Coupled to the actuator is a head-gimbal assembly (HGA)
that includes a head aﬁd metal suspension. The HGA's can be stacked
together into a head-stack assembly (HSA), which is propelled across the
disk surface by thé actuator. There are a vériety of disc drives in use
today, such as hard disc drives, zip drives, floppy disc drives. All utilize

either rotary or linear actuators.



WD 2008/ 024687 PCT/ US2007/ 076239 [00031 In hard disk
drives, magnetic heads read and wite data on the
wawoBazws? of rotating di sks that are co-axi al | pCTYDRIVDBA76239
on a spindle notor. The magnetically-witten "bits"
of information are laid out in concentric circular
"tracks" on the surfaces of the disks. The di sks nust
(0009} ate quilgkhatds@isk N@tivdshen SRRt BEaddSRAJIAARE wARE data on the
have to wait |ong for a desired bit of information.

on the dp.sk surface to one positigned under the,
hoad SLiEuar FOGSK oGSl Maso RIS TaHied ABkLSTiDdle motor.

be extrenmely narrow and cl osely spaced to achieve a

hi gh dElmcS11ia§11@tf1calr}f—Wrmﬁll ‘@itspest infititatidnededhid he @i &hcentric
surface 04] The required small size and close

spacin i nf or, rratl on bits e. have
conseqcﬂlecﬁ‘iaés G h e 85 &Hr%f:egt ﬂtqg? scbslﬁﬂrl vE'& g{ﬁkéemuﬂ rotate
and its mechani cal conmponents. Anmong the nost :

i npor tqantkly sortkeigthe noemiiter tdrzatotheonkgreetoi wait long for a desired
transducer on the head nust oper at e in extrenely

cl ose yr 8f Imotzbﬁah%nt@? (RYRGL lfrfe? %@cé’r{l?wb% J%rﬁelﬁ under the

Because i's relative m) |on vveen
surface and the pagnetic head due to t he di sk

r ot at iN6adant Readeradisladross. edat bikuond Eesksagust be extremely

between the head, and disk can lead to tribol ogi cal

fai | umaraty bhe cldredr tpeed Quathietd b bokiodicadty 6@'11'11%&@1%011 per
known coIquU|aIIy as a "head crash," can damage the
cause data | oss. Ther efore,

di sk anﬂ 39 g

t he nﬁﬂ é??%o%% Ingm Y igned to be hydrodynam cally
support ed by an extrenely thin air

[0004] : 1e required small size and close spacing oflniblnnaUcnllans on

the disk surface have consequences on the desigh of the disk drive device
and its mechanical components. Among the most important
~consequences is that the magnetic transducer on the head must operate in
extremely close proximity to the magnetic surface of the disk. Because
there is relative motion between the disk surface and the magnetic head
due to ‘the disk rotation and head actuation, continuous contéot between
. the head and disk can lead to tribological failure of the interface. Such
tribologi'cal failure, known colloquially as a “head crash,” can damage the
disk and head, and usuaﬂy cause data loss. Therefore, the magnetic head

is designed to be hydrodynamically supported by an extremely thin air
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its magnetic transducer can operate in close proximty
wo eooslosiesll sk whi | e physi cal contact between theCTiEs2H07/076239

and the disk is mnimzed or avoided. Typically, the

head-t o-di sk spaci ng present during operation of

nmodern hard disk drives is extrenely small, neasuring

in thepedraiss@thhanomabeede uhAQARkr ChaaciRe isltlas C]ﬁf)ximity to
the actuator used for noving the magnetic transducer

in close proximity to the disk st be considered b C
the  dBSi B W oiRINRIFD RS PERVGR (06 phsde g the dislc s
rapi d angul ar notions and other excitations. For
exaﬁphahﬁhhee@otuaﬁdEdaﬂthuﬁmgﬂﬁﬂ&hdﬁb«ﬁ@b@gﬁﬂﬂ%ﬁramntduﬁng
the actuator pivot bearing nust be of high enoug

quality so.that the. sj tipn_of the hea can .be L

o eci s Ruunat ol B BER S R0pS kaly SR GH fipcasuring in the
interface between the actuator arm and the pivot

bear i Mgnsrogtameneters.suf ficient rigidity and strength

to enabl e precise control of the head position during

[00QFE" ation @pa{é&erl%t?ééi de {he a@t%ﬁquaﬁyqac%giﬁaion[}% the magnetic

necessary to facilitate higher natural resona

frequencies of  vibration, of the actuator arm )

Typi cdfdipdugdie ith Rt BROXAAY 0 fthe dighatraestt permonsidered by the
alum numor an alloy of alum numand is therefore

sof t erdeantheids eni@aaideyvibsticat Bhedpdmantot heidun@ilar motions and

bearing sl eeve, which is typically fabricated from

stainlgss &lfGlions. For example, the actuator arm must be stiff enough and
the actuator pivot bearing must be of khigh enough quality so that the
position of the head can be precisely controlled during operation. Also,
the interface between the actuator arm and the pivot bearing must be of
sufficient rigidity and strength to enable precise control of the head
position during operation and to provide the boundary. conditions
necessary to facilitate higher natural resonant frequencies of vibration of
the actuator arm. Typically, the actuator arm is fabricated from
aluminum or an alloy of aluminum and is therefore softer and more easily

scratched than the pivot bearing sleeve, which is typically fabricated from

stainless steel.
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stiffness of the actuator nust also be sufficient to
wo povs2468Ef | ecti on that m ght cause contact w PET/UR®07/076239
di sk during nmechani cal shock events. Likew se, the
i nterface between the actuator structure and the
pi vot bearing nust be of sufficient strength to
vent cat@str, [ t puc ~d allur -ax|.al
008FF o page e hecitre &t U avilon Bt feS GCufTagkhe o timit
pi vot bearing sleeve during |arge nmechanical shock
event gleflegtion thatrmighi gadieseongadiwesh thendisladbtiaganechamical shock
or arns are fixed to the actuator pivot bearing by a
tol er gnegd | T)gk?\%é&' gl Interth @ BEANGS: {He%ﬁuat‘o&’%]ft}h@ﬁn@%nd the
open cylindrica ase portion and a plurality o
contacting. portions that are_raised or recessed from )
the cyllVoldbicaEng bagat psr of oiilligikal stisheBLtp npreysat icgkstrophic
are typically partially conpressed during installation

to createngal fdluad sitehoagiabelipmenr Bdieetmihd8ctuator arm and the
cylindrical features of the parts joined by the

br ovi 480 REP LG eG4 [sEe BREUEHEY el gyents
slippage of the mating parts. For exanple, in disc

[00@TF]i ve appl icatdmonsljsct Heveadihal acdonpr essi ve arprsebmwatixed to the
the tol erance ring prevents separation and slippage at

the i face, he re. @y m Lihe Ry e
oosri SERGHOPRSCRSLIERR LFS QHRLOAL T AYACAAE Bhtahoe sne
events. The tol erance ri,ngi al so acts as. a {adi.a

spri ngiclne i ePsiayy ipfcH obaseap@ioni #f! goB Uﬂﬂéﬂﬁlsof entacting
et Ip(c)nr*tions that are raised or recessed from the cylindrical base portion. The
contacting portions are typically partially compressed during installation
to create a radial preload between the mating cylindrical features of the
parts joined by the tolerance ring. The radial preload compression
provides frictional engagement that prevents actual slippage of the mating
parts. For example, in disc drive applications, the radial compressive
preload of the tolerance ring prevents separation and slippage at the
interface between the actuator arm and the pivot bearing during operation

and during mechanical shock events. The tolerance ring also acts as a

radial spring. In this way, the tolerance ring positions the interior
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relative to the exterior cylindrical part while nmaking
w@poosHts8T adi i ¢l earance and manuf act uri ng varP@Er/Us287/076239

in the radius of the parts. [00081 Additi onal

features have been added to tolerance rings to obtain

speci fic advantages. For exanple, in U S. Patent No.

6, 288, ; § i ace: :

por i O@éf?&ﬁg@g é{é%ea Regbtt aetcéhxg&t%gf @rlgﬂlgiéﬁl ngﬂax%ﬁlle making up

|ncrease hoop strength. U S Patent No. 6, 338, 839 to

M sso fet ragii Clegragge éé@@iaélutfwtléﬂa&@éﬂﬁﬁl@igs iwHihefadius of the parts.

provides a | ow consistent installation force profile.

[00090091 U. SA {28k &R M@uné's h80: 623n ta‘ad@l Qﬂﬁblezﬁﬁce ?f‘ng@'to obtain

di'scl oses the use of a conventional tolerance rin
conj uncti

i ndri ca a tio
char aéP@?’?fe”gVBWa@F?u pu%«iﬂpy .Hg;m Batnel Raabatse 878 to Misso

vi bration or |oading. The shim prevents deformation

of thessgf teirvneekteriting bimicepbalonsandet besrebidar &vehé Solerance
undesi r abl e partial reli ef of the radial conpression

A T R L

typi caIIy manufactured froma flat nmetal sheet with

st anp|dmlo§e@rmit®igran|cg|nltpmgyhlahquot'hi@s s{@pscarsistent installation
provi de ways to recess contacting portions and a fi nal

gener gy prghld ndrical shape. Because of the way

tol erance r| ngs are manufactured, they typically have

»{00089 gap or 38a§ ﬁt%ent(}\lgegﬂ%],%ﬁ tg hCems) ojll te(fea .daqggloggs the use of

a conventional tolerance ring in conjunction with a cylindrical shim in
applications characterized by structurally significant radial vibration or
loading. The shim prevents deformation of the soft underlying material
and thereby prevents undesirable partial relief of the radial compression
that maintains frictional engagement of the tolerance ring.

[0010] State of the art tolerance rings are typically manufactured from a
flat metal sheet with stamping, forming, rolling, and other steps to
provide ways to recess contacting portions and a final generally
‘cylindrical shape. Because of the way tolerance rings are manufactured,

they typically have a gap or spacing formed where the opposite edges of
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sheet neet. A perspective view of a prior art

woeisozs8E ring is illustrated in FIG 1. [00RAT/US18@7/076239
tolerance ring can be installed first into a
cylindrical hole in an exterior part, such as an
actuator arm so that later a cylindrical inner part,
such t ' bear. I " ‘
pushod e eLR pleRe PRt PR heshEP uidy A 5BPY art rolerance
create a radial - conpressive preload that retains the
parts 19 fyilbwiratedlindidgadenent. In this case, the
contacting portions nmay be recessed to a | esser

[001 i us thamiehase ﬁﬁ’ﬁ Ch@Beasstidd ﬁ?sst i@ asgy%ﬁcﬁ’ic%l hole in an
greater radius than the“base portion. Alternative a

tolerance.ring can be installed first around a
cyl i ndFilEAPT PHheMChAs a1 astiafoh RSP Bt idptgpvadndrical inner part,
bearing. The inner part, together with the tolerance

ring, sushtdRem d@uabbbivot Pushed daatie fheblnhesicaringf the interior
the cylindrical hole in an exterior part, such as

act uat to create a ra ressive
That - ruaf htehge Pt Srfye Al § ”Breéaagdﬂéﬁ@ﬁﬁtﬁ’%ﬁ@tams the
this case, the contacting portions of the tolerance

ring areesthypfrodidng! eagagedidng. dn ghieanes, thadontctingmportiens may
base portion. [0012] The stiffness and nass

h 1 f ‘ |
I(ilszr g“‘btegfeb%s‘s'eBSt'Q_% egsxefjjl %ﬁh@'%ﬁﬁe{ﬂe”&sg?}%ggg@Iahg @F s trJﬁ@ed to a

the ends in p lor art tol erance rlngs can cause mass
eccentF§aet {4 l%}@@yt 1e base portion. rnatively, a tolerance ring can

be installed first around a cylindrical inner part, such an actuator pivot
bearing. The inner part, together with the tolerance ring, is then forcibly
pushed into the interior of the cylindrical hole in an exterior part, such as
: an actuator arm, to create a radial compressive preload that retains the
parts by frictional engagement. In this case, the contacting .portions of
the tolerance ring are typically raised to a greater radius than the base
pkortionv.
[0'012]’ The stiffness and mass characteristics of a tolerance ring can
influence the HSA béndwidth. For example, the gap or spacing between
the ends in prior art tolerance rings can cause mass eccentricity thereby

affecting the dynamic balance of the actuator. Most disc drive makers



affecting the dynam c bal ance of the actuator. Most
disc drive makers 6 WD 2008/ 024687 PCT/ US2007/ 076239
wo poog/onde8h t hi s probl em and tol erance ring PCT/US2007/076239
manuf acturers try to minimze the gap by allow ng for
as small a gap as possible while avoiding the
possibility of the two ends of the tolerance ring from

touchl t - : en I, e
e haar ShcEts pEEIAER YRR, iR RERERERS o minimize
either manually align the gap in a direction known by

trial thadgagrbynrllowing dduee smalb 2i gapabamoesibll sdile avoiding the
referred to as clocking) or counteracting overal

eccen S e e f, e i : far
docs e SPTRESOEME I ROQRPBL PRE (OICTRRERinE 8 Wchine. afic
it known and thus possible to conpensate for in other
mays,€$%$nbhétance, by bal anci ng nearby parts such as
actuator armor fan tail. Furthernore, mnimzing the

[00g3p hel ps ToRAMGR RS Sof ma@é ﬁﬂ@ﬁah&’é didiedti0¢ BIARELare forced to
ring ends are st|II rather long due to rranufacturlng

constrathnts uen ly, the gﬁ) ce ?tvveen 2

bunps ikt 5}?6%‘6 iﬁ‘ g@ab ©j8ap) i ydireriigh KR sy dgal and error to
bet ween the bunps el sewhere. [0014] Wth an

i ncreasdung chemmma b ince plsoviedercah$o stsedloyking) or counteracting
installing the, actuator armin a hard disk, there

remi ps.a; CQ L Rgs0eed ok Weﬁﬁ&saﬁ%‘f%&g{{m% t@'l&fl@l%%oes not

ring that (ces mass |mbal an

eccentrici t . , ,
remove the mass imbalance, but rather makes it known and thus possible

to compensate for in other ways, for instance, by balancing nearby parts
such as actuator arm or fan tail. Furthermore, minimizing the gap helps
reduce mass imbalance but the tolerance ring ends are still rather long
due to manufacturing constraints. Consequently, the space between the
bumps juxtapose the gap is larger than the space between the bumps
elsewhere.

[0014] With an increasing demand for improved consistency in installing
the actuator arm in a hard disk, there remains a continuing need in the art

for a tolerance ring that reduces mass imbalance and mass eccentricity.
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I NVENTI ON [ 00151 A tolerance ring configured to

WO pBoOEsTESS eccentricity of an actuator arnPCT/US2007/076239
assenbly. The tolerance ring has a cylinder with a
predeterm ned | ength between two ends, with a gap
along the predetermned |ength of the cylinder, the

gap having a firssyandreryeopneir ¢dgmNTheney! i nder
havi ng an aperture in the surface of the cylinder at

the second edge. I n one enbodi nent, the tol erance .
[00}3hg has a’¥ itelgtancapringconfigaicdgta HBROVEeMPSY secasdigeity of an
of the gap and coupling to the cylinder at the second

edge Qbnfdie: G@R SHBRI NIThOCAREAdUTRIMHE §abslinder with a
allows maximumflexibility in reducing nass
e first tab is engageable with the

eccentrigity., T

apor { Brecieriined surieBe BPVes BT Ay . WiHb §1E8D elgpe the
configuration nmay be L-shaped or U shaped. The

aper t wrela@yniped peagad s cyBadér e n%zqnhms'gngﬁedt@ng a second
an edge of the gap to reduce mass inbal ance and

ot nRECEE SSTRER Pk Sinch Ufi LPIR, §PRGS B cbflgcer ot the

tab protruding fromthe second edge of the gap, the

secondeaatsl €8gpl | hy ane embodimestt, tlab toleranse fingshas a first tab

edge. The first and second tabs are adapted to hook

t oget RS @NHg Tt QRahe 18t 8&R: oBthe gap and coupling to the cylinder at
the second edge of the gap. Combining the aperture with tabs allows
maximum flexibility in reducing mass eccentricity. The first tab is
engageable with the aperture in the surface of the cylinder. The first tab
configuration may be L-shaped or U-shaped. The aperture may be placed
as required, enclosing along an edge of the gap to reduce mass imbalance
and improve mass eccentricity of the tolerance ring. In another
‘embodiment, the tolerance ring has a second tab protruding from the

second edge of the gap, the second tab coupling to the first tab on the first

edge. The first and second tabs are adapted to hook together and close

the gap.



WD 2008/ 024687 PCT/ US2007/ 076239 BRI EF DESCRI PTI ON OF
THE DRAW NGS [ 0016] The exact nature of this
WO poogf2468n, as well as the objects and advantBQEES2007/076239
thereof, will beconme readily apparent from
consi deration of the follow ng specification in
conjunction with the acconpanying draw ngs in which
l'i ke referenc@RIEFEDASES RIETIONAOE THRKEDRAWENGS
t hroughout the Figures thereof and wherein: [0017]
Figure 1 is.a perspective view.of a prior_art .
[Ootlg?erance rsqlﬁ:geé% i%t_ure [oéoti%ﬁ Y108, 25 eg as the objects and
. perspective view of a tolerance ring with according to
one endmhdnteet thircbliewdt @sentic iroyd@nt apparchOOL9] cbhgdemtion of
-3 i1s a perspective view of a tolerance ring according
to angth di ; . the p 1Ny I Qn. g
{00201 i g EVHY PP uah BT ERGR el B accompanying
tolerance ring along line 4-4 of Figures 2 or 3.
[ 0021]drEivgngseinsvhishailser&pente meneiabwlasigrate bkeparie giroughout
ring according to yet another enbodi nent of the
Preserhe FYGRL iRfeolMRRGheRigure © 1llustrates a =
cross-secttonal view of the tolerance ring along line
-6 of Figure 5. [0023] Figure 7 illustrates another . .
{Oog?bss- sect ' 6HEF IVIE@\/P%‘%PQCH ¢ VHTB PEAREIOT @F‘H@f%?’é%’g“% Aesign.
6-6 of Figure 5. 9
[0018] Figure 2 is a perspective view of a tolerance ring with according to

one embodiment of the present invention,

[0019] - Figure 3 is a perspective view of a tolerance ring according to
another embodiment of the present invention.

[0020] Figure 4 is a cross-sectional view of the tolerance ring along line
4—4 of Figures 2 or 3.

[0021] Figure 5 is a perspective view of a tolerance ring according to yet
another embodiment of the present invention. |

[0022] Figure 6 illustrates a cross-sectional view of the tolerance ring
along line 6—6 of Figure 5,

[0023] Figure 7 i]lustrétes another cross-sectional view of the tolerance

ring along line 6—6 of Figure 5.



WD 2008/ 024687 PCT/ US2007/ 076239 [0024] Figure 8 is a
perspective view of a tolerance ring according to a
wo eooslostssanot her enbodi nent of the present i nvRCL/US007/076239
[0025] Figure 9 illustrates a cross-sectional view of
the tolerance ring along line 9-9 of Figure 8 [00261
Figure 10 illustrates another cross-sectional view of
e tol erap rd ,ne;: 99 ¢ ' :
00H15ur e 11 TE%e LRI 1 raiE e pildfdhe o @
according to another enbodinent of the present
i nvenfimsimgr gnoolxg erFbedinent of the pesat spestione vi ew of a
tol erance ring according to yet another enbodi nent of
e preseng; t: . ) RT1, 1 T » :
(L e e S gﬁr%e%!l e erance ring
perspective view of _a prior art tolerance ring design
11. | Aloggdinnbod! Aektgui¢ Be tol erance ring 11 is made
from300 Series stainless steel. The tol erance ring

[002c} is fornegyte am @luseuls taaditealdyssplcanafialbase O @lerance
that is curved to forma cylinder 13. The cylinder 13

has a fi I@it r[’:'ldi S Sbgkft a %entral axi s and extends
for a''fExed€ 'Bhgih’ Par&HEI® to the central axis.
Radi al expansi on and contraction of 10 WO 2008/ 024687

[002P@T/ US2007F@@6239 my4 ipethpectave openiodge 1deiasice ring according to
facilitated by a gap 21 along the | ength of

another embodiment of the present invention.

[0028] Figure 12 is a perspective view of a tolerance ring according to yet

another embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0029] Figure 1 illustrates a perspective view of a prior art tolerance ring
design 11. In one embodiment, the tolerance ring 11 is-made from 300
Series stainless steel.  The tolerance ring 11 is formed from a
substantially planar base portion that is curved to form a cylinder 13. The
cylinder 13 has a first radiu§ about a central axis and extends for a fixed

length parallel to the central axis. Radial expansion and contraction of

10



tolerance ring 11, the gap 21 having a first edge 15

and a second edge 17, [00301 The tolerance ring 11
whams@24eBural ity of contacting portions 23, ThRCT/US2007/076239

contacting portions 23 generally have a rhonboi da

cross-sectional shape extending axially along the

cylinder 13. As shown in Figure 1, the contacting

porti OnS; 23 2 9 ial ky.: j ir ' R

oy o RLURAlnd 39 8 RGRUIARYY b8 1 AGhE e lenath of

I's recogni zed that alternative configurations known

i n t hetoderanghuingdd , the garahk bayinggsting edge bhaadnisegond edge 17,

portions 23 that project radially inward or project

jappar d and gt YaednicB idR 18l hes naphpgidashcgiacd@®Fbkions 23,
‘OQ% ure 2 is a persggbt?eg viQMIofﬁg té?eranceagﬁn %%%lmm >

wi th hook- shaped tabs and a cut-out feature for mass

contr oTh%\é?@B?a@BHa RGtIBRAT 23&%?@8@%#1@%@ rﬁlﬁ@lebm@éeq{pss-sectlonal

i nvention. The tolerance ring 25 has hook- shaped tabs

27 andstdPe Wiktdhdoppesialie aigid 0 endsler TReyes snden @ngagee 1, the

one another to close the linear gap 21 (Figure 1)

formed between the tahs 27  and 29. Fdges.15 and .17
have cutTTe ity Bap o/ SadefV A  FERHL apey trom
increase in mass from the hook-shaped tabs 27 and 29. ‘
When thheinhaok- shépedoleednse 2nand . 29t engegegnaresl that alternative
anot her, cut-outs 31 and 33 are proxinately aligned
Wi th one aRekdiels kil QniR e GRY iddudD 1d1BrahBE rided! RIBNGRitacti
ring ngﬂgﬁetﬁggkfgngpéd t%bs énducut-aﬁf fégﬁgfgs of acting

the 11 WO 2Q08/ 024687 PCT/ US2007/ 07623 . .
portions 89 t{lat pro?ect r%allljy mward or pro?ect inward and outward in

an alternating fashion.

[0031] Figure 2 is a perspective view of a tolerance ring 25 with hook-
shaped tabs and a cut-out feature for mass control according to one
embodiment of the present invention. The tolerance ring 25 has hook-
shaped tabs 27 and 29 with opposite mating ends. These ends engage one
another to close the linear gap 21 (Figure 1) formed between the tabs 27
and 29. Edges 15 and 17 have cut-outs 31 and 33, respectively, to
balance the increase in mass from the hook-shaped tabs 27 and 29. When
the hook-shaped tabs 27 and 29 engage one another, cut-outs 31 and 33
are proximately aligned with one another to form a cavity 35 in the

tolerance ring 25. The hook-shaped tabs and cut-out features of the

11



tol erance ring 25 inprove mass eccentricity and reduce
mass i nbal ance of the actuator arm assenbly. (00321
wWO-2@ensi687 i s a perspective view of a tol eranceP€T/nsR087076239
with three hook-shaped tabs and cut-out feature. The

tol erance ring 37 has hook- shaped tabs, generally

i ndicated 39, 41 and 43, with opposite mating ends on
the fisdraffd s g%’ﬁﬁnﬁ 85 é’d%@n@?oﬂr%/f &%P%‘dx c%erjnﬁss itRbalance
bal ance an incfrease 1n nmass on one e

tol eran ring 37 resulting fromthe hook shaped t abs
39, 410 a&@gwﬂauﬁnbae§m@ﬂé made in edges 15 and 17,
generally shown as cavities 47 and 45. The hook-shaped

[00Babs and cWiguRUS S af pélRpedtbleeviRRCES il Rberdhcd 'if‘ﬁfgogﬁ‘ with three
mass eccentr|C|ty and reduce nass |nbalance of

act uat or ,arm as

ot ose- elET A “GP et Dl et G HiiFgPar g pnkns ook
4-4 of Figures 2 or 3, illustrating a cut-out feature

i n acahadechtabst geromelly enboded@it 4 bind K8, pithsgosite mating ends
i nvention. The hook- shaped tabs 27 and 29 engage one

ot L PG DR HPELAL 0 3 A B o

the gap 21 aIIowstoIerance rlngéto readll¥ )
i nt er lipecagiup AERss BipPicngn@nd thafriFiange rBwpay aeswgng from the
interl ocked tolerance rings is tinme consum ng,

expengiohR-ade ayhsSUD] £IChnd Uhe chiobekaRe eniddds clifes 15 and 17,
handl i ng darrage Hence, by el[imnating this gap 21,

gg\e/atnt%lggér%glg %}“ 1?3§1§P}/1|1]1§ 4]2 wd 45, aﬁgl %oo< skaped tabs and cut-

outs of the tolerance ring 37 improve mass eccentricity and reduce mass

imbalance of the actuator arm assembly.

[0033] Figure 4 is a cross-sectional view of the tolerance ring along line

4—4 of Figures 2 or 3, illustrating a cut-out feature in accordance to one
embodiment of the present invention. The hook-shaped tabs 27 and 29
engage one another to close the gap 21 (Figure 1) formed between the
first tab 15 and the second tab 17. Typically, the gap 21 allows tolerance
rings to readily interlock during shipping and handling. Separating
interlocked tolerance rings is time consuming, expensive and may subject
the tolerance rings to handling damage. Hence, by eliminating this gap

21, the tolerance ring 25 or 37 has an additional advantage of not tangling

12



WD 2008/ 024687 PCT/ US2007/ 076239 or interlocking with

ot her tolerance rings 25 or 37 during shipping and
whamdioz4sgr [ 0034] Figure 5 is a perspective viRow/v§2087/076239

tol erance ring 47 according to another enbodi ment of

the present invention, The aperture 51 is a cavity

formed in the cylinder 13 that is at |east |arge

enoug
ORI R S PR B s und

ring roves mass eccentricity and reduces nmass
|nbaI§ﬁE@ Nf the actuator arm assenbly. Tab 49 has a
caV|ty or opening 53 to account for nass increase on

[0034fe side ofidupe 5t @l £panpectiingich? oby tbhganddi '4qna'ﬁ<,mdmg to
material of the tab 49. It can be envisioned that the

tab 49 c n fiquration that .is receiv

by 2 ARCTRGHERTFY EoBeshtiehb R GpHas (et oass @ cavity
Figure 5 also illustrates an alternate configuration :
for comamt imthe pditdeoris$ 23t isCatnieasit lange porutghotasre2Bive the tab
are arranged in a plurality of rows along the surface

of 't hgoblangr paseipatd O3l WBELFLANGES § Ak of the

illustra '8 Cross-secti onal

tol erance ring 47 along line 6-6 of Figure 5. The tab

49 i staleigpoabing 7eh@m@@a%mswmwh@tw@itqm@esmwass imbalance
Figure 6 shows a tab 49 configuration that is

tangepf i at@atdreagy|dsBelablyl 3.Tabi gUrtes 7a ichl g tdrabgmiad 53 to
alternate tab 49 conflguratlon W|th a flange 55 to
secureI%UI]{)liLgl massginaeasc on onle SIde Yof the tolerance ring 47 by the
additional material of the tab 49. It can be envisioned that the tab 49 can
have any configuration that is receivable by a mating aperture 520 on the
~ opposite end.
[0035] Figure 5 also illustrates an alternate configuration for contacting
portions 23, Contacting portions 23 are arranged in a plurality of rows
along the surface of the planar base portion 13.
[0036] Figures 6 and 7 illustrate alternate cross-sectional views of the
tolerance ring 47 along line 6—6 of Figure 5. The tab 49 is removably
engageable with the aperture 51. Figure 6 shows a fab 49 configuration

that is tangential to the cylinder 13. Figure 7 illustrates an alternate tab

49 configuration with a flange 55 to securely couple edges 15 and 17. By

13



13 WO 2008/ 024687 PCT/ US2007/ 076239 el i m nating the
gap 21, tolerance ring 47 has an additional advantage

w@boosnpte8t angl i ng or interl ocking with other tPCEUS200B076239

rings 47 during shipping and handling, [0037) It is
recogni zed that alternative tab and aperture
configurations can be used while inproving nmass

eccentf{i Ci nd. ¢ i ’ i £ _

e emAPFpETEL L HOCTRE DR By BLAROR aqggose o
47 can have a plurality of tabs that mate with a . o
p! ur alriat yanglingper interéeckingu3®) otheyipleragees Hogs 44 during shipping
perspective view of a tolerance ring 57 with two tabs

59 th%gjdq{a%d[iﬁgpvabl y engageable with two apertures
61. The tabs 9 hate with apertures 61 in the sane

manner as expl ai ned d 7. The tabs 59 .

, in Figures 6 n
10037} p or hoétklsaﬁwgmM %@éﬁ%qnaaﬁ%Fﬁh@!&%@fﬁul‘ss@ogﬁawwns can

[00

in Figures 9 and 10. The tabs 59 can have an L-shaped

or U shaped wihil@ngprdidng halss Rogdataeoitt bed ed@eing mass imbalance
apertures 61 in the surface of the <cylinder 13. By

elimnatin he gap 21, t s eccentricity of the

ing rahFashiiedt e hbRaaRet SREP R bEnbliglcd N 47 can
producing a ring that does not tangle or interlock

wi th deken plaladtantebs itlmysnaz vdith & pdprshiyppl apgrianes.
handling. [0039) Figure | 1 is a perspective view of a

| erance fj i, »QUtve §i66 I vith
3 ce Fi)@ge 8 HMlshy ﬁ%ﬁ%g@%ﬂ\ e Vi8Rt 4 £(d1ef _Fﬁlg@§§lg 57 with two

eccentricity control of ase portion.
tol erance

~ tabs 59 that are removably engageable with two apertures 61. - The tabs
59 mate with apertures 61 in the same manner as explained in Figures 6
and 7. The tabs 59 clip or hook onto the edge of apertures 61, as shown
iﬁ Figures 9 and 10. The tabs 59 can have an L-shaped or U-shaped
flange 63 that hook on the edge of apertures 61 in the surface of the
cylinder 13. By eliminating the gap 21, the mass eccentricity of the ring
is improved with the additional advantage of producing a ring that does

not tangle or interlock with other tolerance rings 47 during shipping and

handling.

{0039] Figure 11 is a perspective view of a tolerance ring 65 with cut-out

feature for mass eccentricity control of the base portion. The tolerance

ring 65 can have one or more cut-outs or apertures, generally shown as

14



ring 65 can have one or nore cut-outs or apertures,
generally shown as 14 WD 2008/ 024687

wWERBSER07/ 076239 67, along the cylinder 13. H¢EUS2007/076239
nunber and size of the apertures 67 is a function of
mass di stribution, The function of the apertures 67 is
to provide a substantially bal anced and non-eccentric

t ol er aggeal bh@gh@@% lihtler €3N The @nNb&! anedzt batthé BBertures 67 is a
apertur es 67 can have different shapes, such as, but

act anfiEion st SRS Bpe b bECRR wipubeHes 67 is to

di stributed over one or nore rows along the cyllnder

13. [ OpdRiddngubstahBalls balapeeds padtionesacicairicofol@rance ring 65. It
tolerance ring 69 with cut-out feature for mass

ol or ot FrigReb 0l hhg€eRERE s2Rhy O e Al Gru shges. such as

arranged in two or nore rows around t he surface of
the cybuindet ligitedt tioarciaper square, deneglal | golspawn oas rectangle,
71, along the cylinder 13. The nunber and size of the

aper t ugl% K% 'ﬁeaea)dxﬂﬁ‘% '6‘7”02§H b@%%trﬁ;‘u%d' gl%‘rt 0P8 orThRore rows

function ertures
subst a trallyeg nc d and non eccentrrc t ol erance
ring ong he @4H195€ lenvi si oned that the apertures 71

can have different shapes, such as, but not limted
[oouo] circl eFigauear®is 4 pe@apgttee pielwygon folerancectang eith cut-out

Simlarly, the apertures 71 can be distributed over

one OH%QR&@fﬁPW%ﬁS%%%&%I&H? &%ﬁ&ﬁQth&%msepomkm.Thetoknume
ring 69 can have contacting portions 23 arranged in two or more rows
around the surface of the cylinder 13 with an aperture, generally shown as
71, along the cylinder 13. The number and size of the apertures 71 is a
function of mass distribution. The function of the apertures 71 is to
provide a substantially balanced and non-eccentric tolerance ring 69. It
can be envisioned that the apertures 71 can have different shapes, such as,
but not limited to, circle, square, triangle, polygon, or rectangle.
Similarly, the apertures 71 can be distributed over one or more rows
along the cylinder 13

[0041] It is understood by a person skilled in the art that any combination

of the embodiments described herein can be used without departing from

15



[00411 It is understood by a person skilled in the art
that any conbi nation of the enbodi nents descri bed

wheoosioene8an be used wi t hout departing from 15P@NAUS2007/076239

2008/ 024687 PCT/ US2007/ 076239 the purpose of the
present invention. For exanple, a tolerance ring can
have apertures 67 or 71 in conbination with a tab 49
and ap ; t r [
o ag?sér Pﬁl‘jnoéél of tigé @%&%ﬁn)ﬁn g&%‘i?ﬁaqb& %?I?p 'é Q%Fe?ﬁ'nce ring can
plurality of tabs 59 and a plurality of apertures 61.
The toh@WaﬁE@twreiSr@' g | hl@vwabmatlgnégltm b 49 andospprture 51
wi t h hook-shaped tabs 27 and 29. conbi nat i ons of

the deggnilhed @ehefi-mRt SneAn MRVES ?érthﬁzesr@ﬂ@pm ifBSmbination
i mbal ance and |nprove mass eccentr| an actuator

3£K]w§§%§ﬁgkxvé %f%ég%§§3§§§% raly é%’%@%aﬁggg%Bg The tolerance

conprising: a cylinder having a predeterm ned | ength

bet weering wan énds apeittiksa7 gapl alopgyitheopkedabed Mae7 and 29.
| ength of the cyllnder the gap having a first and a

second r in.the
surfacé %mp gﬂgoﬁ? qggc&ga}hgggﬁﬁgﬁgﬁéiﬁrqﬂlB%ﬁwedtoxeduu:
claim1l, further conprising a plurality of

mass imbalance and improve mass ecceniricity of an actuator arm

assembly.
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contacting portions, each contacting portion
projecting a radial distance from the cylinder. 3.

wab@soadeeT ance ring of claim1, further conpriBCHYSA07/076239

first tab protruding fromthe first edge of the gap
and overl appi ng the second edge of the gap. 4. The
tolerance ring of claiml, wherein the aperture
extends along the Ilength of the cylinder and reduces
mass i nbal ance of the tol ergpnggnmeng. 5. The tol erance
ring of claim3, wherein the Tirst tab is engageabl e

W.t h tgi‘aperiure in the surface of the cylinder. 6.
Thel tng of claim3, wherein the first tab
has an L-shaped flange to hook onto an edge of the

aper ture hnotdign@uif@eengfrisife cylinder. 7. The
tolerance ring of claim3, wherein the first tab has a

U-shaped fl ange to.hook onto an edge of, the apertur b
T the. sut FAERTG: hHEE Ay r e A RReBhauaRaE k. with o
PCT/ US2007/ 076239 8. The tolerance ring of claim 3,

f guyt hlengdbepreditagiacd degti of dhe cpliodar udiergapf hormg heirst and a
second edge of the gap, and the second tab coupling to

t i1 , , st - 1 QhThe il & :
Been V5L R SGLIG AT 5L pabe TR L BB e
hook- shaped end adapted for,couphﬁng to a hook-shaped .
end df t hehsdelspmnceanng1ol crpitollerfdfber copyrising a plurality of
conpri si ng:
contacting portions, each contacting portion projecting a radial distance from
the cylinder

3. The tolerance ring of claim 1, further comprising a first tab
protruding from the first edge of the gap and overlapping the second edge of the
gap.

4, The tolerance ring of claim 1, wherein the aperture extends along the
length of the cylinder and reduces mass imbalance of the tolerance ring.

5. The tolerance ring of claim 3, wherein the first tab is engageable with
the aperture in the surface of the cylinder,

6. The tolerance ring of claim 3, wherein the first tab has an L-shaped
flange to hook onto an edge of the aperture in the surface of the cylinder.

7. The tolerance ring of claim 3, wherein the first tab has a U-shaped

ﬂangetoluxﬂ<onu)mledgeoftheapemlmeinthesuﬂhceofthecyﬁnden
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a cylinder having a predeterm ned | ength between two
ends, with a gap along the predeterm ned | ength of

w0 b@soyde8hder, the gap having a first and a sPCDOR2007/076239
edge; and a first tab protruding fromthe first edge
of the gap and coupling to the cylinder at the second
edge of the gap. 11. The tolerance ring of claim 10,

furtper CPI‘Y@’rtb&kﬂQ:eaxﬁ%C@Udc&ﬁP 3 pf&({éﬂdé&ﬁpﬁﬁi@@ tah§econd tab

second edge of e gap, the second tab coupfing-to
first on the flrst ed tolerance rin
o@toénuénlrg ?r@m HiecsPhd eec o g g@ebarrfﬁgleasqqe@wals lgpgwg to the

end adapted for coupling to a hook-shaped end of the

sgrend biakhe A3t edhe tol erance ring of claim 11,
wherein the first tab is engageable wth the second

tab.  14. ol erance r of claiml10,.further

comodi o T SREFPORE of k1wt SO e bR R ia gty shaped
for reducing mass inbalance in the cylinder. 18 WO

268 AGBIO rRCTP ISR 00 7 hod6288pedLénd Fhehetsebenditabe ri ng

of claim 10, further conprising an aperture in the

surffa(?e %tt@l@teaﬁl%l nré?(éémp% ong the second edge for

recel Vi ng he tol erance ring of
claim15, wherein the first tab has an L-shaped

flange t@ pddKlcodrginga duedetominge lapeththatecen trReends, with a
surface of the cylinder. 17. The tol erance ring of

Al AMHAS thavpriceidintifed fdnbtt of el famder,Uhshapativing a first and a
second edge; and
a first tab protruding from the first edge of the gap and coupling to
the cylinder at the second edge of the gap.
11.  The tolerance ring of claim 10, further comprising a second tab
protruding from the second edge of the gap, the second tab coupling to the first

tab on the first edge.

12.  The tolerance ring of claim 11, wherein the first tab has a hook-
shaped end adapted for coupling to a hook-shaped end of the second tab.

13.  The tolerance rbing of claim 11, wherein the first tab is engageable
with the second tab.

14.  The tolerance ring of claim 10, further comprising an aperture in the

surface of the cylinder for reducing mass imbalance in the cylinder.
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flange to hook onto an edge of the aperture in the
surface of the cylinder. 18. A tolerance ring

weoenBiogwsed to i nprove mass eccentricity and rRCUs2007/076239
mass i nbal ance of an actuator, conprising: a cylinder
havi ng a predeterm ned | ength between two ends, with a
gap along the predetermned | ength of the cylinder,

t he p hawy Il : < e in the
g3 %’eﬂ@le@axfdel $hg 80€afn 13)??91@@1%331@11‘!% an aperture in the

cylinder having at |east one cavity in surfac

cylinder_ plaged to redquce mass i nbal ance, of t
ogurfa@@@rf.thquhrr&@ Aot Opg ﬁ@g%})mé?%ﬁ%“géhe\?ﬁéfr%bn
the tolerance ring is made of a 300 Series stainless

steels, 20rheThgetafteriaRcs dlhing [9f whkadimHe3 irst wal hes an L-shaped
conprising a plurality of contacting portions, each

f n%gg;tfo: Iﬂ%éé)&{t&igl%ned%%%ﬁﬁé ialg]e(%'tuare & i1éas|ur 'aic%to M5E cgfﬁﬁ)cﬁgr.
| 17.  The tolerance ring of claim 15, wherein the first tab has a U-shaped
flange to hook onto an edge of the aperture in the surface of the cylinder.

18. A tolerance ring configured to improve mass eccentricity and reduce
mass imbalance of an actuator, comprising;
a cylinder having a predetermined length between two ends, with a

gap along the predetermined length of the cylinder, the gap having a first and a
second edge, the cylinder having at least one cavity in surface of the cylinder
placed to reduce mass imbalance of the cylinder,

19.  The tolerance ring of claim 18, wherein the tolerance ring is made of

a 300 Series stainless steel.

20. The tolerance ring of claim 18, further comprising a plurality of

contacting portions, each contacting portion projecting a radial distance from

the cylinder.
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