TOLERANCE RI NG HAVI NG VARI QUS END TAB DESI GNS TO PREVENT | NTERLOCKI NG
BACKGROUND OF THE INVENTION 1.Field of the Invention. [0001] This

i nventi on welxatsaziggeneral |y to bearing tol erance rings. pdiyus007/075492
particularly, the invention pertains to tolerance rings used in
cartridge bearings for actuator arns in information storage devices,
such as hard disk drives. 2.Description of Related Art. [0002] A key
conponent of any conputer systemis.a device to store data. One
comon- pl ac¥ FIAERANCENRINGSHAMINGOVARIOAFS ENIa TAB DESHENSer system
is on a disc drive. TheTOPBPRENENT IDAFERILOCKINIGSC drive are a disc
that is rotated, an actuator that noves a transducer to various

| ocati ons on the discBARAKGRIETND o&l TERTSWRENYIORat is used to wite
and read data to and Tfromthe disc. Coupled to the actuator is a

head- gi nbal .asse I% &ﬁﬁ Ehaﬁ i ncludes a head and netal suspensi on.
The HGA' s caan be r into a head-stack assenbly (HSA),
which is propelled_across the disk surface by the actuator. There are
a vai0i08ll of di s&hisy investiom relgtestgraaiallysiocbeasmghiatatantesongs:i Mere zi p
drives, floppy disc drives. Al utilize either rotary or |inear
actuators. particularly, the invention pertains to folerance rings used in cartridge

bearings for actuator arms in information storage devices, such as hard
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 massive amounts of data in a computer
system is on a disc drive. The most basic parts of a disc drive are a disc
t_haf is rotated, an actuator that moves a transducer to various locations on
the disc, and electrical cirquitry that is used to ﬁ*rife 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
togetfxef into a head-stack asseﬁbly (HSA),l which is propelied across the
disk surface by the actuator. There are 2 variety of disc drives in use
today, such as hard disc drives, zip drives, floppy disc drives. All utilize

either rotary or linear actuators.
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460800 1 WD 2008/ 021890PCT/ US2007/ 075492 [0003] I n hard disk drives,
magneti c heads read and wite data on the surfaces of rotating disks
t hat are c@oaxsésakiggo nounted on a spindle notor. The PCT/US2007/075492
magnetically-witten bits of information are laid out in concentric
circular tracks on the surfaces of the disks. The disks nust rotate
qui ckly so that the conputer user does not have to wait long for a
desired bit of information on the disk surface to becone positioned

underf0808 head. I maﬂedrskdm«esm%gmncc}aaaas beid aﬁﬂdwhfea%t% & She Pe
extrenely narrow and cl osely spaced to achieve a high density of

i nformati on i df B8 Qflsﬁsqﬁatd%r% kco-zt!{ %l ﬁt\olugﬂ% O %I' Hﬁmﬁ f‘g{%lloi%?f ace

smal | size an ose spac ng of orna

have consequ ces on the design of the disk drive device and its
mechani cal .cofpdRagcdica it Bitsed tinformstivarare daids eefuam cencengrie hat
the magnetic transducer on the head nust operate in extremely close

proxi mty tocirtidanbgelestorctheuwnffaces of thelitskdl Sthe dsdeauss rohes quickl '
relative notion between the disk surface and the magnetic head Jue to

he ~di sk b h
head and B?tsi“ o ﬂ?‘ﬂg‘éﬁ A0 Rk s IE90I BB B RE A BPRIREDT g

tri bol ogi cal. al|zl# , \/\@1 oIIo U|aIIy as a_ "head crash,” can
damage the dirdRmy Hmh%‘h fo,b QP&GEeP%‘tl@qddwefﬂ%h%rhl t he

magneti ¢ head is desi gned to be hydr odynami cal | y supported.by an
extremely t hinademr dlbbainmg, datattitatarid sackagmesti be exaemdlicRirréRMNand
operate in close proximty to
closely spaced to achieve a hlgh density of information per unit area of
the diék surface,

[0004] ~ The required small size and _qlose spacing of information bits on
the disk surface have consequences on tI;Le design 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 &e rﬁagﬁetic head
due to the disk rotation and head actuation, continuous contact between
_the head and disk can lead to tribological failure of the intér_face. Such
triboIogif:al failure, known colloquially ‘as a “head crash,” can dame;ge 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
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WO 2008/ 021890PCT/ US2007/ 075492 t he di sk whi | e physical contact

bet ween the head and the disk is mnimzed or avoided. Typically, the
head- t o- di @l 26@a2199g present during operation of noder redwaigodtioskio:
drives is extrenely small, neasuring in the tens of nanoneters.

[ 0005] Characteristics of the actuator used for noving the magnetic
transducer in close proximty to the disk nust be considered by the
designer to mininize vibration in response to rapid angul ar notions

and ot her exgid afidionshildQihySiaofiact NSrABLY AT hAIdMaRHSthcD B! i f

enough and the actuator pivot bearing nust be of gh enough quality

so that the it of t.he, head. can be, precisely cantrolled during
oper ati on. Aﬁ'l glil,nh?%gof ﬁY‘EB?’%ciyﬁ'&?@%éﬁe PE%‘E H?:“Bl?ktSB?mﬁg Rressat dHEdi vot
bearing nust be of sufficient rigidity and strength to enabl e precise
control of tpRerAder opowiderohard diskdrivgseis akiromehngnalh measviidg i be
boundary-condi ti ons necessary to facilitate higher natural resonant

frequenci es whswrhsgdheerof the actuator arm Typically, the actuator
armis fabricated fromalum numor an alloy of alum numand is

t her softer .e. easkl.y scratched than the, pivot bearing

sl eegéeo,%&hi chis yg?éggllrlﬁfsf gtrtﬁ%aqcéﬁat?? c}fﬁeét rnl”é’é’érpgsttg%lmam’%] The
stiffness of the actuator nust also be sufficient to [imt deflection
that night cERsduedntaetossi preximyy diostheddisknyusie bhastinsalerach bykthe
events. Likew se, the interface between the actuator structure and
the pivot b&sidneg towusihiliee ofib:atibh iif ir€gHonsé k@ Rl ahSulRf @Y RMns and
catastrophic structural failure such as axial slippage between the

2; Eﬁgafgaf‘r: &g@%@\%ﬁ?@ U, O ARl YO 1th O G8GBAY a2 hGEYS ndUGER echolu%fl I8d
the actuator pivot bearin_g must be of 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
posit_ion during operation and to provide the boundary conditions
Inecessaxjy to facilitate highef natural resonant frequencies of vibration of

- the actmator arm. Typically, thé 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.
[6006] 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 between the actvator structure and the
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[0007] In rraﬁy disc drives, the actuator armor arnms are fixed to the
actuator pivot bearing by a tolerance ring. Typically, tolerance

rings inclwdeogn2e0en cylindrical base portion and a plpdtagdabose8ds92
contacting portions that are raised or recessed fromthe cylindrical
base portion. The contacting portions are typically partially
conpressed during installation to create a radial prel oad between .the
mating cylindrical features of the parts joined by the tol erance

ring. The ragiak BSineashsp oS i desy fr | %%Pl nt
t hat pr eventgv?ét ué? gl ?hr}%agjgeyg Sét"ﬁgm?fgﬁétnrgﬁ%gr{ds% or?e&ag%pgll%gs{?n

di sc drive applications, the radjal, conpressive_ preload of the

tol erance ri %&W@éﬁ?‘ge%g&@%ﬂ@ slipppge beppegdhgrctustor arpy and thee

bet ween the actuator armand the pivot bearing during operation and
dur i ng ‘mechamitoatior phaxt beannensiseveldeintpolhegeanechanicadsidckeevaatss as a
radial spring. In this way, the tolerance ring positions the interior

cyli E%Udl‘]?g.a' par t mheldhl Vfisd ArilvBe t?l)ét%%?e%r ﬁﬁjni&déﬁﬁsala{eoﬁxted%i {hne

maki for radii clearance anfdd nmanufacturing variations in
radius of the parts. [0 08} Addi tional feat urezr have been added to :
tol erance ri ﬁ@atp{{,pé LaPFRIINGLRY & FRICIRRGR fingg e d YPIBHY e SelRisES ringsu. S. -
Patent No. 6,288,878 to Msso et al., circunferential brace portions
wer e added tinctide @rolopeamydindiiog) basep@Eionandi agleatiey héaunsdctiaggt h.
U.S. Patent No. 6,338,839 to Msso et al. discloses a tolerance ring
whi ch provi gesitigné Bt GRSIHR red RFPIrbRALthO By lii:7&1 BaQ pdrBion. The
contacting portions are typically partially compressed during installation
" to create a radial preload beMeen the mating cylindrical features of the
parts joined by the tolerance ring. The radial preload comprcssion
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
éylindrical part relative to the exterior cylindrical part while making up
for radii clearance and manufacturing variations in the radius of the parts.
{0008] . Additional 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
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[0009] U.S. Patent No. 4,790,683 to Craner, Jr. et al. discloses the
use of a conventional tolerance ring in conjunction with a

cyl i ndri calyohésizigeo appl i cati ons characteri zed by str uctaiedabdriorssoz
significant radial vibration or |oading. The shim prevents
deformati on of the soft underlying material and thereby prevents
undesirable.partial relief of the radial conpression that naintains
frictional. engagenent of the tolerance ring. [0010] State of the art

tol erance ri ilgsesechoypistahgth. MG apdtentelof raB3 @839 ab MALR! oshget
w th stanmping, formng, rolling, and other steps to provide ways to

recess cont agi, rii j ra cylindri.cal ,shape. A
perspective \iil%sg%gg %aeolpl)%g%?eagﬂgaytv% Cgﬁgarﬁggdégi%gé%sc%ﬂs&é r"&%%lgfﬁioﬁ FIG .
1. Because of the y tol erance rings are manufactured, they
typically hatacapgdpeor spaci ng fornmed where the opposite edges of
the rolled netal -sheet neet. This gap or spacing allows tol erance
ri ng$0a09]i nt er | odl.Sd Pateng Noh 4 (MO0rES 3a0Chaand) i er aSeimldies B use of
interlocked tolerance rings is a |l abor intensive, tinme consunm ng

effort that } j 261 St | eran .| t ©. damage.
O et & RoRHBRRTY CoRee R St IEchdl SAATEE, LAy RN
installing the actuat 0{1 armin %@hard di sk, .there renains a

conti nui ng rRICRHOR Ehafasteriged SStTWYQBDS;ﬁ&TQﬁBWP@ﬁa@S’i@@ﬁP@75492

loading. The shim prevents deformation of the soft underlying material
and thereby prevents undesirable partial relief of the radial compression
that-maintains frict’iénal engagement of the tolerance ring.
[0010]  State of the art tolerance rings are typically manufactured from a
| ﬂa‘; metal sheet with stamping, forming, rolling, and oth@r steps to
provide ways to recess contacting portions and a final generally
' cylindrical shape. A perspecﬁve 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 O; spacing allows
‘tolerance rings to interlock’ during shipping and ‘handling. Separating .
interlocked tolerance rings is a labor intensive, time con’suﬁing effort that.
is expensive and subjects the t'oierance‘ rings to damage.
[0011] : With an iﬁéfeasing demand for improved consistency in installing

 the actnator arm in a hard disk, there remains a continuing need in the art
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for a tolerance ring design that prevents interl ocking during

shi pping and handling. It is to such inprovenents that the present

i nventi on we 2ereedoed. SUMMARY OF THE, | NVENTI ON [ 001Z2crnts2h@roasyoe

ring having a cylinder with a predeterm ned | ength between two ends,

and a gap along the predeterthined I ength of the cylinder. The gap

has a first and a second edge. Protruding fromthe first edge of the

gap is a first tab that overlaps the second edge. A second tab nmay

protrude frgsn 4 bslesacendgaitgignahat preveap interlockipg during lshipping andst

tab. The first tab nay have a hook-shaped end that couples to a

hook- shaped . t he:.s ts LT t i ed so

that it i's hg@%g%geaglg &f?ﬂg%nﬁgggggﬁ?ghiﬁk%ﬁ@? ecoggqgggghggq%he

gap. The tab_configuration nay have a cavity or aperture to account

for mass ecé@ﬁﬂﬁﬂcity of the tolerance ring as required. The tab may

be configured into an alternate L-shaped or U shaped fl ange that
perture in the opposite edge of the gap

or an aperture in an DPNOEA] Hh THETMEVENAIOMY be configured to

engage each other. In another enbodinent, a non-linear.gap is forned

frog};gg‘% end of Ahﬁﬂ&rﬁhé@@ﬁg M"’i{;%% ng'lﬁlﬁferaﬁiﬂh a WRdetermined length

200 890PCT/ US2007/ 075492 BRI SCRI'PTI ON THE DRAW NGS-

[0013] The exagt  MALYE %, 4 % '2YeNbhE the FredibinAla 1BEzMPbEHhe and

cylinder. The gap has a first and a second edge. Protrudingfrom the first
edge of the gap is a ﬁrst.tab that overlaps the second edge. A second tab
may protrude from the second edge of the gap to couple with the first tab.

~ The first tab may have a hook—shaf)ed end that couples to a hook-shaped
end on the second tab. The first tab may be conﬁguréd o) fhat it is
engageable with an aperture in the second edge of the gap. 'ThetaE
configuration may have .a. cavity or aperture to éccoﬁnt for mass
eccentricity of fhe tolerance ring‘as required. The tab maﬂr be cor_lﬁg,ured
into an alternate L-shaped or U-shaped flange that hooks into the qpaning '
of an aperture in the opposite edge of the gap or aﬁ aperture in an
opposing tab.-The tabs may be coﬁﬁgured to. ;:ngage- each other. In
another embodiment, a non-linear gap is formed from one end of the

cylinder to the other end.
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advant ages thereof, will becone readily apparent from consideration
ofthe foll ow ng specification in conjunction with the acconpanying
drawi ngs i wowhéesaizidoo ke ref erence nuneral s desi gnat e | i KBCIoBS2067/075492
t hroughout the figures thereof and wherein: [0014]Figure 1 is a
perspective view of a prior art tolerance ring. [0015]Figure 2 is a
perspective view of a tolerance ring according to one enbodi nent of
the present invention. [0016]Figure 3 is a cross-sectional view of

the tol erance ri nBRIEFTIOESCREPTIGNODF AT DRAWINGBL 7] Fi gure 4 is a
perspective view of a tolerance ring according to anot her enbodi nent

o BRSSPSR gk B i e 58 o RaRehAYe

advantages thereof, will become readily apparent from consideration of
the following specification in conjunction with the accompanying
drawings in which like reference numerals designate like parts throughout
the figures thereof and wﬁerein:
[0014] Figure 1 is a perspective view of a prior art tdieranpe ﬁng.
[0015] | Figure 2 is a perspective view of a tolerance ring according to one
embodiment of the present invention.
{0016] : F.i‘gure 3 is a cross-sectional view of the tolerance ring along line
3-3 of Figure 2.
10017] Figure 4 is a perspective view of a tolerance ring according to
another cmbodim;ent of the present invention.
[6018] Figure S illustrates a perspective izi;-w of a tolerance ring according
to yef another cmbo_dimént of the present invention.
[0019] Figure.G illustrates a cross-sectional view of the tolerance ring
along line 6;6 of Figures 4 and 5.
[_.0‘020] Figure .7 is iilustrates a cross-sectional view of the tolerance ring

along line 6—6 of Figures 4 and 5, illustrating an alternate interlocking

tab feature.
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to yet another enbodinent of the present invention. [0019]Fi éure 6
Il lustrates a cross-sectional view of the tolerance ring along line

6-6 of Fi gwnesoshzamd 5. [0020] Figure 7 is illustrates aCT/Us2007075492
cross-sectional view of the tolerance ring along line 6-6 of Figures
4 and 5, illustrating an alternate interlocking tab feature. WO

2008/ 021890PCT/ Us2007/ 075492 [0021] Figure 8 is a perspective view of
a tolerance ring according to a further another enbodi nent of the

Pres{1j nventi oBigure 8 is a perspective view of a tolerance ring according to a
further another embaodiment of the present invention.
[0622] Figure 9 is a perspective view of a tolerance ring according to still
| another embodiment of the present invention.

-[0023] . Figure 10 illustrates é cross-sectional view of the tolerance ring.
along line 10—10 of Figure 9.

- [0024] . Figure 11 illustrates a cross-sectional view of the tolerance ring
allong line 10—10 of Figure 9, illustréting an alternative interlocking
feature. |

-10025] Figure 12 1s éperspective view of a tolerance ring according to yet
a fuirther embodiment of the present invention.

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

[0027] ‘Figure 14 illustrates a'cross—éectiona] 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 'i_s formed from a

4'611800 - . 8



[0022] Fi gure‘9 is a perspective view of a tolerance ring accor di ng to
still another enbodi ment of the present invention. [0023]Figure 10

I 11 ustrat ewoaosresss sect i onal

10-10 of Figure 9. [0024]Figure 11 illustrates a cross-sectional

of the tolerance ring along line 10-10 of Figure 9,
alternative interlocking feature.

view of the tol erance ri ngraisaog/obspe

Vi ew

il lustrating an
[ 0025] Figure 12 is a perspective

view of a tolerance ring according to yet a further enbodi nent of the

present .i nvembstantiall P PRGhIbARpRriddn that istureteto forel eglisdee tiBolae vi ew
of the tolerance ring

[0029]

[0030]

[0031]

460800

cylinder 13 has 4 first radius about a central axis and extends for a fixed

. length parallel to the central axis.

Radial expansion and contraction of cylindrical 6pening 19 is

facilitated by a gap 21 along the length of tolerance ring 11, the gap 21

having a first edge 15 and a second edge 17. This gap 21 allows
folerance rings to readily interlock during shipping and handling because
a cylinder 13 of one tolerance ring 11 can enter through the gap 21 and
into the cylindrical opening 19 of another tolerance fing 11. Separating
ihterlocked tolerénce rings 11 is time consUmmg, expensive and may
subject the tolerance rings 11 to handling damage.

The tolerance ring 11 has a plurality of contacting portions 23.
The contacfing portions 23 generally have a rhomboidal cross-sectional
shape extendmg axially along the cylinder 13. As shown in F1 gure 1, the
contactmg portlons 23 project radlally outward in a direction away from
thc interior of the tolerance ring 11. It is recognized that alternative
éonﬁgurations known in the art include tolerénce rings with contacting

portions 23 that project radially inward or project inward and outward in

~an alternating fashion.

- Figure 2 is a perspective view of a tolerance ring 25 that prevents

interlocking during shipping and handling according to one embodiment

.9



~

along line 13-13 of Figure 12. [0027]Figure 14 illustrates a
cross-sectional view of the tolerance ring along line 13-13 of Figure

12, il ustwate@zane al ternative interlocking feature. DBichAldbd075492
DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS [0028] Figure 1

illustrates a perspective view of a prior art tolerance ring design
11. In one enbodiment, the tolerance ring 11 is nade from 300 Series
stainless steel. The tolerance ring 11 is fornmed from a

subst anti al |of the @pégenb@seniion.t The tblRednce TiruRy aas h@oli-@lliaped tald RMder:
13. The cylinder 13 has a first radius about a central axis and

tends f

SivnTon BTl S R
a 21 t th of I

B O 2L g e o OGS, 7 e 990 2, hev 1o @

rings to readily interlock during shipping and handling because a

cylinder. 13 @bswosetibphlevianad the bgerhhee ing st Along hinedgh3 bfiFigap 21 and
into the cylindrical openlng 19 of another tolerance ring 11.

Separ 20109, S s STRRES, IR, B RGBT 2o
tolerance ring 25 cannot tangle or interlock with other tolerance rings 23
during shipping and handling.

[0032] - Figures 4 and 5 illustrate perspéctive views of a tolerance ring 31
that prevents interlocking during shipping and haﬁd]ing using a non-
liﬁear 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 nonQIi_near gap configuration
37 between them. For 'cxample, the non-linéér gap configuration 37 can

: be ex_wisioned to diagonally traverse the axial width of cylirider 13 or
configured as a semi-circular gap between edges 15 and 17.

[0033] | Since the non-linear gap 37 affects the spaging and orientation of
‘contacting poﬁions 23, addiﬁional or secondary contacting portions of

'various dimensions can be used. Figure 5 illustrate a tolerance ring 31

that ‘prevents interlocking during shipping and handling using a non-

460"300 ) . 1 0 .



100301The tol erance ri ng 11 has a plurality of contacting portions
23. The contacting portions 23 generally have a rhonboi dal

Cr oss- sectwonass/eiw@pe extendi ng axially along the cyl i naerushdor/04s92
shown in Figure 1, the contacting portions 23 project radially

outward in a direction away from the interior of the tolerance ring
11. It is recognized that alternative configurations known in the art
I nclude tolerance rings with contacting portions 23 that project
radi al |y i nikicdr gap RoATigeation\3dy Having Dpluvaitg dfrcoatactng qrondonsdo
fashion. [0031]Figure 2 is a perspective view of a tolerance ring 25

that prevent % | E% ﬁ,piklﬂﬁ kijng, gﬁ{}guird%séal BRI _ﬂgg%rgg,gf kb AGEGH gﬂgn% atso

one embodi né e pres nvention. ance-ring

hook- shaped tabs 27 and 29 with opposjte mati ng ends. These ends

i nt er | ock . wikhese kentaabRs 8PS oo ‘?hémalaﬁfe;geﬁ lﬁiarel%qfwéwe?%e
edges 27 and 29. FIG 3 is a cross-sectional view of the tolerance
ring 25 al ongatingheylthddicaf fdahges ef Zhe ddthiatot mahiasserhblysadrosetht owki ng
tab feature.” By elimnating the gap 21, tolerance ring 25 cannot

tangle or 1fhght ol W7t N P FhohP! RERAACCSAPRASIRA FVidR HHiARRLNO and
engagement that prevéﬁts actual sfippage of the mating parts. 'Another
advantage of having a plurality of co'ntactipg portions 39 and 41 close to
the n_on—linéar gap 37 is to reduce mass eccentricity, or mass imbalance,
of the tolerance ring 31.
[0034) ’- _ Figure 5 also illustrates an alternate configuration for contacting
portions 23. Contacting portions 23 are arranged in a plurality qf TOWS
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 port.ions 23, 39 and 41 project
radially ovtward in a.directio.n away from the interior of the tolerance
- ﬁng 11. Tt is recognized that alterhative configurations kn-own in the art
include tolerance rings with_ contacti-ng ﬁortions 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

450800 o ' 11



[0032] Figures 4 and 5 illustrate perspective views of a tolerance
ring 31 that prevents interlocking during shipping and handling using
a nonl i neawo@agemadi guration 37 accordi ng to one enbodramns200fo7440€
present invention. The non-linear gap configuration 37 is forned

bet ween edges 15 and 17. Edge 17 has a tab 35 that can nmate 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- | i near @dpformet itherebttween 3 Fipetwednowshibmedgo nf eataivplogerlapmng
non-1inear gap configuration 37 can be envisioned to diagonally

traverse th I i AN = Qr it AT :

sem -ci rcul ?%@éggé }g‘g{t\%gg?é”c]g’éést@gﬁ?ﬁ@lﬁ3{%8%‘%% tﬁge&?htg 3ngén-hh near
gap 37 affects . the spacing and orientatio f contact portions 23,
addi t i onal @m@@em@&ayn NSy rf‘oﬂstgaffa S\l o BeREAIOR B s
can be used. Figure 5 illustrate a tolerance ring 31 that prevents

i nt er | ocki nghel paiangetahopiiiencylimddr AAndipmg Tshows thenprotrusiw@0BDedd WO
2008/ 021890PCT/ US2007/ 075492 | i near gap configuration 37, having a

plLuraLi ty. OloafRE30l) BEBANLIANGIHR] dRdaht MiLIR] Gamaer 931 Y Lo

t he non-|inear gap Iguration 37. These ‘contacting portions 39 and
41 inprove the radjal prel oad between nati | indrical .features of
the act uat oPUNZEdE 'ﬁn%r%"s.c? gien ﬁgaf(}ialgac%yl_ngﬁﬁé %&Ogl
prel oad conpression provides frictional engagenent that prevents
actual sl i ppangle of intérdockawithgagiaother during Haippagandtlegdling. havi ng a

plurality of contacting portions 39 and 41 close to the non-Ilinear

gap [8g36p tO I edpRArdBSS 2O ectivE ividty offa toRIEnde iR ABGRat Mbvdrie
tolerance ring 31.7 [0034]Figure 5 also illustrates an alternate

configurati %‘ri]textlgcr:kiﬁg d u%f:ntgI sr}gpping and handling using a helical gap 45. The .
| .edges 15 and 17 are angled to allow a helical gap 45 to diagoﬁally'
traverse a£'0und the a:v{ia} width of the cylinder 13. By utilizing this
helical gap 45 configuration, tolerance rings 43 do not tangle or interlock
with eéch other during shippi;lg and handling.
[0037] Figure 9 is.a persp'ccti\(e view of a tolerance ring 47 that prevents
| interlocking during shipping and handling using a tab 49 and an aperture
51.. The aperture 51 ié 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 eccen&icity of
&16 toIerénce 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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portions 23. Contacting portions 23 are arranged in a plurality of
rows along the surface of the cylinder 13. Contacting portions 23, 39
and 41 genwoabésyzimawve a rhoi nboi dal cross-sectional shamereshendsog
axially along the cylinder 13. The contacting portions 23, 39 and 41
project radially outward in a direction away fromthe interior of the
tolerance ring 11. It is recognized that alternative configurations
known in the art include tolerance rings with contacting portions 23,
39 of838)L that pFegures 1Paatidal 1 jllustrate diferoateprofsesactipnalarigys arfdthe
outward in an alternating fashion. [0035]Figures 6 and 7 illustrate

al ternate creRsaReGidLAhlonkewe W1 0leraanGe o iTHE (3B 48!i9RembidKty 66 of
Figures 4 and 5. In ohe enbodi nent, the tabs 15 and 17 are renovably

5.1
ble to cl th -1 ng 46080911 3 .
her obet weeifeREgTe "BULABHRUFEnd  lURTB L P bl I L BRR G RN cage
y

of tab 17, while the protrusion 35 overlaps the cavity 33. In another

enmbodi ment , pdanashtowthe neyttingler £3.7, Figuret 40 sprosidgsdant 7lveseate ajabnd%t he
paranmeter of the cylinder 13. Figure 7 shows the protrusion 35 and

cavity 33 byoffigh@tioh! 086 W filMde 31q0 SRRl adﬂ}%gﬁas thd1@atle Y9 Relethe 13.
By utilizing thé non-linear gap configuration 37, tolerance rings 31

andii ng. | [BE98T -t ik R arta L Rbtst iR b L ERes e B g

43 that prevents interl ocking during shiﬁf)pi ng and handling using a
hel i cal gap oadntentaek sddeathertolaranceringset adingshippiag pad/handléng.cal gap
45 to diagonally traverse around the axial wdth of the cylinder 13.

By ypoBogi ng thi gk ibetdopaizedaRaddtceaaiivegub ahd @pertinel cohfigoetionsgan 43 do
not tangle or interlock-with each other during shipping and handling.

003 Tl £ Behskd 1B MEKiAARThE Hp %1°H 6 bt @6 Rrdrl Rtk 41 B3h
| _have a plurality of tabs that mate with a plurality of apertures. Figure 12
~.shows a perspective view of a tolerance ring 57 witﬁ_ two tabs 59 that are
~ removably engageable with two apertures 61. The tabs 59 can mate with
apertures 61 in the same mannef as explained in Figures 10 and 11, o} the
tabs 59 can clip or hooic into the aperfures 61, as shown in Figures 13 and
'147. The tabs 59 can have an L-shaped or U-shaped ﬂang_é 63 that hiook
on one edge of the opéning of aiJertur¢s 61. Like the other elﬁbodiments
of the present invention, by-eliminating the gap 21, tolerance ring 57
avoids éntangicment or interlocking with other tolerance rings 57 during
shipping énd 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

450300 1 3



i nterl ocking during shipping and handling using a tab 49 and an
aperture 51. The aperture 51 is an opening fornmed in the cylinder 13
that i s atwbeasstozisas ge enough to receive the tab 49 on pdwuppeside
end. The tab 49 has a cavity or opening 53 designed to account for
mass eccentricity 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. WO

2008/ 021890RKT hi5000 BF BTEALEcrT 0SNG oe 2xAfphnd thleradderity ading
alternate cross-sectional views of the tolerance ring 47 along |ine

10- 10 of Fi ure
51, Figuro Torgiies taF cbBigfbEs F?@é@ﬁgﬁdﬁtgﬁgﬁﬁﬁkﬁ?t@*@@?ﬁ%%r 13,
Figure 10 provi des an aIternate t%g 49 confi guration b a fl ange
55 to .secur @ng emsupire the pumlarly,tihet ilerapes fidge USIDE BYP-ENPRH B3R i ng
the gap 21, tolerance ring 47 does not tangle or interlock wth other
tol erance ricogfigdratidnrihgarsbe ppeddn aombieatidhiwgh a ploagiey oftabsS9 -
recogni zed that alternative tab and aperture configurations can be

used to eI| |ty u%ﬂ?czg:g}patp%gturé: sH1. e’fﬁmtt)l%rar{cgefuigoﬁ %‘ 68-1reas éﬂ can

have a plura hat nate with ura apertu

Figure 12 .shows a perspective v f at Ier
t abs- 59 t hatcORHEAERB K aé??g%’é??\gl ong yithihge a%él":fciﬁa&%fnd e tabs

59 can mate with apertures 61 in the sane manner as explained in

Figures 10 aidl coibimationbeftthbsies@itxancroboginemthouk be nsed thereypatt ures -

61, as shown in Figures 13 and 14. The tabs 59 can have an L-shaped
or U shaped nd R t he openi ng of
apertures G{ﬁéﬁﬁgﬁbéﬁEgoPﬁer en%@ﬁinen??%%gmgﬁg present invention, by
el imnating the gap 21, tolerance ring 57 avoi ds entangl enent or
interlocking with other tolerance rings 57 during shipping and
handling. [0040]1t is understood by a person skilled in the art that
any- conbi nati on of the enbodi nents descrlbed hereln can be used

wi thout departing from
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46030013 the purpose of the present invention. For exanple, a

tol erance ring using non-linear gap configuration 37. can be used in
conbination with a tab 49 and aperture 51. Simlarly, the tol erance
ring using non-linear gap configuration 37 can be used in conbination
with a plurality of tabs 59 and a plurality of apertures 61. The

tol erance ring using non-linear gap configuration 37 can al so be used
along wt 150aREd: tabs 27 and 29. Al conbinations of the
describedﬁgﬁgg§¥§éntsgban be used to prevent the interlocking of one
tolerance ring with another. Wat is clainmed is: 1. A tolerance
ring, conprising: . a cylinder having a central axis of rotation, an
out er surk-atéolgrange sngy UBPIEAENed | ength between two ends and a gap

firet edge andeuiidioffying ol Coffal (4 e dE0hng =P atRE Rty e
ext endi ngybAGBHAIHRA R DBy AN/ J eitisnmld] &/ gad Ql%ﬁg?hfgfédieﬁb?m@ﬁed 1@ﬁ§%2p

and defining the perinmeter of the outer surface o e cylinder,

first edgef thadylindes coopap bagagrefirsg edae ahdl el second adge, dhb dirstagdge and
parallel to the central axis of the | i nder ; a first tab i
pr ot r udi nigeSeERRG q@ﬂﬁ?te%@én%ﬁra%r e 6n4sa1@flgw§m %@f% 4 pertion

cecond, SnpIEh Sl RS A e SR0 SrBERFY Bl g P
?ﬁ; i pg Qgsic%@%ﬂaﬂm deabisd i@ Beinpasaldnd cadlhetin LAPneille toitHe Tepfral
axis of the cylinder;
a first tab protruding from the first edge and sized to radially overlap the
second edge when the first edge and the second edge are in proximity;
a recess in the second edge sized to receive the first tab and defining
secondary tabs along the second edge on opposite sides of the recess;
a plurality of primary contacting portions, each primary contacting portion
projecting radially outward from the outer surface of the cylinder; and one or more

secondary contacting portions on the surface of the first tab.

2. The tolerance ring of claim 1, wherein the secondary contacting portions project

radially outward from the outer surface of the cylinder.

3. The tolerance ring of claim 1 wherein the secondary contacting portions vary in
size from the primary contacting portions, the secondary contacting portions being

sized to reduce mass eccentricity of the tolerance ring.

4. The tolerance ring of claim 1 wherein the primary contacting portions are
arranged in a plurality of rows with each row extending circumferentially around
the central axis of the cylinder, and the secondary contacting portions on the first

tab are not aligned circumferentially with the plurality of rows.
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a plurality of primary contacting portions, each primary contacting
portion projecting radially outward fromthe outer surface of the
cylinder; and one or nore secondary contacting portions on the
surface of the first tab. 2. The tolerance ring of claim1, wherein
t he secondary contacting portions project radially outward fromthe
outer surface of the cylinder. 3. The tolerance ring of claim1
wherein the secondary contacting portions vary in size fromthe
primary contacting portions, the secondary contacting portions being
si zed to 3eTheeaotmaceceiagndf ictditny 1ofurtiiee domhming eonel bg.mork. sevadary
tolerance ring of claiml wherein the primary contacting portions are
arranged Gantactisgpostiens lopited eadhasecpndaatab.ow ext endi ng
circunferentially around the central axis of the cylinder, and the
secondary contacting portions on the first tab are not aligned

ci rcunf erentiaidisrambd Ank e Pty BlviteYeiafat 1644 one 07 thd B&on@hSf &dffetinighd
of claim1 further conpfising one or nore secondary contacting

porti ons patabed axmliyhaigedovidathe reedss in the sthend edger. ance ring of
claiml1l wherein at | east one of the secondary contacting portions is
axially aligned with the recess in the second edge. 7. A tolerance

ring, co rA%lQﬁPﬁering’r(g%be{’@gS' having a central axis of rotation, an

outer surface w a ned |l ength between two ends and a gap

al ong the prgdefigidet Medihengtdenahl tdxes cofl kordaon, bheogRp Qiagicedwith a
first edge and a second edge, the first edge and the second edge each
ext endi ngpredetemined tougtle hebvécoriyia entlsreaid| a/gap alogg dhe pradetenmaied: leagdap

and_del | mnge LERBET PLSL yofobhenauiog sinfage of e eyl adere ohe
the centrgl 3Xdmi Qige! BehDKtME from the two ends longitudinally along a portion
of the gap and defining the perimeter of the outer surface of the cylinder, the first
edge and the second edge being parallel to each other and to the central axis of the
cylinder;
a first tab protruding from the first edge and sized to radially overlap the
second edge when the first edge and the second edge are in proximity;
secondary tabs protruding from the second edge defining a recess on the
second edge configured to receive the first tab;
a plurality of primary contacting portions projecting radially outward from the
outer surface of the cylinder; and one or more secondary contacting portions on

the surface of the first tab.
8. The tolerance ring of claim 7 wherein the plurality of primary contacting
portions are arranged in a plurality of rows with each row extending

circumferentially around the central axis of the cylinder.

9. The tolerance ring of claim & where the secondary contacting portions on the
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a first tab protruding fromthe first edgé and sized to radially
overlap the second edge when the first edge and the second edge are

in proximty; secondary tabs protruding fromthe second edge
defining a recess on the second edge configured to receive the first
t ab; a plurality of primary contacting portions projecting

radially outward fromthe outer surface of the cylinder; and one or

p : it
B The.t ol b e oD ahERA ARAMERRANY N Y DRERPbr 1OV LIS priy
cont act i ngnpautink igdige arranged in a plurality of rows with each row

extending circunferentially around the central axis of the cylinder.
9. The tolerance ring of claim8 where the secondary contacting

o ur a1y b RGRlerres a8 OF EiimY R b o adfgShs Ya®
t ol erancegifiengionhil§| ol theBffifaty doBfichfg QHAbNS, CR! &ebhistyPabth iy

vary dinensionally fromthe prinmary cont I ng portions,
secondar ypartinhskdving dpoernsiassthhteretdoge taseeeentineity ludtthe tderarcamsg

eccentricity of the tol erance ring.
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