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I nvention. [0001] This invention relates generally to

bearing tolerance rings. More particularly, the

i nvention pertains to tolerance rings used in

cartridge bearings for actuator arnms in information

"BOVERANEY RENG BLCVING WVARIOUSSKND TWB DEBSIGNS

Descri ption pf) PREJFESTANTHIOROUKINKSY conponent  of

any conputer systemis a device to store data. One

comon pl aﬁ%gﬁbﬁﬁww%ﬂﬁﬁzmﬁ of data in a
comput er ' rve. nost basi c

parts of a disc drive are a disc that is rotated, an
dct uakield phihe layeaton t ransducer to various | ocations
on the disc, and electrical circuitry that is used to

wr i t eTRRdifveatofabRitdsOg@ndall rt@"ﬁefahﬁ%ctbﬁ&an&oﬁﬁ &d Mere
the actuator is a head-gi nbal assenbl'y (HGA) that

i ncl udes a,head and netal. suspension. .The HGA'.s can.be
BTSRRIy WelHERBP AL iR Lo G R St B B (P idEe
which is propelled across the disk surface by the
bedruagofor Adtea@rarmsainvarforhytiai stirsge devices, suthusehard
today, such as hard disc drives, zip drives, floppy

[ $C jves. Al utilize either rotary or linear
gis?‘udar K. 460800 1

2. Description of Related Art.

A key component of any computer system is a device to store data.
One common place for storing massive 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 write and read data to and
from the disc. Coupled to the actuator is a head-gimbal assembly (HGA)
that includes a head and metal suspension. The HGA’s can be stacked
together into a head-stack asserﬁbly (HSA), which is propelled across the
disk surface by the actuator. There are a variety of disc drives in use
today, such as hard disc drives, zip drives, floppy disc drives. All utilize

either rotary or linear actuators.



WO 2008/ 021890 PCT/ US2007/ 075492 10003] In hard disk

drives, magnetic heads read and wite data on the
wawoBazwso of rotating di sks that are co-axi al | pCTYDRIVDBAT5492

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

rotate quickly so that the conmputer user does not

[0003] have tlo haid diskndrifes, magesid tdadd tenf anun\fvﬁrtémat%n()ﬂae
the di sk surface to becone positioned undeL t he hea
I Y data bit and racks mus
S ERC e Raing okt STt B el S s ooy
density of information per unit area of the disk
AéDh@é@%¥WF@@Hﬂ?WTﬁ@1ﬁe@u®ﬁedbsnanbn&nadaﬂhdubh@&@ncmﬁnc
spacing of information bits on the disk surface have

COREAURRIBSorPthel J‘u@fe@%é‘ b9 ﬂqcofilskg‘ € Tﬂ%stﬁ%l%r Iln\ﬁgtt e uickly

and its mechani cal conponents.

consequences i s that the nagnetic
Poie B comRIih dme dacnst fw@wcamm Iongcborracsiesized bit of
close proximty to the magnetic surface of the disk.

Befamstiont tretle diskrsakface ve b@@@m@rpd%ﬁﬁdi&@nuﬂ&@ tHe $Kad. In
surface and the magnetic head due to the disk

o s RS ARG acRO Mol 0 SuFPeRG fpemapy and

fallure of the interface. Such tribological failure,
IehesEAY 6padedqiel adhigvars high Hizadity rdsinfornuaiordpermgeit tihea of
di sk and head, and usually cause data | oss. Therefore,

e drRGnefacs. head is desi gned to be hydrodynamically
supported by an extrenely thin air bearing so that

[0004] Lgs n?ﬂ@%%hﬁﬁéé%ﬁiﬂﬁ&%éz&%ﬁc%sgggganEQﬂghgggngégg%ﬁgnil
the disk surface have consequences on the design of the disk drive device
and its mechanical components. Among the most impeﬁant
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 fhe magnetic head
due to the disk rotation and head actuation, continuous contact between
the head and disk can lead to tribological failure of the interface. Such
tribological failure, known colloquially as a “head crash,” can damage the
disk and head, and usually cause data loss. Therefore, the magnetic head
is designed to be hydrodynamically supported by an extreinely thin air

bearing so that its magnetic transducer can operate in close proximity to

460800 ‘ ‘2



460800 2 WO 2008/ 021890 PCT/ US2007/075492 the disk
whi | e physi cal contact between the head and the disk

W0 s00siesbori zed or avoi ded. Typically, the headP€DUS108%075492
spaci ng present during operation of nodern hard di sk
drives is extrenely small, neasuring in the tens of
nanonet ers. 10005] Characteristics of the actuator
used for noving the magnetic transducer in close

phexdiskt Wwhike tiHsfiaskedntadt BRSNS IHET B PYankiNehe uiSk is

designer to mni'm ze vibration In response to rapi

anqul ar tion n ot her excitatiqns. For exanple, .
TR BEEe Db P AR P s heaghisugikapacingtpsesent during
actuat or pivot bearing nust be of high enough quality

siperdtadn dhmodens haiddiskidrives iheadewaly #8aRIBEAKRING in the
controll ed during operation. Also, the interface

REL MRt e Uat or arm and the pivot bearing nust be
Sttt

Icrent ' rigidity and strength to enabl e precise
control of the head position during operation and to
[0005]  provi §darpenginsd af ytheoadivatan siseeloessmmving dhe magnetic
facilitate higher natural resonant frequencies of

Vfdh%éﬁé&nirpfclqsteh?r(ﬁ&frﬁgi o5 tRE r'ﬁlisl-{yrphg@lbkycoﬁs%red 1A )}he

actuator armis fabricated from alumnumor an a
glngal um num and is,therefore softer and nore easily

B0EH LY VRERI e DRt hESPORY 1 ed anghlasmetions and
typically fabricated from stainless steel. [0006] The

sthdrfaxedstiofis. t Rer actmplepthenasatal afmbeus Wef dtigt endudioand
[limt deflection that m ght cause contact with the
HheS kAR BT HARNEAmuSO BEKof high 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 highef 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.
[0006] The stiffness of the actuator must also be sufficient to limit

deflection that might cause contact with the disk during mechanical shock

events. Likewise, the interface betwecn the actuator structure and the

460800 ) 3



events. Likew se, the interface between the actuator
structure and the 460800 3 WO 2008/021890

WEORIEROO 7/ 075492 pivot bearing nust be of sedT/Us20871075492
strength to prevent catastrophic structural failure
such as axial slippage between the actuator arm and
the actuator pivot bearing sleeve during |arge
nmechani cal shock events. [0007] In many disc drives,
t r - O ¢ t :
p;?’l\?o@oc‘iééﬁ%@ nﬁ[?;f/” 3] cﬁlr O8ffRiént ét’l‘@rijgtf}y%% E’ZW?{E YL ophic

ot bearing a tol erance ring.

tol erance rings _include an open cylindrical base :
p%mqﬂefﬁf gfﬂiyrs sychesIaxia) shippagh bardenghe pefuatonarm mad the
are raised or recessed fromthe cylindrical base

mma:lt@flf)iv'ﬁlﬂ ®caifftReVE ddriAgNirge RseMafiday Bh6& &vents.
partially conpressed during installation to create a

di al I b t h i | i ndrical
o007y 2, b0 RS A Sl G P R e
prel oad conpression provides frictional engagenent

tachnator everit keaotgidly sltolpage ohgt h@ypitaillyg tolesarnce. rings
For exanple, in disc drive applications, the radial

SS f r.anc | 0G:. pr .
R M en R e af bk o b ICE AL e Elbine
actyator arm and the pivot bearing during operation
Aoutiens thel arreraisad @aiecetsse ram dig gyhnlckeca? breg peiony: i Hae
also acts as a radial spring. In this way, the
tcohercaingepdrtiogs RS tipiedlsy bieiallyt &rhPressddy Huﬂﬂ% iiggthllation
part relative to the exterior cylindrical part while

R P R BNt FREMABEHLORes of e
Addi tional features have been added to tol erance rings
pertehioaned 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 tolefance 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
éylindrical part relative to the exterior cylindrical part while making up
for radii clearance and manufacturing variations in the radius of the parts.

[0008] ‘ Addiktional features have been added to tolerance rings to obtain

specific advantages. For example, in U.S. Patent No. 6,288,878 to Misso

et al., circumferential brace portions were added to the tolerance ring to

460800 ' 4



speci fic advantages. For exanple, in U S. Patent No.
6,288,878 to Msso et al., circunferential brace
w@oeoosioorsso wer e added to the tol erance ring to PABOSDO7/d75492
WO 2008/ 021890 PCT/ US2007/ 075492 i ncrease hoop
strength. U S. Patent No. 6,338,839 to Msso et al.
di scl oses a tolerance ring which provides a | ow
. consistent installation force profile. [0009] U.S.

Rateguse Nooopd sTi@fghS3 UcS.CPateeit, NdI -6,838,859 @ 3948588 ol
the use of a conventional tol erance ri ng in

SHRREL DAL, B MBI F01 D PRRLAT S o,

vi bration or | oad| ng. The shim prevents deformation
dbrechproddét underlying material and thereby prevents
undesirable partial relief of the radial conpression

t hat t
o L1, ST TR PR P BT eeor

pi cal | actured froma f]at rretal sheet wi t h
&l Q%Y }gnggﬁt:lie{;?@cer%qlg iR Fongmetionnwithsg eydindgeal shim in

provi de ways to recess contacting portions and a fi nal

gppticalibnys chytatrdized My shaperalfy RRISACSHI Mvdiali ﬁb’re@fonaor
prl or art tolerance ring is illustrated in FIG

nce.rin ar e act ur ed
&EH p| ca ﬁ%en ;ﬁg%(/\eengg ggﬁorg‘ﬂt@fﬂa trli]ﬁ it Hggie @mggénﬁ?yal
opposnte edges of the rolled netal sheet neet. This
therehyaprichgnial unsiesirablel partiak eelief mf'stht gadial epinpeéssion
durl ng shipping and handling. Separating interlocked

gl?z%tg?fﬂﬁﬁeﬁg ifi@Foria eAghSBRENt JHRE S ¥Rk k. CONSUM ng

[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. A perspective view of a.prior art tolerance ring is
.illustrated in FIG. 1. Because of the way tolerance rings are
manufactured, they typically have a gap or spacing formed where the
opposite edges of the rolled metal sheet meet. This gap or spacing allows |
tolerance rings to interlock during shipping and handling. Separating
interloeked tolefance rings is a labor intensive, time conSuining effort that‘
is expensive and subjects the tolerance rings to damage.

[0011] ~ With an increasing demand for improved consistency in installing

 the actuator arm in a hard disk, there remains a continuing need in the art

460800 ~ 5



i s expensive and subjects the tolerance rings to

damage. [0011] Wth an increasing demand for inproved
wa@oeousiostsency in installing the actuator arm i PCEURBENT075492

di sk, there remains a continuing need in the art

460800 5 WO 2008/ 021890 PCT/ US2007/075492 for a

tolerance ring design that prevents interlocking

during shipping and handling. It is to such

oI @IEARBE Bin f‘cst nhﬂlaD gsents intetéouking dusingdhignhgadnd
SUMVARY OF TH [0012] A tolerance ring

R, ”dasugﬁ‘p‘rﬁpﬁﬂn GHEAE AhELORE AERaS nsRBRNECE

t he cyllnder The gap has a first and a second edge.
dredtedidi ng fromthe first edge of the gap is.a first
tab that overlaps the second edge. A second tab may

protrude fromthe second edge of the gap to couple

with the fgurpiMipaly OFNgIEIINIENZPONRY have a

hook- shapea end that couples to a hook-shaped end on
: t he second tab.. The f.irst t e confjgured
[0012] ¢t har R iiGangngige Ay e 1 TRHCESaR: o 8ridsitERed demeth
: edge of the gap. The tab configuration may have a .

B@videy Bvo apelki and 4 ogapcatony tHopred@srmioed elengticiofythe
~of the tolerance ring as required. The tab may be

u lhh g p i K first

RS TR R AR s P Rl e Rl 0 i
t he onosHe ed e of the gap or an aperture in an

thy gaabis a s t@laﬁsat@ézyl Flgs thsnsscqnf edeeo ‘e Aty tab

each other. In
may protrude from the second edge of the gap to couple with the first tab.

The first tab may have a hook-shaped end that couples to a hook-shaped
end on the second tab. The first tab may be conﬁguréd o} that it is
engageable with an aperture in the second edge of the gap. The tab
configuration may have a‘ cavity or aperture to éccoﬁnt for mass
emdeWdﬂwmkmmmmg%mmmw.ﬂwmbmwbemmgmw
into an alternate L-shaped or U-shaped flange that hooks into the Qpening
of an aperture in the opposite edge of the gap or an aperture in an .
- opposing tab.-The tabs may be configured to engage each other. In
another embodiment, a non-linear gap is formed from one end of the

cylinder to the other end.

460800 . . » 6



[0013]

[0014]

[0015]
[0016]
10017]
[0018]
[0019]

{bozo]

460800

anot her enbodi ment, a non-linear gap is forned from
one end of the <cylinder to the other end. 460800 6 WD

wQoe8NIBRIBO0 PCT/ US2007/ 075492 BRI EF DESCRI PTPCMNUSI007/075492

THE DRAW NGS [0013] The exact nature of this
invention, as well as the objects and advantages
~thereof, will becone readily apparent from
consideration of the follow ng specification in

conj ungRIIpR MESTRIPT IO PR DRAWIRGSYS i n whi ch
| i ke reference numerals designate ke parts

thro out the figures.thereof and wherein;, [Q01

Fi gu?gﬂel §xach ‘B@‘l‘@p@ittﬁ\ﬁe INYBHO8f a3 WFﬁo?S &he O%Jeé% and
tolerance ring. [0015] Figure 2 is a perspective view
advanthgdsertrnest, mitigbewesoe déadjlyt apparent éwhodbnederadion of
the present invention. [0016] Figure 3 is a

r 0ssySectional . ¥i f.1he t NCE: . | '
i SRRk SR 0] ik G BGIL Gk PR BABtrbD g
of a tolerance ring according to another enbodi nent
dfawings pn edueh likaveferenne nymeresy designate like ipartg demoaghaut
a perspective view of a tolerance ring according to

! ANRL hesre8FROAWHRRLinOf the present invention.
F%Ol@?%l:i gure 6 illustrates a cross-sectional view of
the tglerance rin along line 6:6 of Figures 4 and 5.
[ 0020} 1287 drlg 2 PEf QCPIVEé/??VXtOgé" Iﬁ‘%r%@@-@%@?‘? BR&l view
of the tolerance ring

Figure 2 is a perspective view of a tolerance ring according to one

embodiment of the present invention.

Figure 3 is a cross-sectional view of the tolerance ring along line
3—3 of Figure 2.

Figure 4 is a perspective view of a tolerance ring according to
another embodiment of the present invention.

Figure 5 illustrates a perspective Vicw of a tolerance ring according
to yet another embodiment of the present invention. -

Figure- 6 illustrates a cross-sectional view of the tolerance ring
along line 6%6 of Figures 4 and 5.

Figure '7 is illustrates a cross-sectional view of the tolerance ring
along line 6—6 of Figures 4 and 5, illustrating an alternate interlocking}

tab feature.



along line 6-6 of Figures 4 and 5, illustrating an

alternate interlocking tab feature. 460800 7 WD
WQoB8/H2BRIBI0 PCT/ US2007/ 075492 [0021] Fi gure BCT/BSH07/075492

perspective view of a tolerance ring according to a

further another enbodi ment of the present invention.

[0022] Figure 9 is a perspective view of a tol erance

ring according to still another enbodi nent of the

[0021} Pr esepgg&@}gegt 11 ‘ii\%rs&kgggé]vi&jv%’ﬂ £ t8RrdddeUshg alcesrding to a

Cross-sectiona w of the tolerance ring along Tine
10-10 of Figure 9. .[00Q24] Figure 1l.illustrates a
@Ygﬁ—%’@é@qrﬁ‘&bosﬁlﬁﬂt 8? alérﬂeﬁ%?téf“é ¥%Ying along line
10-10 of Figure 9, illustrating an alternative

[0022] i nterfFpckevds of pabpective OV Figuranc 2irigsaa@ording to still
perspective view of a tolerance ring according to yet

g{lf rF]téQﬁ@ﬁ%gﬂ@%ﬁ&&@ﬁn}%ﬁ%gm i nvention. [0026]

da Cross-sectional view of the
tolerance ring along line 13-13 of Figure 12. [0027]
[0023]  Fi gurBigie i 10 dbtstratassa ccressosestionst vitvalofvibenwiaderapge ring
tolerance ring along line 13-13 of Figure 12,

AR IR e v Lo acki e [t

[0024] é?,o gfl%gla:;lrg ?léfgf%%lgeusftgkggsess-se%ﬁ%%? Qflee%iovfe th\ei &)Vf/er%gch ring
aiong line 10—10 of Figure 9, illustrating an alternative interlocking
feature.

-10025] Figure 12 is a perspective view of a tolerance ring according to yet
a further embodiment of the present invention.

[0026] Figure 13 illustrates a cross-sectional view of the tolerance ring
along line 13—13 of Figure 12.

00271 | ‘Figure 14 illustrates a cross-sectional view of the tolerance ring

along line 13—13 of Figure 12, illustrating an alternative interlocking

feature.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS-

[0028] - 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

460800 ‘ ' 8



design 11. In one enbodinent, the tolerance ring 11 is
made from 300 Series stainless steel. The tol erance

wo 20vg/01B90 s fornmed froma 460800 8 WO 2008/ 0218O0DUS2007/075492
PCT/ US2007/ 075492 substantially planar base portion
that is curved to forma cylinder 13. The cylinder 13
has a first radius about a central axis and extends
for a fixed length parallel to the central axis.

04k g ey B Sk g s

tol erance,.rin
ﬂg@ere biss Tiahragivs A8 aeaa%tr@ﬂﬁf yfind eé?@gldﬁ%om%w
tolerance rings to readily interlock during shipping

, ?@ﬁﬂlldﬂgotl&cc&lmﬁl agiscyl i nder 13 of one tol erance
ring 11 can enter through the gap 21 and into the

ouns) S PR oSRERPal8 STuPRREIChr SHRERAE b

‘consum n% expensive and may subject the tol erance
faciljgated byt ghiad| along dbherderegth[ OB ramrering| ldr dhe @ap 21
ring 11 has a plurality of contacting portions 23.

Rh6in0nt ARt b Pt LS 2BcEfNdBL! ¥7.havhisa chPOrbailRAYs
Cross-sectiona shape extending axially along t he

etatonaings tarspady TmaPak i %Jk}éﬁ’lg‘?‘gr?“@%ﬂ“?‘z%r%ﬁam |

away from the interior of the tolerance ring 11.
lascylcleg3zedond1adlemince it il Vecancamén Guoagh ds gign ét\)hnand
|n the art include tolerance rings with contacting :

flhgrltg/}]%\%ntcﬁ Wa?ﬁ{lﬁgel@t of 3okt Yol PMREdirfY 1PF W&Rtating
interlocked tolerance rings 11 is time consuming, expensive and may
subjegt the tolerance rings 11 to handling damage.

[0030] The tolerance ring 11 has a plurality of contacting portions 23.
The contacting portions 23 generally have a rhomboidal cross-sectional
shape extending axially along the cylinder 13. As shown in Figure 1, the
cohtacting porﬁons 23 project radially outwérd in a direction away from
fhe interior of the tolerance ring 11. It is recognized that alternative
configurations known in the art include tolerance rings with contacting
portions 23 that project radially inward or project inward and outward in
an alternating fashioﬁ.

[0031] Fgme2isépmqmdhevmwcﬁatdaammrngSﬂmtmewmw

interlocking during shipping and handling according to one embodiment

460800 : . " . 9



[0032]

[0033]

460800

an alternating fashion. [0031] Figure 2 is a
perspective view of a tolerance ring 25 that prevents

wo paos/0bseki ng duri ng shi ppi ng and handl i ng accpeTURIPOT/@75492

one enbodi rent 460800 9 WD 2008/ 021890

PCT/ US2007/ 075492 of the present invention. The

tol erance ring 25 has hook-shaped tabs 27 and 29 with
opposite mati ng ends. These ends interlock with one

afehd preset &lveniohheTlgaplednteorimgd dahwheok-shepatighs 27
27 and 29. FIG 3 is a cross-sectional view of the

tol,erance ring. 25 alon [ 3-3 qf . Figure

bl o P RpoRis BB kisge g 1ERIHE gy one another
elimnating the gap 21, tolerance ring 25 cannot
tangbe tre ga il octed bétwethehe tediges Aicand RAgsFEG. 3 is a
during shipping and handling. [0032] Figures 4 and 5
cHd S AL PRERPREIH B ot herifl 23 élﬁﬁ%'ﬁﬁ@ ce Bl oFi3hre 2,
L aglprevents I nter ocl!ng urrng s }_plng and

nandl i ng using a non- |inear gap confjguration 37
aldesiraiingg thig I@F@]@Mitﬁ)@nﬁ%aﬁgef hg)’pﬁié’g’é‘ﬂﬁtmg e raPoR 1
The non-linear gap configuration 37 is formed between
eslgpmce Fn@ng chinotEdagleldr asrieck ahth3sththaslemaoe rigs 25
mLth a receig 33dof7e ge h15. gtf?an be envi si oned

t.hat edges n /_can have different matin or
p@@?ﬁﬁg n 883' Bag?gons that result in a nog-linear
gap configuration 37 between them For exanple, the
non- | Figaes damdcdnflugiatatpeopestive arewhel erolgpatretingd
di agonal |y traverse the axial wdth of cylinder 13 or

Gilgaﬁf hanesd fiedodEHE - Gl sRip AP hRt neemigdeRmela AbE
linear gap configuration 37 according to one embodiment of the present

invention. The non-linear gap configuration 37 is formed between edges

15 and 17. Edge 17 has a tab 35 that can mate with a recess 33 of edge

~15. It can be envisioned that edges 15 and 17 can have different mating

or reciprocal configurations that result in a non-linear gap configuration
’37 between them. For vexamplc, the non-linear gap configuration 37 can
b¢ envisioned to diagonally traverse the axial width of cylinder 13 or
configured as a semi-circular gap between edges 15 and 17.

Since the non-linear gap 37 affects the spacing and orientation of

‘contacting portions 23, additional or secondary contacting portions of

various dimensions can be used. Figure S illustrate a tolerance ring 31

that prevents interlocking during shipping and handling using a non-

10



[0033] Since the non-linear gap 37 affects the spacing

and orientation of contacting portions 23, additiona
we@eoosezspdary contacting portions of various PCT/US2007/075492

di mensi ons can be used. Figure 5 illustrate a

tolerance ring 31 that prevents interlocking during

shi ppi ng and handling using a non 460800 10 WD

2008/ 021890 PCT/ US2007/ 075492 |inear gap

fAedr gay abhApuRfion BN imgise Rl plugllity Yof WoncaingCportions 39

portions 39 and 41 within close proximty to the

non-l.i near. g confi.qurat i 37. .These can '

51 ong s “Ghet BT ATRE YL Br st e rEhAEb P neA”
mating cylindrical features of the actuator arm
Fhssarbbytaciing pertidres 3dband |4 nwaproyaphs radizhpralaad hktween
prel oad conpression provides frictional engagenent

%%@i%uﬁzpéﬁﬁﬁl?k%l FShiids ot thBRRGOf ?xtrﬂeasgg%ﬁbl ad185d the non-
Anot Frer I

advant age of having a plurality of contacting
ortions 39 and 41 close to the non-I.inear 37. 1.5
Hocare dipe sl b canial) Brelga oqom@r@§819ﬁbarﬁ§% frigfional
the tolerance ring 31. [0034] Figure 5 al so

bhiapeini @it ahapraviehsr aausl slpidgeuoticomatiop sty actriotger
portions 23. ntacting portions 23 are arranged in a

Luralit f rows ; alo f .t |y
Raviriiag de Brvb R pu PR WA ARG Ry M ) o
~a rhonboi.dal cross-sectional shape extending axially
tleongn-linearc ghp Adds toIedmrenmepsn caesnitrigitpoen ngas imBalapge,
and 41 project radially outward in a direction away

Efﬁ{@%%aféa%ﬁg%%.df the tolerance ring 11. It is

recogni ze alternative configurations known in
the art . . .
[0034] , Figure 5 also illustrates an alternate configuration for contacting

portions 23. Contacting portions 23 are arranged in a plurality Qf rOWS

along the surface of the cylinder 13. Contacting portions 23, 39 and 41

generally have a rhomboidal cross-sectional shape extendin’g axially

~ along the cylinder 13. The contacting portions 23, 39 and 41 project
radially outward in a directioﬁ away from the interior of the tolerance

o ring 11. Tt is recognized that alternative configurations known in the art
include tolerance rings with contacting portions 2.3, 39 and 41 that project |

radially inward, or project inward, and outward in an alternating fashion.

[0035] Figures 6 and 7 illustrate alternate cross-sectional views of
| tolerance ring 31 along line 6—6 of Figures 4 and 5. ‘In one embodiment,

the tabs iS and 17 are removably engageable to close the non-linear gap

460800 . 11



i nclude tolerance rings with contacting portions 23,
39 and 41 that project radially inward, or project

wo ewaoeiso@nd outward in an alternating fashi onPCT/088867/075492
Figures 6 and 7 illustrate alternate cross-sectiona
views of tolerance ring 31 along Iine 6-6 of Figures
4 and 5. I n one enbodinent, the tabs 15 and 17 are
renovabl y engageabl e to cl ose the non-linear gap

33 q8A0ed thaeb2ORBHO ZRiGA: PCROHWSANG 2g¢ 9492b 3F dverlapping
t herebet ween. Figure 6 shows the edge of tab 15

KRUETPLRR e SRR By psd AR b Phafudsobll iy S3 o cn

shown in Figure 7, the tabs 15 and 17 neet along the
pacthneecmbodfmenieag yhowdan FigureH, ghe tab? Ishands17 meeet along
protrusion 35 and cavity 33 by dashed-lines within

fepaaiRidt! 8NeAsSy it oM. | Peiflre TBshys mtd 'gfdtﬁjs'ilﬂl Bheind

non-linear gap configuration 37, tolerance rings 31 do

not, I r interlock with each other, durin
%‘flEbé?&%’aﬁ%ﬁ%ﬁ’&rﬂd@qsﬁd!&ﬂfogﬁfﬁfﬁﬁ glane gs fhe gylinder 13. By
perspective view of a tolerance ring 43 that prevents
unliginlgoglki men-tiuehngags opPigneationd 3Matulbiange wiigsg3 B do not
hel i cal gap 45. The edges 15 and 17 are angled to

EheParitEe i Bk AR Bbbitg ARRSRES P

helical gap 45 configuration, tolerance rings 43 do
[0036] not tRisyreS8ds 4 perepedstie Vgt of adeleranaseiingdsithat prevents
shi ppi ng and handling. [0037] Figure .9 is a

hi @it ge¥hiphir hod 8laadfife Nisiez 47hdllval gapedVentEh
?ﬁ%rggl%gc%i né ﬁrilggms%i ppi r?g an% ﬁg}%l i ng usigﬁfg) a tabe

g(?geasn%agnf RS tayer %ng]ed to allow a helical gap 45 to diagonally
traverse afound the axia_l width of the cylinder 13. By utilizing this
helical gap 45 configuration, tolerance rings 43 do not tangle or interlock
with each other during shippiﬁg and handling.
[0037] Figure 9 is.a perspective view of a tolerance ring 47 that prevents
| interlocking during shipping and handling ﬁsing a tab 49 and an aperture
51.. The aperture ‘51 is an opening formed in the cylinder 13 that is at
least large enough to receive the tab 49 on the opposite end. The tab 49
has a_cavity or opening 53 designed to account for mass eccenfricity of
the tolerance ring 47. It can be envisioned that the tab 49 can have any

- configuration that is receivable by a mating aperture 51 on the opposite

“end.
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51. The aperture 51 is an opening fornmed in the
cylinder 13 that is at |east |arge enough to receive
WO b@sizis9sl9 on the opposite end. The tab 49 hBST/ES2007/075492

cavity or opening 53 designed to account for mass
eccentricity of the tolerance ring 47. It can be
envi sioned that the tab 49 can have any configuration
that is receivable by a mati ng aperture 51 on the

[0038]  opposFigareend. adi66DQNustPaty\@l2008¢ @2d89Ectional views of the

‘ PCT/ US2007/ 075492 10038] Figures 10 and 11 illustrate

i N BRI

renmovably engageable with aperture 51. ure 10 )
ehgageahle aithyeperdwie Yur dtigure 101 shears aotab epnfigyeation
13. Figure 10 provides an alternate tab 49

g%fafgﬂér@ﬁé Oc,g'hndél*tlb a iy @fkgel(ﬁ§3rb91d‘é§caﬁ eAllerfepks 49
he tab 49 to the aperture 51. By elimnating the gap

tol erance. rin es not t or, i
GPHEEHen Polhe Pafesds | Aol 290wah ?f@ue‘rﬁ B ﬁﬁbeajhﬁ to the
handling. [0039] It is recognized that alternative tab
€1t uB§ etninatingahé gap 2datoletamcesag 4'0dets notntangle
e gap 21. For exanpl e, the tolerance ring 47 can

gﬁgﬁ?@g)@g Wit dehte @R By 7 g o e Bl Rl

' gure er spe e“vi ew o

toI erance r|ng 57 with two tabs 59 that are _renpvably

[0039]  engagaprecoginized thet alsernative satpand IperturgrondBuEipnPagan
with apertures 61 in the same manner as explained in

Py Wi gp 21t ahmaph e el oges con
“have a plurality of tabs that mate with a plurality of apertures. Figure 12
~ shows a perspective view of a tolerance ring 57 with two tabs 59 that are

rmmwﬂyaggwﬂewﬂﬂwo@awmﬂﬂ.ﬂmeS9wnmmamm
apertures 61 in the same manner as explained in Figures 10 and 11, o‘r the
tabs 59 can clip or hook into the apertures 61, as shown in Figures 13 and
14, The tabs 59 can have an L-shaped or U-shaped ﬂanga 63 that hook
on one edge of the opening of ai)ertures 61. Like the other embodiments
of the present invention, by eliminating the gap 21, tolerance ring 57
avoids éntanglement or interlocking with other tolerance rings 57 during
shipping and handling. |

[0040] It is understood by a person skilled in the art that any combination

of the embodiments described herein can be used without departing from
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14.. The tabs 59 can have an L-shaped or U shaped
flange 63 that hook on one edge of the opening of

wap@sierses 61. Li ke the other enbodi ments of PEEUS2007/075492

. 460800

present invention, by elimnating the gap 21,

tol erance ring 57 avoids entangl ement or interlocking
wWith other tolerance rings 57 during shipping and
handl i ng. 10040] It is understood by a person skilled
tHe plrpodé bf thapreasyt @OBRIIGRL Fop exahpld)a telasiaEng Sising
descri bed herein can be used w thout departing from

460800 13 WD 2008/ 021 PCI/ US2007/ 075492. h
B 0CaT 87D CRBNEPELRAC | RULRE SR LeP BNV Ty a tab 49

tol erance ring using non-linear gap configuration 37
gad dyerusedSi.n Sonbarwt ithe telerine rilg 4Singandndpeat gap
51. Simlarly, the tolerance ring using non-Ilinear gap
. ati . ot ] Lt
Rl o e LEAR eI n G TR, PRIy (1. @by 72
The tol erance ring using non-linear gap .configuration
amd eaplusalyy deansseEendbngl i 1HCRBER IH1EaPURE OBs1DEAT G

29. Al conbinati ons of the descri bed enbodi nrents can

- Benfis@dtibR 307 @ivedlo bt eed alodig witkinogk ashapoe ttel X anteo.

ring wth another. 46osoo 14 WD 2008/ 021890

R g;’gﬁ%ﬁ’@z{q%ggé‘tg @@%A:cggﬁ%@magodirsne%sahgr? el Fedlto fo%eyent

the interlocking of one tolerance ring with another.
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a cylinder having a predeterm ned | ength between two
ends, with a gap along the predeterm ned | ength of
wo b@soyisonder, the gap having a first and a sSPCDOS2007/075492
edge; and a first tab protruding fromthe first edge

of the gap overlapping the second edge. 2. The
tolerance ring of claiml1, further conprising a second
tab protruding fromthe second edge of the gap, the
second tab adapted to couple with the first tab. 3.

The tolerance ring of ciaim@, wherein the first tab
and the second tab have a hook-shaped configuration.

| { erance ring of claiml1l, wherein the first
_ What‘}s Tl é figured to engage a recess in the second
edge. 5. The tolerance ring of claim1, wherein the

fli.r st A &eramcesing comanisimeperture in the second edge.
.6. The tolerance ring of claim1, wherein the first

tab hgas = : I : aperture
it e enden OORE pr BRI B BB gy s Wien o
PCT/gSZOO /075495 7. The tolerance ring of claimil,
gap algpgthe predetemmingd lenghinfghe cylisende ghp Aayng o finstoind a
onto an aperture in the second edge. 8. The tol erance
second iedge;afndcl ai m 1, wherein the first tab has a cavity to
reduce mass i nbal ance of the tol erance ring.

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

protruding from the second edge of the gap, the second tab adapted to couple

with the first tab.

3. The tolerance ring of claim 2, wherein the first tab and the second
tab have a hook-shaped coﬁﬁguration.

4. The tolerance ring of ‘claim 1? wherein the first tab is configured to
~ engage a recess in the second edge.
5. The tolerance ring of claim 1, wherein the first tab mates with an

aperture in the second edge.

6. The tolerance ring of claim 1, wherein the first tab has an L-shaped

flange to hook onto an aperture in the second edge.

v 460800 . 15



9. The tolerance ring of claim1, further conprising a
plurality of contacting portions, each contacting
W@eoosioorsopr oj ecting a radial di stance from thBCT/US2007/075492
cylinder. 10. A tolerance ring, conprising: a cylinder
having a predeterm ned | ength between two ends, with a
gap along the predeterm ned | ength of the cylinder,
the gap having a first and a second edge; and a first

tab pMtertattiraged Fiadfhgaiih 1S wiRASA tRE fir?tetagfh‘éll'sid1 ésr}f’égted

recess for receiving the first tab in the cylin
: the second edge of th ap. 11. The tolerance ring of
ﬂangec‘iog?%?ﬁ?ﬁtov@ﬁle%@rﬁ“?%%$§£‘Pnéfgéeand the second edge
of the gap have a non-linear configuration. 12. The

t8ol er dheeaokdrmgreofing |cdi afaih 1, fulrerbiar the divst tabi g & cavity to
plurality of contacting portions, each contacting

i L0 [ ' di stance from the
reducdf ot b RRGLE BT U R Bl O 2 0 BT 2007, 075492
- 13. A gol erance ring configured to prevent
Pnt er TBekolgange ring of edaim s i fugthenicopiprisiama phmalityngf
in bulk, the tolerance ring conprising: a cylinder
contadlidgi pertdnkadhcts cah@itin \ ' t |
pr‘gldg?grm ned | ength bgtrbv\(gggﬁtl\%gjicﬁ%lgégﬁ%mahgsg%lﬁenﬁom
the ¢ fihﬁ surface of the cylinder along the predeterm ned
Y Iéegrth of the cylinder at an angle to the axis of
rotation. 14. The tolerance ring of claim 13, wherein

tthe gApolasnce fingstorapdsiag:
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; and
a first tab protruding from the first edge of the gap into a recess for
receiving the first tab in the cylinder at the second edge of the gap.
11.  The tolerance ring of claim 10, wherein the first edge and the
second edge of fhe gap have a non-linear configuration.
12. The tolerance ring of claim 10, further comprising a plurality of
contacting portions, each contacting portion perecting a radial distance from

‘the cylinder.
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second edge. 15. The tol erance ring of cla!n113,

further conprising a plurality of contacting .
W@ouosioorss) each contacting portion projecting BCT/a8208/075492

di stance from the cylinder. 16. A tolerance ring,

conprising: a cylinder having an axis of rotation wth

a predetermned length between a first end and a

second end, and a gap in the surface of the cylinder

ex8endingleianes igs @dhtiabted {4 &e{h? nigge:rﬁickﬁ{“gj ofAhEEngs

second end, the gap having a non-| _
curinf AN Sl g T B 2E 065 0 Bmaiteg. 15,

The tolerance ring of claim16, further conprising a

pl ur ald tgylofder cloaxtingt & ncadnay tabons, areasds M i@ativRIwith a

portion projecting a radial distance from the
prede®tiif€g Ten AR HRPVedr two ends, and a gap in the surface of the cylinder
along the predetermined length of the cylinder at an angle to the axis of rotation.

14. The tolerance ring of claim 13, wherein the gap has a first and a
- second edge.

15. The tolerance ring of claim 13, further comprising a plurality of
contacting portions, each contacting portion projecting a radial distance from
the cylinder.

16. A tolerance ring, comprising:

a cylinder having an axis of rotation with a predetermined length
between a first end and a second énd, and a gap in the surface of the cylinder
extending circumferentially from the first end to the second' end, the gap having
a non-linear conﬁgufatibn.

17. The tolerance ring of claim 16, wherein the gap has a first and a
second edge. | |

18.  The tolerance ring of claim 16, further comprising a plurality of

contacting portions, each contacting portion projecting a radial distance from

the cylinder.
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