WO 21111811124687 PCT/U 521111 7/117 6 239 TOLERANCE RING
FOR DATA STORAGE WITH CUT-OUT FEATURE FOR MASS CONTROL
BREREKBISKID OF THE INVENTION I . Field of the Inventioh¢ bt 1HE*
invention relates generally to bearing tolerance rings. More patrticularly, the
invention pertains to tolerance rings used in cartridge bearings for actuator
arms in iNfapNATOASOFRRENIEVITOR. BUCT 25 TaR AisK Svives 21DESssrRtion
of Related Art. [0002] A key component of any computer system is a device
to store data. One compR PlaRE: fPOTONNYIRIRSHNG RPYUNtS 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, Brd @letrivahdiy cuitry tirarNs ugedtonvrite and read
data to and from the disc. Coupled to the actuator is a head-gimbal

assembly (I4GAF;thatngludesachgad and metal suspension. The HGA's can
be stacked together into a head-stack assembly (HSA), which is propelled

the disk-srfagedyithe apuatorIheke 1%r%@aﬁﬂdéli%f&&%%cr eSSy e

use today, such as hard disc drives, zip drivés, floppy disc drives. All"utilize
either ro"%&‘ﬂ'&”ﬂﬁ%{ R ion pertains to tolerance 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 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 and 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 vafiety of disc drives in use
today, such as hard disc drives, zip drives, floppy disc drives. All utilize

either rotary or linear actuators.



WO 2008/024687 PCT/US21111711176239 [0003] In hard disk drives,

magnetic heads read and write data on the surfaces of rotating disks that are
co- ﬁ%(m//oﬁ%ﬂnted on a spindle motor. The magnetically-writ]t) ARGy 623

information are laid out in concentric circular "tracks" on the surfaces of the
disks. The disks must rotate quickly so that the computer user does not have

t0oeay long for a pesiied QOHNEIMAIIR-AR headiSkauriace 1-RECeMeon the
positioned under the head. In modern disk drives.. data bits and tracks must

be extremely, Aoy ?&Qtﬁlgscﬁbf@m%%@man bR densisBidie motor.

information per unit area of the disk surface. 10004] The required small size

and close spacipg.atnfamariandits.on- the disk sfacs have consequences;

on the design o disk drive device and its mechanical componen

Among the most important consequences is that the magnetic transducer on
the head mcdrs(f%%erg 30%8 egf}gr%}%lflué?gg%g p‘?&%ﬁi@/% %he[}rﬁgg ah% Qlifehdgtate

of the disk. Because there is relative motion between the disk surfage and
the magne Bl FEAC LR the R S A AR KA Yol tioh | Gt blesired

contact between the head and disk can lead to tribologieal failure of the
interface. SUCh! tHBBIGEAN LB INSAE SISy tRaly s Predcarindsarthe
damage the disk and head, and usually cause data loss. Therefore, the
magnetic HE24 islBedietd it fhuroagAEnhidaIgsLpisskedbyiadpe extremely

extremely thin air ) _ , ‘
narrow and closely spaced to achieve a high density of information per

unit area of the disk surface.

[0004] - The required small size and close spacing of information bits 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
tfibologi'cal failure, known colloquially as a “head crash,” can damage the
disk and head, and usuaily cause data loss. Therefore, the magnetic head

is designed to be hydrodynamically supported by an extremely thin air



2 WO 21111811124687 PCT/U 5211117/076239 bearing so that its magnetic
transducer can operate in close proximity to the disk while physical contact
bR Wi ead and the disk is minimized or avoided. Typi ﬁﬂ}f%’ 71076239
head-to-disk spacing present during operation of modern hard disk drives is
extremely small, measuring in the tens of nanometers. [00051

Characteristiog 0f;1R6 aciuatomnusge formaing themaaneticiransdyest ity o
close proximity to the disk must be considered by the designer to minimize

vibration in gigspause (0, fRPic 38|t meians @Rt RRE EXCIAANS. FOr gis i

example, the actuator arm must be stiff enough and the actuator pivot

pearing musib oL I enaual drali.se Rt ing.Resiionline head Gl ring

be precisely contro uring operation. Also, the interface betw

actuator arm and; e piyol Dearing misthe of sufficient rididity and strenath |
to enable pnleuse controt o‘%et]he ea pos&|on uring operaﬁon alﬁg%ublr‘ {dhe
the bound ry co 1ditions necessary to facilitate higher natural resonant
frequenciel ﬁﬂ%}ﬁ?SWS%e%e actuator arm. Typically, the actuator arm is
:ﬁ@‘ié%ited from aFlélminum,or an alloy of aluminum and is therefore softer and

asily scratchBadERRe Plvothediny ektes! iRictie Wgictif, magnetic

fabricated from stainless steel. ) ‘
transducer in close proximity to the disk must be considered by the

designer to minimize vibration in response to rapid angular motions and
other excitations. For example, the actuator arm must be stiff enough and
the actuator pivot bearing 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
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.



3 WO 2008/024687 PCT/US2007/076239 [0006] The stiffness of the actuator
must also be sufficient to limit deflection that might cause contact with the

dig/l?&ﬁ%ﬁoé%%chanical shock events. Likewise, the interface SetWeen (hig?>

actuator structure and the pivot bearing must be of sufficient strength to
prevent catastrophic structural failure such as axial slippage between the

elsipr arm and e aealor BIVQhbeaina sIeRYR Aung tras merhenyoalin
shock

events, [0007] In many disc drives, the actuator arm or arms are fixe

to the actuatgr pivot bearin a tolerance ring.. Typically, tolerance rin
include an g%%%%}? int ﬁgal ag%eablts)?t%rrll %ﬁ%“éﬂgﬂ%. If% ggrﬁl%g%ﬁcg a%ﬁ%r[ilg ok
that are raised or recessed from the cylindrical base portion. The contactin
portions arE §rcall BaRially ComBIeLSEs ARG IHLA RN Olo i aand the
radial preload between the mating cylindrical features of the parts joined by
the toleranB&Ahd e PHES b priioal BHISIELSI DOVt PG Bhaatastrophic
engagement that prevents actual slippage of the mating Parts, For example,

in disc driveappicatae aedadnltehipRR I Prasadhsr traaeripcend the
ring prevents separation and slippage at the interface between the actuator
arm and thecpiabt i aeinke aliningleperdiivnzd A e urheh anisehsliie| Seock
events. The tolerance ring also acts as a radial spring. In this way, the
t1ebahce ring pokitiorsthéipatalivres, the actuator arm or arms are fixed to the

actuator pivot bearing by a tolerance ring. Typically, tolerance 1ings
include an open cylindrical base portion and a plurality of contacting
portions 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



4 WO 2008/024687 PCT/US2007/076239 cylindrical part relative to the
exterior cylindrical part while making up for radii clearance and

mAR R 1?1%] variations in the radius of the parts. (0008] AdEitOR e RGPS

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 hﬁ?@ﬁiﬂ@ﬁ@a@ a9 ARG RleANCS ding fﬂﬁfr‘?@éleﬁ?@&ﬁff@’ﬂ%l?ﬁag up

U.S. Pate 0. 6,338,839 to Mzsso et al. discloses a tolerance ring whic

provides gy gnSiStSat InSIRINON, AD1cs PIYTIRLI00L WS FAHE N s

4,790,683 ramer, Jr. et at discloses a conventiona €

ring.in. conjunction with a gylindrical shim jn _applications characterized by . .
J@ﬁ%&raﬂy signiﬂ%ga’tgr%lbqilfl\e/ ‘I’é??oﬁaé?e |!5%%1n§l.$ﬂte?%ﬁﬁi%%%ﬁ¥§gs 1o obtain
deformation of the soft underlying material an?htge eby prevents undesirable
partial reliePSFIHE PRUMHIREMp *%"sfﬁﬁniﬁi% Mal i#é%ﬁ%ﬂaﬁ%&a@é%%%’”@
of the tolerance ring. [00101 State of the art tolerance rings are typically
manufactuféd'frofiaHAeiTAl SHekst WAtHISEaNkBirig DRSFminG Sfofiingicarferance
other steps to provide ways to recess contacting portions and a final

generally W%Hﬁtf&llﬁﬁifpé@@eﬁ%}bf e wWayadanee fivgs hte Misso et al.

manufactured, they typically have a gap or spacing formed where the
opposite edigeksfs a tolerance ring which provides a low consistent installation

force profile.

[0009] U.S. Patent No. 4,790,683 to Cramer, Jr. et al. discloses 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



5 WO 2008/024687 PCT/US2007/076239 the rolled metal sheet meet. A

perspective view of a prior art tolerance ring is illustrated in PIG. 1, [00111
TWeOt%ﬂ%’f/%%gring can be installed first into a cylindrical hole AT SEENSF

part, such as an actuator arm, so that later a cylindrical inner part, such as
an actuator pivot bearing, can be forcibly pushed into the interior of the

tolerance rfg 1o Recal-e ARk sRmpresshaRielad (nat f@é%igﬁgﬂea&’%‘i%r*% ce

frictional engagement. In this case, the contacting portions may be recesse

to a lesser radius tﬁggrt?gdba @oqtion as well as raised to a greater radius

than the barslggplgrhon. Alterna ively, a tolerance ring can be installed first
r a cylindricgl inner part, such an actuator pivot bearing, The inner
i 4 it e e A A
of the cylindrical hole in an exterior part, such as an actuator arm, to create a

radial compreSERERHILISHE AR RAGiNe k&1 Barts B hiktion aY BREAGEHEKE Par

this case, the contacting portions of the tolerance ring are typically raised to

a greater rabiflishan RBIHAES PYrhen 16012) PRGBS divd Mnsdhe interior

characteristics of a tolerance ring can influence the HSA bandwidth. For

example, thé G&p Yeigpaeirigberwisats aebBrd mnset erptsiershide riatpns the

can cause mass eccentricity thereby
parts by frictional engagement. In this case, the contacting portions may
be recessed to a lesser radius than the base portion as well as raised to a
greater radius than the base portion. Alternatively, 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 fypically raised to a greater radius than the base
portion.

[0012] The stiffness and mass characteristics of a tolerance ring can
influence the HSA bandwidth. 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 dynamic balance of the actuator. Most disc drive makers 6 WO
2008/024687 PCT/US2007/076239 live with this problem and tolerance rin
m‘gﬂﬁ@éf%@g try to minimize the gap by allowing for as smalTFé”HQﬁ“y )76239
possible while avoiding the possibility of the two ends of the tolerance ring
from touching, after assembly. [00131 To compensate for mass imbalance,

disk drive arg f ither lly ali in.a direction. .
own by T A eger B Paeics e e P SR G i
portormantiE GHbnG UGS Hol erOTE Ihd e THGAT e e Athigine the
makes it known and thus possible to compensate for in other ways, for .
instance, b8 }hgﬂél%wﬁaﬁﬁsaéﬂ%% (ARG difEoR R dafiching. after
Furthermore, minimizing the gap helps reduce mass imbalance but the

tolerance rif§EHYE are still rather long due to manufacturing constraints.
Consequently, the space between the bumps juxtapose the gap is larger

tH¥H 3he space bétniserpgis Beinps EsaEracfoo1kIithrapkiieragsinged to

demand for improved consistency in installing the actuator arm in a hard

disk, theregiéhqainsaledhtinigndlregebinniiedarectoraltateranive g thdtcrror to

‘reduces mass imbalance and mass eccentricity.
reduce mass imbalance (also referred to as clocking) or counteracting
overall eccentric mass which reduces performance. Clocking does not
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.



7 WO 2008/024687 PCT/US2007/076239 SUMMARY OF THE INVENTION
[00151 A tolerance ring configured to improve mass eccentricity of an
a&ﬁ’a’t‘gjﬁlgm’?sgssembly. The tolerance ring has a cylinder wittf §1/US2007/076239
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 an aperture in the sutfacesef the extinderattherigagond edge. In one

embodiment, the tolerance ring has a first tab protruding from the first edge

ap and coupli the. Iin?] ' S ?vd@ fth
R o e aponiie i TR S SRSl Oy or o
- mass eccengici . The first tab ifff en

_ ab,is gﬁge%\qléaravgicth trhe a[?erture in th surfpt?e
of the cylin%C FaHe 8t & °Cbn iguration r%ay ’beeL-g?%péaé of Lﬁslﬂé jeg!v 1 4
The aperture may be placed r ui[ed, enclosing along an edge of the ga
to reduce mia: ﬁ%ﬁ&?ﬁfﬁ:e?eaﬁﬁirigrt&?&%%? eSO trick b ?hegﬁﬁer ge the
ring. In another embodiment, the tolerance rin%has a second tab protruding

from the SEESSLPEREEGATABEAY, Hrcc¥bedrt b F8UPRNE EthEhididabssrond

the first edge. The first and second tabs are adapted to hook together and
close the §age-ghe cylinder having an aperture in the surface of the cylinder at the

second edge. In one embodiment, the tolerance ring has a first tab
protruding from the first edge of the 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 bé 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.
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OF THE DRAWINGS [00161 The exact nature of this invention, as well as
th‘g%ﬁ?g%%ﬁ% advantages thereof. will become readily appgﬁl-%[]??c‘]%mmw
consideration of the following specification in conjunction with the
accompanying drawings in which like reference numerals designate like

parts throughout theFRigoren HRTROP AroivhergiHEIORKAY Rgwse 1 is a
perspective view of a prior ail tolerance ring design. [00181 Figure 2 is a
PRISRRClvVe view of a WlerantR Wit AGROEHINGh 0, OREAMROGIM e QfiNnen
present invention, [00191 Figure 3 is a perspective view of a tolerance ring
according to;another embodiment ol e @?‘éé&ﬁg 'Qﬁgﬁféﬁ{‘-fggf??%l'ﬂ%}&%tfb}? of
a cross-sectional view of the tolerance ring along line 4-4 of Figures 2 or 3.
[00211 Figure 5.is,a perspective view of a tolerance rin cording to yet .
another emltlg))gdi@é%\tpﬁ%h8%%@8%‘?%@%0%%@8% nF?é\E}ﬁé ggﬁu%?%@eﬂ‘sp ane
cross-sectignal view. of the tolerance ring along ling 6-6 of Figure 5, 10023
Figure 7 10 e ARG LT S U o e ol g i out
li -6 of Fi :

ne 6-60 tﬁ%l‘ir{agﬁ%es? thereof and wherein:

[0017] Figure 1 is a perspective view of a prior art tolerance ring design.

[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 S 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 illustrétes another cross-sectional view of the tolerance

ring along line 6—6 of Figure 5.



WO 2008/024687 PCT/US2007/076239 10024] Figure 8 is a perspective
view of a tolerance ring according to a further another embodiment of the
p%gezﬁ?ﬁﬁ%%ﬁon, 10025] Figure 9 illustrates a cross-sectiondl VIEW 9 #i&623?
tolerance ring along line 9-9 of Figure 8. 100261 Figure 10 illustrates another
cross-sectional view of the tolerance ring along line 9-9 of Figure S. [0027]

Z{éggfﬁil' 'S a peyspartive i‘éi%‘ﬁo&fs%é CrANESTINY g5 1, ANANETiNs 1o 4

iment of the"present invention, [00281 Figure 12 IS a perspective view

of a tolerance ring according ta.yet anether embodiment of the present
invention. %‘E‘Wxﬁ%&‘ﬁ%&%@ﬁ%@ﬁg@eﬂﬁ%@g&?ﬁ&@

EMBODIMENTS ‘[00‘29% Fliﬁgre | illustrates a pers ective Vi?‘ﬁ of alp(ior art,
{8f%3hce ring dB&YRc1Y. IHBHE EnbodriERt S {0 IR R HHY 19 ARy ane
from 300 Series stainless steel. The tolerance ring Il is formed from a
substantiaflPpialae Base poFigi rat is curved to form a cylinder 13. The
cylinder 13 has a first radius about a central axis and extends for a fixed

BAGH parallel tosacehtral Bt Ramiallskpansiors dideortpaciéniss talgrance
WO 21111811124687 PCT/U 521111 7 /11 7 6 2 3 9 cylindrical opening 19

is facilitatetdngyelogaping Atoh@ thegeisgth of

[0027] Figure 11 is a perspective view of a tolerance ring according to

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.
]0030] The tolerance ring 11 has a plurality of contacting portions 23. The

cOn?: ﬂﬂ&zﬁ%ﬁions 23 generally have a rhomboidal cross-sec'f%ﬁnggWé%gZ”

extending axially along the cylinder 13. As shown in Figure 1, the contacting
portions 23 project radially outward in a direction away from the interior of

the toleran ﬁg@,ggalltdfﬁﬁg%gwqg {ha RlRnaive gg’gr@lu rﬂ@ﬂ%fg*é? ﬂé\%%]ﬁ?y of

the art include toleranc with contacting partions 23 that pr

“inward or project inward and outwarg, i N alternating fashion. [0031] Figur
2o 2 porop O B G e S e TR A T e

b The B ERUHHG 22 s ot ShADUA b 27 SN 20 T 23

opposite mating ends. These ends engage one another to close the linear
gap 21 (Fighité TPRAREE BORIEER theE DY B orkupeeiqd Sfigayectional
have cut-outs 31 and 33, respectively, to balance the increase in mass from
the hook-sHHpRe ¢ats8 Sinaat o) tiehtheHsvkishapéd s prnkiepy | the
engage one another, cut-outs 31 and 33 are groximately aligned with one
another to fStPaIEE/RYTB5 1A BiePtoierhmrdaiigsvIKeihdokishpad s rom
and cut-out features of the 11 WO 2008/024687 PCT/US2007/076239
“the interior of the tolerance ring 1. 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 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



tolerance ring 25 improve mass eccentricity and reduce mass imbalance of

the actuator arm assembly. 100321 Figure 3 is a perspective view of a
to%?a%ﬁ%%%ﬁé%? with three hook-shaped tabs and cut-out feBRtV&SFRE07625

tolerance ring 37 has hook- shaped tabs, generally indicated 39, 41 and 43,
with opposite mating ends on the first and second edges 15 and 17,

respectively, [Ep,Ralangs an (NEFeaseiinass AR AQne #rd:efthe (RIRANGEa ance
ring 37 resulting from the hook-shaped tabs 39, 41 ‘and 43, cut-outs are

made in ed@fﬁl%@&ﬂ&&%ﬁﬂ%@% Iﬂ)\{}§hown as cqvities {17 and 45. The
hook-shaped tabs and cut- outs of the tolerance ring 37 improve mass

i gure 4 i TSt LokoBal anot It et aCa D Somepimtit. e

o e U A B e oot

(2> 18 and WP SRE AT JEIAHGE 1 o h CHOWA RFHAaTgEE s

readily interlock dl,!rin_g shipping and handling. Sega(ating '__inte,r'locked

tolerance rify$his fifié BohsGRING Eperisivadntl mEyRSGH¥EY thd toRianee an
rings to handling damage. Hence, by eliminating this gap 21, the tolerance

' ring 25 or 37 anabiditorhlcagvaiftatfellst HIEtaRRAiRge137 resulting from the
hook-shaped tabs 39, 41 and 43, cut-outs are made in edges 15 and 17,
generally shown as cavities 47 and 45. The hook-shaped 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



WO 2008/024687 PCT/US2007/076239 or interlocking with other tolerance

rings 25 or 37 during shipping and handling. [0034] Figure 5 is aﬁers ective
vigw S et ance ring 47 according to another embodiment§fit %2?) HLEEAY
invention. The aperture 51 is a cavity formed in the cylinder 13 that is at least

large enough to receive the tab 49 on the opposite end. This tab 49 and

aperture 5} featune Qfithewiolerange inguf I MRKRVES nass @&ﬁﬁgtgﬁi%ﬁ@?and

reduces mass imbalance of the actuator arm assembly. Tab 49 has a cavity
or opening, 53 qugccount for mass increase on one side of the tolerance ring
47 by the additional material of the tab 49. It can be envisioned that the tab

n have any.configuratjon that is receivable by a mating. aperture 520 on
ﬁe[)%%&)posite enﬁ.l%&)‘&%}] igdjr%trgjé?sg ?Ilﬂlset\gtoeiaa};??aeﬁ%}%% & o%?igeﬁf’é){i He o

for contacting portions 23. Contacting portions 23 are arranged in a plurality.
of rows. 201 b SURABL ST UG IAkar SaSU BoPHH 14 Tob Se Eoules 6 S
7 illustrate alternate cross-sectional views of the tolerance ring 47 along line
6-6 of FigURS BT B 145 50 TFerhoVABly  dhdSi5eABIES ARA AR HpBrtsracstie ab
Figure 6 shows a tab 49 configuration that is tangential to the cylinder 13.

Figure 7 ifdtRited arPBRetHatEdD 4818d3hgtiradof Wt dRandelstug of the

securely couple edges 15 and 17. By . (
tolerance ring 47 improves mass eccentricity and reduces mass imbalance

of the actuator arm assembly. Tab 49 has a cavity or opening 53 to

account for mass increase on one side of 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 eliminating the gap 21, tolerance

rirYug?M has an additional advantage of not tangling or interlocking with other
to a{ﬁ%"é"ﬁf@% 47 during shipping and handling. 100371 It ishe 55‘1%&7%35&

alternative tab and aperture configurations can be used while improving
mass eccentricity and reducing mass imbalance of the actuator arm

assembly. El%ﬁﬁmg'ﬁxet 7 goiefr%fe%ank@e %g@;"? NRVE, 3R ALBRSage of

that mate with a plurality of apertures. [0038] Figure 9 shows a perspective

view of a tolerance ring 57 with tabs 59 that are remov %ﬁe eablc .
ith tre ag LSRG LR AR SRR A IR ine
manner as %}gﬁ)laingd in Figures 6 and 7. The tabs 59 clip or hook onto the

edge of ap@ Pélg '%s shown in Figures 9 and 10. The tabs 59 can have

an L-shaped or U-shaped tlanag 63ﬁ[{£\6}t hook on the edge of apertures, 61 in
&0k ace of thd! EylFtien s E’i}aél FHARRYS e 63% LT (rfgygeurations can
eccentricity of the ring is improved with the additional advantage of
producing)éerwj@éh\abdéé@m@v%g@%ﬁ?ﬁ@ﬂ&&%&?ﬂmﬁaﬁ%lm@é&me

47 during shipping and handling. 100391 Figure 11 is a perspective view of a
tolerance ffgtes soiRrEutBnt fesund for heaseaeudptibrylelsipstoriige4’ can

base portion. The tolerance ,
have a plurality of tabs that mate with a plurality of apertures.

[0038] Figure 8 shows a perspective view of a tolerance ring 57 with two
tabs 59 that are removably engageable with two apertures 61. The tabs
59 mate with apertures 61 in the same manner as ekplained 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 more cut-outs or apertures, generally shown as 14
WO 2008/024687 PCT/US2007/076239 67, along the cylinder 13. T
nOMFI3AREE ze of the apertures 67 is a function of mass dlﬁ?ygt%%ﬁ? fig>

function of the apertures 67 is to provide a substantially balanced and
non-eccentric tolerance ring 65. It can be envisioned that the apertures 67

can have different-sharesy su¢h as. btngtdimiteshtosckcle (Beupeniriangles a
polygon, or rectangle. Similarly, the apertures 67 can be distributed over one

or more rowg, aleng dheMindRI [BR A0 RIOWIRAR 1S & RRESREGHNR-VIEW & (o

a tolerance ring 69 with cut-out feature for mass eccentricity control of the

base portion, .l rAnge 170 9%IGRLLAYE Sonacling POIONSAR s 5. 1

arranged in two or more rows aroun e su ace of the cyI|n r 1 wit

aperture, general%}s\t}xg\évgle thJl aon tu Jz)n%grm%%] eleu st}xeﬁr)%ﬁndsuso
of the apertures ation unction 'of the

i5'a HUnction of Mass strl
apertures 71 is to prow ea substa tially balanced and no@r) eccentric

tolerance nP} ‘6801t léé %% é%\/l&%% % ‘ﬁn&é‘ﬁ@ﬁlﬁref 1&4h h%{\/eleCtang
O e s TS R P
rows along the cylinder 13.

along the cylinder 13.

[0040] -~ Figure 12 is a perspective view of a tolerance ring 69 with cut-out
feature for mass eccentricity control of the base portion. The tolerance
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 combination of
the embodiments described herein can be used without departing from 15
W 2888498687 PCT/US2007/076239 the purpose of the prasEHEIVENTSTH.
For example, a tolerance ring can have apertures 67 or 71 in combination
with a tab 49 and aperture 51. Similarly, the tolerance ring can have

apertures 6&@@1&5&@%m@%'&%@ee{vim\%ﬁwﬁ'itwoceféﬁaaa%.a%@e%@'%gfcan

apertures 61. The tolerance ring can have apertures 67 or 71 along with

hook-shaped tabs 27.and 29.,A fmem%gﬁﬁawgﬁgs@%bgg and aperture SI.

embodiments canpbe used to re(?,uce mass Im Improve mass
eccentricity of an a}ct%ﬁgoggg?rm assembl%llin 6 What is clai

Tlarly 3 C / gj/Ed‘i? LA inati
tolerance ring &SMprishd? & &JfRdaIh S ing Ao B FniNedIégth tERpERh on
two ends, with.a gap along the predetermined length of the cylinder, the gap
having a firs{'4hd @%%E}Hd)g&ﬁ’é,igfﬁgf{tﬁl&‘ﬁ%mﬁd}l iaite ki hrs?g(aé gpnce
the gap and overlapping the second edge of the gap, the cylinder having an
aperture in tHE S OFBRE e R 2! THERSIBHAMEe ting @péﬂaiﬁm,zﬁ?m.w

comprising a plurality of contacting portions, each contacting portion
projecting a'radiardistaeesidnilhelesariaer embodiments can be used to reduce

mass imbalance and improve mass eccentricity of an actuator arm

assembly.
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3. The tolerance ring of claim 1, wherein the aperture extends along the
length of the cylinder and reduces mass imbalance of the tolerance ring. 4.
The tolerance ring of claim 3, wherein the first tab is engageable with the
aperture in the surface of the cylinder. 5. The tolerance ring of claim 1,
wwhateinthedirst tab has an L shaped flange to hook onto an edge of the
aperture in the surface of the cylinder. 6. The tolerance ring of claim 1,
wherein the first tab has a U shaped flange to hook onto an edge of the

1.aperture iprihecsuntaceaptigngylinder. 7. The tolerance ring of claim 1, further
comprising a second tab protruding from the second edge of the gap, and

the sBESHAYE R UNSIM Bt tHEMME B e Re Wrsh ddgessisTRER I SFRrE R IY
préf@laiinbdbiarein thefraitabrhas aJpankishapedand adapiad ciniccauntingb
toa hook-shaged end of the second tab. 9. A tolerance ring, comprising: 17 a

prejiRg FauiBed Breeras thiRe q1Brgh DERMBBT BIBCeTaSIAiRS YRRy the
cylneiRredeterminge-endihE thersylindere heigag having 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. 10. The tolerance ring of claim 9,
2 furtheneaimpiisivgiassecanthiab pretedngpmemdhe1880nd eegofithepgaions,

the second tab coupling to.the first tab on the first edge. 11. The tolerance
Cafih G B RAI PLTRfE CRg ggﬁ&%é&&ﬁﬁp@ T

3. The tolerance ring of claim 1, wherein the aperture extends along the length of the

cylinder and reduces mass imbalance of the tolerance ring.

4. The tolerance ring of claim 3, wherein the first tab is engageable with the aperture

in the surface of the cylinder.

5. The tolerance ring of claim 1, wherein the first tab has an L shaped flange to hook

onto an edge of the aperture in the surface of the cylinder.

6. The tolerance ring of claim 1, wherein the first tab has a U shaped flange to hook

onto an edge of the aperture in the surface of the cylinder.

7. The tolerance ring of claim 1, further comprising a second tab protruding from the

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

8. The tolerance ring of claim 7, wherein the first tab has a hook-shaped end adapted
for coupling to a hook-shaped end of the second tab.

0. A tolerance ring, comprising:
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adapted for coupling to a hook-shaped end of the second tab. 12. The
tolerance ring of claim 10, wherein the first tab is engageable with the second
tab. 13. The tolerance ring of claim 9, further comprising an aperture in the
surface of the cylinder for reducing mass imbalance in the cylinder. 14. The
toleranggifing aheiain BrduthenicemRHSING &R aReri edastheigHifags Abkahe
pr%‘%nder along the second ﬁé:i%?sfor recejving the first tab. 15. The tolerance

SRR e s X thapanbaye SREped Aangers Fibek Bifto an
edgeofithieanaduRlinthe suaceete sylindesip 14 the pigrange iogmkr at

claim 14, wherein the first tab has a U shaped flange to hook onto an edge

theyperand selat @ B Rurface of the cylinder. 18

10. The tolerance ring of claim 9, 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.

11. The tolerance ring of claim 10, wherein the first tab has a hook-shaped end

adapted for coupling to a hook-shaped end of the second tab.

12. The tolerance ring of claim 10, wherein the first tab is engageable with the second
tab.
13. The tolerance ring of claim 9, further comprising an aperture in the surface of the

cylinder for reducing mass imbalance in the cylinder.

14. The tolerance ring of claim 9, further comprising an aperture in the surface of the

cylinder along the second edge for receiving the first tab.

15. The tolerance ring of claim 14, wherein the first tab has an L shaped flange to

hook onto an edge of the aperture in the surface of the cylinder.

16. The tolerance ring of claim 14, wherein the first tab has a U shaped flange to hook

onto an edge of the aperture in the surface of the cylinder.

18



