SYSTEM METHOD AND APPARATUS FOR TOLERANCE RI NG W TH FUNCTI ONAL LAYERS

5FI ELD OF THE DI SCLOSURE The invention relates in general to

t ol erancewoiop7shiat are | ocated between novi ng parts amdi/Eppopardizgul ar,
to an i nproved system nethod and apparatus for a tolerance ring with
functional |ayers. BACKGROUND 10Tol erance rings constrain novenent between
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tolerance ring limts radial or aX|aP notion of the shaft wthin the bore
while still permtting relative novenent. In conventional tolerance ring
configurations, a close fit is sought between the inner and outer
15conponents. In addition, either forces for providing maximal frictional
engagenent or mnimal variation in sliding forces are sought. A close fit
bet weefnn t he conponents i s deskizabbe Thecasusesiukpr educes rel ative vibration
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properties, such as noise, vibration and harshness properties. Torque

and even NW%“&W%t%ﬂPﬁW@“?ﬁFFﬁéﬂ%@Haﬁvmﬁﬁﬁmﬁﬁ?éﬁF%Te@EB?%B@?PW%EW%$ conmon
tol erance rings, which are usually formed only from stainl ess steel. These
requi rements between the inner and outer conponents require strong and
substantial contact, which increases frictional forces. Although these
solutions are workable for sone apptkERGIQHS, | nprovenents in tol erance
rings continue to be of interest. 25SUVMARY OF THE | NVENTI ON
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outer conpRReRMe bil@turk.d JRUARLR dShRl duMRe bNEHLRL Phis ARALR ih Pk REANES! | NY
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conprise &F@pUAnf G shath Wit hebpate SHPeEmiag rHas MOrIEY ayer secured to the
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conprises a IOMMbmkmbmmmmhayﬁmg@mﬁgﬁmbﬁaﬁﬂm@ﬁesxmgﬂhmmﬂmmuharmMam@~and t he
el ast et L b RUET i addifon 3R s BARK: LR ALIRA ol QRLIBE LSt el and the
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formed from.a naterlal haV|nglrad1a |nn§r and Eq{faces The
u1reme 8 betwe n the mner and %I‘ com ts require strong an substantlal con act whic

low frictiOn naterial encapsu
increases frictional forces. Although these solutlons are workable for some applications, improvements

in tolerance rings continue to be of interest.

25 SUMMARY OF THE INVENTION

Embodiments of a system, method and apparatus for tolerance rings with functional layers are
disclosed. In some versions, a tolerance ring assembly comprises an outer component, an inner
component located in the outer component that is movable relative thereto, and a tolerance ring
mounted between the inner and outer components. The tolerance ring may comprise a metallic annular

30 band and an elastomeric layer secured to the metallic layer.



10 annul ar band, such that both the radial inner and outer surfaces are
| ocated substantially conpletely within the low friction nmaterial. The
annul ar baocdonmyysdie | ocated conpletely within the | ow f PCcTiEPROLONBRIIRS | &
such that no portion or onIy sone portion of the annular band is exposed
from and exter i mat er nu ar. _band
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joined to the tol erance ring. I n additional enbodinments, a nethod
of formng a t olsel aneembidngns ARPsléraRSHiRCcOMpEisngatuisieet fohod mredla f rom a
metallic [Egtglﬁg Ilnglzr al lfagh%}agsg 11%9 aI;uE Hﬁe‘??urfh&s tﬂ% IOWﬁ%h mat%l?ali !ﬁ:n%%%lh%ﬂg t}geomat rical
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surfaces e ewsfu@sm amrlahl ilhy adnuierd@ehnamcomrm rhie steghand ejpetforges ongtemeneilal . The
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di scl osur matpybybrelefpigtitger lamvdigest ood, and its nunerous features and
advant ages made apparent to those skilled in the art by referencing the

accorrpanyl ng dfn@%@ﬁgﬁ)odlments the low frlctlon mAT J;r%n%lﬂthma)tﬁgﬁnér@ﬁ p%ﬂg a%@ﬁlgl onal
side views of one enbodi ment of perforated netallic 35sheet constructed

i n accor dAMEE KRR HE I ah‘\?eﬁ)flingfﬁal profile Wit Urepseaeoth oy lindsigal goliiee Thed®t j onal  si de
vi ews of 6ict@maerniiedi thembngar bfindeah meghayen@icolimdadal grbfdes pat feovatlatnmptal | i C
sheet Z&On&ltalgqu éa@lgotflep ﬁl%?oq)f{l‘glgg}ﬁlg H}Q’Sf%ulﬂhér Q(ﬁnp'rlgl: %&k’in% rh’yGIJOIHGd to the!: l)lgﬁnce4 and 5
are sectional side views of sti'll”other empodinments of encapsul ated,
formed, pBt¥orated netallic sheet constructed in accordance with the
invention; 5FIGS. 6 and 7 are sectional side views of additional

enbodi ment s of nendigpsithaddatckatsfaonated pf forming a tolerance ring comprises providing a sheet

formed from a metallic material, forming apertures in the sheet, fabricating geometrical formations into

the sheet to form a sheet profile; encapsulating the sheet profile in a low friction material, and forming
25 the encapsulated sheet profile into an annular shape to form a tolerance ring. The annular band may
have radial inner and outer surfaces with the low friction material encapsulating the annular band, such
that both the radial inner and outer surfaces are substantially located within the low friction material.
The method may further comprise forming shapes in the low friction material that are complementary

in shape to the geometrical formations in the sheet profile.
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BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure may be better understood, and its numerous features and advantages

made apparent to those skilled in the art by referencing the accompanying drawings.

FIGS. 1A and B are top and sectional side views of one embodiment of a perforated metallic

35 sheet constructed in accordance with the invention;



perforated netallic sheet constructed in accordance wth the invention;
FIGS. 8 and 9 are sectional side views of other enbodi nents of

encapsul avedoiffiossred, perforated netallic sheet construetcegreenoacaes dance
with the invention; FIG 10 is an isonetric view of the

enbodi ment of FlI is constructed in ccord nce 10w th the invention;
FIG 11 is a 55‘5'? o4 aI§Fec§Eé°“€}HSé’§vV‘8‘f’S AR %r?%%?“i’%ﬁf’ fr‘mgvef%‘rné)?%ce ring

const r uct palfoiard actelbe theat castwictbdin bdverdinag/ it thainyention; FIGS. 12A, B and C are
sectional side views of other enbodinents of tolerance rings constructed in

accordance Wt FIGIS I‘Lﬁanl:l RYE @50!1(91@1:51d<l %Edvs@stﬂl% enﬁo@ﬁl@hts@f @ﬂfcgpsﬁﬁgdt fog%l si de
vi ews of other enbodi nents of tol erance rings constructed in accor dance

with the PHVEIH Pgiplic sheet construgipdn agegrdange ‘éi‘ﬂ’stget:‘fl‘i’eBtf?&i si de vi ew of anot her

enbodi ment of a tolerance ring constructed in accordance with the
i nvent$ on; andFIGS. 6 and 7 are sectifahlG8e vidwf aditgmd ci@odinentsgchdapniated, Sirdel, vi ews  of

still oth rhﬁﬂ@Q@kﬂPﬁ&éc&ﬁm&@éﬁ L&DRfL Hil0R. gREQASt ructed in accordance with
the invention. The use of the sane reference synbols in different draw ngs

i ndi cates S|n1I r.or identic itenms. DESCRI PTI ON. OF THE DRAW NGS

25Enbodi nents 658 %gf‘réﬁi““?@ts’r%&‘e%"é AP SRPUI LS PP PBIEL INEEL i ngs with
functlonababayensmm¢ﬂm@p@mho@@daunmﬁkéﬁmnmnmmmﬂm,For exanple, FIGS. 12 -14
depict a tolerance ring assenbly 21 conprising an outer conponent 23 having

a bore 25 wi t hp@EXhSisdnRE S of @ enlbbGEN SATRINENE cAdrdeSa MRUBLGH:. i N the
bore 25 of the outer conponent 23 and has an outer surface 29. The inner

conpoH%ntW?WmﬁﬁYﬁgﬁvﬁth the outer conponent 23 and is novable relative
thereto. Atolerance ring 31 is located in the bore 3025 between the inner
and outer conpbitehtisa @8jond Fide Vidveoltantrgodinee of 4 migra@t ricoypinga@isn an annul ar
band 33 faoriRd fihaPiRenphal lic material, an el astonmeric layer 35 on the
annul ar band 33, and a low friction Iayer 37 (FIG 13) on at |east one of

t he annul ar band 33 and the el astoneric | ayer 35.
FIGS. 12A, B and C are sectional side views of other embodiments of tolerance rings

constructed in accordance with the invention;

15 FIGS. 12A, B and C are sectional side views of other embodiments of tolerance rings

constructed in accordance with the invention;

FIG. 13 is a sectional side view of another embodiment of a tolerance ring constructed in

accordance with the invention; and

FIGS. 14A, B and C are sectional side views of still other embodiments of tolerance rings

20 constructed in accordance with the invention.

The use of the same reference symbols in different drawings indicates similar or identical

items.

DESCRIPTION OF THE DRAWINGS

25 Embodiments of a system, method and apparatus for tolerance rings with functional layers are
disclosed in FIGS. 1 - 14. For example, FIGS. 12 -14 depict a tolerance ring assembly 21 comprising
an outer component 23 having a bore 25 with an axis therein. An inner component 27 is mounted in
the bore 25 of the outer component 23 and has an outer surface 29. The inner component 27 mates
with the outer component 23 and is movable relative thereto. A tolerance ring 31 is located in the bore

30 25 between the inner and outer components 23, 27. The tolerance ring 31 comprises an annular band



The annul ar band 33 may be forned fromspring steel and the low friction

| ayer 37 may be lamnated to at | east one side of the annular band. The | ow
friction weayeri/334xay be | ocated on the 5annul ar band 3®composioineoithe

el astoneric layer 35, as shown in FIG 13. The Iowfriction Iayer 37 may
conpri se T nd be b nded he5|ve 3 e of

annul ar bg%amts@ff&rﬂa MR ?%{54“ 8?7?@?5?"819?%%? 61“‘?{1813 ‘ia&% ff‘%ﬂ?&r may
conpri se, lajooB7 @ arploe at lewsttoné ¢feherauivbelpand 3 aad thnplasmiea@tixmﬁrl c
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conponent 55 |l ocated in the outer conponent 53 that Is novable relative

t heret 0. HA{FICETIANED: 1 P%ﬁas@ile‘i‘cs‘ayﬁb‘ﬁﬁtc%‘ﬂpflﬁ% fopeerieHdric ghRs- g out er
conponent slaskderi® polyelae/pdlpds er &R eerkSetliylcn g pro@Mgae-tisemead) c@ntdhaylichand 63

formed fr Qr{lﬁ‘ffﬁor”?ﬁs%nleh&mﬁ?fﬁﬁr!n?e'ad@%g BRI I %ic%ﬁaghs%' éIHJP%&w ”?Leg ﬁ{ surfaces

65, 67. A friction mater encaps annu such
t hat Bt hbafes qfné&xeallastqm?ﬁ@}ayeaﬁaa@&?@ﬁenﬂﬂl?\a@@@ne@ﬁ %Bndah@ngl&%éendﬁwoal |y

| ocat ed WiihsinRrid B@r.l ow friction material 71. As shown in FIGS. 8
and 9, the band 63 may be |ocated conpletely within the [ow friction

material 71 SUEQ r'%nrl"at nO]E"IBOfl odl%fenttarl]se bapod pr6156 ai ssem ﬁ%%d\m]: ragro]?ltf?fnd
external to the fow friction matertal 2071 1n el aéllr‘%ents(FIGS
4-7), at Feamstenz3goimprgampspent felodsia i t%ﬂiesw@k%@éélthﬁtrlvmvalrmre@wteends

ext er nal | yeke@l ﬁft(jléﬁ@lcélﬂlg%h@ nlo@Wédibedwednl (RNnIIBINE bit@ confpbnenk RS, sBaNE (fidad®y be
];:?regeq? fr gllin %@%&sgs%]n S&Fgl%learzban égi &?F I%flztf rat eltgilat(ljl a%%gggla@gper dnd Olésltf(:)rrSTE?YvrS]el n
geonetric airfaQ‘es)@Srrél i20lng fricGort thegdrialg/id encm@nlmhet dn@pag band 6%, sebithai oty tl@rractd@ ep

drawi ng. The HERREBLFhCA3, §5Or Bl RRTy 16udBYinit HTRW (S ioWRNES4 7CONES OF
bal | - shaped formations, as shown in FIGS. 4 25and 5. The band 63 may be

encapsul ated within t cli da i ng.and sintering
(FIGS. 4- 7) 8° Bl et BHOEh e PR R by AP R 2 6 1 Re
| ow fri ct mawpriahy@lt seehi taelt nofsbrijoand threttasib3ticexpdial fvardd 6@ty the dawpliritt®e matefAl FE

COI’T’pOg(lj]d Y AR other embodlmentL (FI@@ HQ) %VIQQQ'pHE%Q& of 1he€)§1|d§§15 e)lclposeé frgng al?cfl;qtel:rld%) the | ow
friction materi al I¥>§1 orma snpoth profil cylindrical inits

final for Fﬁteinﬁlllpie@wei(itjm diéqior Hagriat He kad’ﬁ’&fl %311 oy ?Zifl(ﬂngf] E8m PRYIng s'prbipd
30cyl i ndr meytle p[afcmefted| oestanhedi N astsh@vnsmpIoS hi Acyill i B AFIGE.2langF tifisrhte thadfthervadder i al - 71.

I'n ot her %g(t'? g eoSl!;: llccjﬁforrr?jho é% thattc)u%tf(l)}m%:dﬁ't er!;u(PWl Jg[ to} é%%) rﬂ%&l%l’[ﬂé 71 and

t he band a e non-cy rical profiles an ntary in
shape to é@@ﬁ“@ﬂ feapations 75 may conmpiize Wayeh Gefichrpell- %‘flpeltfo@a“ms "fstﬁ]i“’t‘%é"rFI@%ﬁ‘prl ses a
backi ng | amer Tikhatd@tmaly Se ¢nCipii@tbdtn@nih iR 1dwatialoa aeridl bﬂgleﬁtﬁﬁ@r‘m&l ymﬁﬂqg The

backi ng | 7 be f for I nd Ti, and
i s 35radi Q:\F((Fy“e;togfﬁmftmtgéﬁ{}ﬁ% alné(l)’ r|Sh8 nmménr%g t?f %Yv gt Ihaterlr’rygdl ment S,

t he | ow f kinpatedig the@gt@163 T3y ¢ogiprise a PTFE compound tape.

In some embodiments, (FIGS. 4, 5 10 and 11), the low friction material 71 may form a smooth
profile (e.g., cylindrical in its final form in FIG. 11), such that the band 63 undulates in a non-
30 cylindrical profile within the smooth cylindrical profile of material 71. In other embodiments (FIGS. 6
—9), both the low friction material 71 and the band 63 each have non-cylindrical profiles and are

complementary in shape to each other.

The embodiment of FIG. 11 further comprises a backing layer 77 that is joined to the tolerance
ring assembly 61. The backing layer 77 may be formed from, for example, steel, Al, Cu and Ti, and is
35 radially external to the low friction layer 71. In some embodiments, the low friction layer 71 is

laminated on the backing layer 77. In some versions, the low friction layer may comprise a thickness



| am nated on the backing layer 77. In sone versions, the low friction |ayer
may conprise a thickness of approximately 0.1 to 0.05 nmon each of the
radi al i nweroand3qant er surfaces 65, 67 of the band 63. bormree@w/7dlbe | ow
friction layer 71 may be bonded or welded to the band 63. In still

ot her enbodi nent s ng a tolerance. rin ri ses providing
o Sheer T Srmanrrrenf LEROR R Dol B Pl pii g S PR L MR Sheet

f abri cat i Mgregeothetav foelon fager Ao dondat @ wskitieo gheetl 63.0 f orm a sheet profil e;
encapsul ating the sheet profile in a low friction material; and formng the

encapsul at ed Sh@ﬁﬁmﬂﬁ@&&MQEMB%Qmé&hﬁﬁHthﬁuﬁﬁﬁ&ﬁmg&mhﬁ&ﬁb@w&Q £hadace ring.
The apertyre formati on na nprise form ng ﬁ@ in the sheet by

per f or at i REGo8 & g ef"ffné{‘éf‘i’eété’ﬁ nge 6lffeetgfé‘6 te ﬂ%?&?“‘?%F"Hﬁ%“P‘E?d‘&% nto the
sheet Haythbeeaociompd shahgdiillgn@plaingghe sfeetrpmifign @ owddeipn datais; agl fwvaees, bal | s
or cones (o, f kMG SRR inBhOfinlig- sha};tlﬁ) ERCANSH&filng step may 10be
performed 1 n the sheet profile in the low friction *mat eri al by cal endaring
or lam nating through the apertures in the sheet. The sheet nmay be forned
into an annul af “G&A feﬁ%{ff‘f“i?@ TR TR (e S‘}fﬂf‘d’ hgls ig fhe éll‘ff’t#’ée%@m“ﬁgrfé | ow
friction sambparg dhe fehicajps ol adesichli@maivniih@theBiancnag be fvcinpdithedppt dointnge r adi al

| nner and;gish el iSLAGE %A Suls O BHEGD, 1l Bl fhed BBk OYte eﬁeagshlm{% IpLgrial . The

met hod ma nprise, af encapsul ation, formn apes ‘in the | ow
frictit®n ?Wﬁﬁ@%q%ﬂmﬁﬁﬁmﬂ%ﬁ%“@6Hﬁﬁ%%%%@%??“ﬁﬁﬂ§ﬂgﬁéOmePﬁQgﬁgﬁﬁﬁ@?|ca
fOFﬁHtiOnamﬂﬁmﬁmeeSB&GUEEM@&E#G@bﬁhﬁl&@&ﬂhﬂ@n&ham&&g&ﬂﬁpmﬁ&%dGQHDrISe

col ning, g:u aces ior\}vqucq 1 dI/IlOtIE’:Ha?fI:HrC]t ?urlz{te@ %etalt]n%larl l%\t% fugli; tﬁat 'bgH? the ra 1nner and The
fabrlcatlng an enca sul a eps my o ? each ot her,
and the eﬁ@ﬁgﬁ@ﬁawﬁbﬁmﬁhvm@@@dwv%F%mmaﬁﬂﬁat|on. The nethod may further
conprise installing a backing layer to the tolerance ring, such as on a
radi al exteri owrheqlﬁetﬂohl Riay @Mhef EdnplideQified eagagsrulaﬁ&@fshﬁn@mﬁﬂlh R MwStriflios cl osed

her ei 5 have sulgml |ca t a vanthpg S over conventi on l tlonI% For
teria are 001{1113 ementa m s o the eometrlca ormal 10&15 n e S ee ro 1le (53
exanple, the combination of a tolerance rin omeric backing

i nmpr oves fmn&i@megﬁepomayp@ﬁ@ﬁ%ﬂqw@g mﬁlﬁgisrlwa@q/prs@?meﬁhep@r frletnqmn@eal The term
soft is U&s&aﬁdg aﬁceernls@su%ﬁmgogiegwnw R b8t & eac o @WRE thk 8X&sullMoh bhay €SS

vari ation. 1‘ Hg se materjal s Flgg %ﬁ ntI qecou l.e the two
mat i ng paPth'ér Vtaﬂﬁ?‘“aé{?‘b CoRH ‘%fit“éaéi BTSN “ﬁg ProtiE4r Hidni shi ng
ot her ar eash sfon pedioxmanotthPowdridigslayet.,, 25t hese designs significantly
reduce noi se and vi brati on. I n anot her exanple, a netallic materia

W th spring beh@vehﬁsdlm&tsqgasse@hewlﬁﬂave?sfgnaidiheﬁv%eag@r&dér@Jnvaﬁlbﬂmrolum conbi ned
with an elastoneric | aye ownacmT site mate The petal may

conpri se, I'd .e’g?“{ples‘Pea‘i"ﬁ‘P‘)é(?’é’“ ghadgdprance dpegthnstaggpers rbaCBt“ﬁ E‘iperéséﬁ e et al s.
The el ast oheniccinpachiseigr prafymeorpihesen sef igused nitdms dfprovidibberque medpreene

rubber, s 1ellél GRIDNEss VMQQ&{ In tgllmg fof 1@‘!’1@ tl%ls%arté? g@ El!;rﬁﬁcalgf}ldycgﬁﬂketrle two mating parts
30/po|yester el astoneric, ene ene-el astoneric, ethylene-acrylic

r ubber an@W@WC@Wﬁ&?&y8F&§F8ﬁ%$%@mmwﬂhﬁﬁﬁ@Pg%ﬁ%@ﬁPﬁ@ﬁ#@“mWﬁeA%%W%Pance ring
may COFPr ihse daipnd didndicanm@tealct h@sclasdretratiand an ext ernal el astomeric | ayer.
I'n other enbodinents, a sliding or lowfriction layer is added to the

structure. Th eﬁ%ngﬁe? EQBle, | TR %a&nha? with %pﬂthaszoi)Q €ateh §%in A aahdde 1:8),£T @NCE
conpensating el enent For exanple frictio
primer and combined with an elastomerlc layer to form a composite materlal The metal may

comprise, e.g., stainless steel, carbon steel or other resilient metals. The elastomeric backing may
comprise, e.g., nitrile rubber, neoprene rubber, silicone rubber, olefinic elastomeric, polyether-

30 /polyester-elastomeric, ethylene-propylene-elastomeric, ethylene-acrylic rubber and/or fluoro
elastomeric. In other embodiments, the tolerance ring may comprise an inner metallic layer and an

external elastomeric layer.

In other embodiments, a sliding or low friction layer is added to the structure. These designs
improve the sliding properties of the tolerance compensating element. For example, the low friction

35 material may comprise PTFE on the elastomeric layer, and/or even on the metal side opposite to the



35material may conprise PTFE on the elastoneric |ayer, and/or even on the
netal side opposite to the elastoneric |ayer. Like the elastoneric |ayer,

t he | ow fwoaebinzdiayer al so nay be bonded to the tol er arce/mreong/o(E2y.
either the netallic or elastoneric llayer) with an adhesive or gl ue.

In still aother enbodinments, a ent rris lamnated with a
o Fri ot PO B e el s 5y be A o e et B s st
adhesi ve amdf.greifurithivgretalindr drowbéripddenwithanadheSed @slvoneri c | ayer to forma
conposite material. Qher conbinations also are possible. Sone enbodinments

i nclude a tol etn@n@ahgrtmdmat alre%m@mptt@t Bl iseReARS WAL B9 t¥iod AferdaOW
friction | ayer co ound For ex a conposl te structure havi ng a

per f or at edREAATIRE MR g 'tec?P*}‘f‘édV i f“b?t‘ih%sHF F‘H‘é’ R fnd;cqmiins iR it
encapsul atletnwii¢ lhyePdFdrm aBatiositeh@teddmposicomigmtian disé rieppsidd otk on met hod ar e
di fferent exﬁﬁo&%@cs HANG l&hér&l%n\%?da{ 19&&%16%%@&5%13@({1 byatﬂglo@lf&gorg dJeI erent froma

conventional tolerance rin descri bed encapsul ated tol erance ring
sever al dFPP@W@nfmFﬁﬁ@?fﬁﬁ%m%W%ﬂTﬁ%ﬁmﬂ@ﬁaPq%@@%mgﬂﬂﬁﬂﬁﬁ@ﬁt%ﬁ%ﬁﬂmg% a

sl i di ng beai is agmphdjenagdiatcdd @mMBPTHRO| er ance conpensation, a defined torque
can be applied and they work as tolerance rings with inproved friction
properties. Aspg, ﬁlgb&tptﬁto% oflf 0 Aodo UG OB B Bk AV Ry o B olngighd?t eel
mat eri al sheet or first 15perforated, then s aped (€.9g., in
mavelebaVP“%ﬁ%@a§%%%%§“ﬁ%ﬁﬂ%ﬁW”BPﬂéﬂ“H@%ﬁEdVﬁ%ﬁméﬁméﬁﬂﬁEﬂ”@ﬁ%bes) These
shaped arQﬁﬁm&ﬁMgbﬁaﬂﬁgﬁkﬁﬁhymﬂbQ%pmhmﬁEGNﬁﬂﬂm&ﬁhmﬁda&kQﬂﬂhyb&ﬁgﬁther

Thus, in S(?hmaﬂd%OHa dl[erqecre]tcosn’l eisal 1e0§1ea datrlneil 91‘%]6 can}éea he angﬁl };Vrv](g es t(Elf(:)anecr ance rings
as on conventl ona ce rings odi ment’s e spring stee
core is fu%ﬁymbwﬁﬁﬂﬁﬁﬁd@?m@ﬁ@&psulated o) that t he resultlng conmpound strip
shows no wavi ness at all, and appears as a bl ock-1i ke shape. 20The

encapsul ati on msubﬁataemnav@ﬂedliaﬁyeexapﬁpg facl lbaferal Gt @rastamyrbg fiRf OCess or

thr ou%t | a Pe@ora?& theg Is(ha%ed I’f%. tlI(I) \I;]v;[wg E)zrllleh hapes (518(9 herC%) or X 1ned &ateh)e latter

case, I‘UC ure or core to
make the E@aﬂrﬂhwgd @aapalbt@rtg@taﬂp%@slteﬁ ﬂltdtfprrvgd ¢1%elh®a@hqng“§ms in some CGener al

appl i cat i aisdiefis, BRRARINBIHy SvaRf of MLsS to@é%&Qﬁgst£0§$OE%ﬁddﬁleoIMe Bfs uged to
produce slldlng bearln%s for clear nce(L% e or ra ce-reduced
TS g, g

appl i cat i SHE BB Brtﬂ%éte‘flﬁ‘tr%ts ¢ & §I?Rn°?tpﬂ‘ "erEttion force. The
metallic gmmamﬂ&nnédwtmowwmpsmmga&quhmaet@maﬁhamapr|ng and thus provides
the tol erance adjustnent between the bearing surface and, e.g., a shaft by

usi ngo4 he | ow tnteleﬁtabstamu&lqmg@yttqle\ce@aft&qang)wsmammgg prom@or tlQthfl“ ction layer
my engage onl%athe functi onal sid haft or counterpart.

Al t er nat i PBIUIE A {aPReP tB%%%&QrebQPW“@Bn‘BBﬁ@HT%a“ei‘r?ﬁ?“érba“b%t}‘?t Llmatet ent i on
f or ce need®el et vivenreohe@rarminhkyghedomniporapatledor pldaefittiguin fousiggsi on | ayer al | ows
the conposite structure to work as a 30conventional sliding bearing or

pr ovide a rel at}!:n\éﬁi %pl&c@t‘mn{ fof @I%éhﬁ)ightsfdﬂhgsgogluﬁte sgucrtlpcemaly% Meﬁl%'pgod{léew
coefficient of friction of the low friction materi al The tol erance

ring may ﬁ@@%?ﬁ@mﬁﬁF8?%@“?%$%%d%ﬁﬁ?”ﬁwaﬁém&“mO%%F 1”%?“”8F§F?B%%W¥ when
used bet weenewnEbd fige.CORponEntse Bueh fras sigiheeded g acodpungnd dedprovéehani sns. The

tol erancef & al) Es‘?ﬁ{&l%éwegﬁ’ s #)egnﬁr% sﬁ’% he@lob QW 1 ag 8} b, AR 1 REHURG DorGRRONENT S
once a thres torq l eve een reac Ig
coated sprlng waves The low friction layer may engage only the functlonal side of the shaft or

counterpart. Alternatively, it may engage both components, and/or provide a retention force needed
between the mating components. The low friction layer allows the composite structure to work as a
30 conventional sliding bearing or provide a relatively low retention force due to the intrinsic low

coefficient of friction of the low friction material.

The tolerance ring may provide sliding force control (e.g., axial or rotational) when used
between mating components such as steering column lock mechanisms. The tolerance ring prevents
overload by allowing rotation between components once a threshold torque level has been reached. TFor

35 example, in steering column energy absorption systems, a tolerance ring allows axial slippage to occur

once an axial force level is reached.



35exanpl e, in steering columm energy absorption systens, a tolerance ring
all ows axial slippage to occur once an axial force level is reached. In
gener al , wewes/i1ampng a | ower stiffness generate a | ow Por@eeolbea01i2ng and
hi gher stiffness waves generate hi gher torques such as for door hinge
appli CatIP 'll'hese t Eerfor mance may pe.ac é eved Efé desi gnl ng the
t ol er ance G \xwélga "é{V\‘if SIS %‘?&eraé%aaf"éi{:"f Spheed bt SIAREYEES t he
correct | emeghte bigher @d]ual sufhoss foe dgoin Bihge apilieniogso fiiyisqigpks Wi fetfortolyee mpy tet | on

character héie{leg%y @ngﬁlh'geth@l%ﬁﬁlmln}{ WzglgsqgH&/@sﬂrlggchétqgélsﬁg%atsgeﬁegdt&ge J()Qgc@e | evel s.
The el astic/plastic nature of %e wave spring characteristics is used to

limt the "Y%Pfde‘ha\}gﬁe&ﬂ Mﬁené%‘é‘?‘idévﬁhg‘ﬁff%&E‘f“c?%acfeﬁglci Y pieesrmrly REALT Bhal
t ol er ahcegesiodd stidig fasslerBl y. This mai ntains a reasonably consistent sliding
force. Manipulation of forces is achieved by design of wave geonetry,

material thi ckpgss . ARd«RantREEH: walo sﬁlﬁg&aééétérﬂu& QUERARSE L BROSARA

tol erances, the tolerance ring waves are 10typically designed to be
conpr ess eEf‘Pfﬂ?“%ﬁ acxrbln P PG dgrEiont! figrred &l horErabic ENDRIRHE CtER Bhce i n
whi ch t heconau@ssliding fordd S Malipution of forces is achfevéd HyidEsahioDWave Xdosit ey, wheiae rel ati vel y

| ow sl idi Bo. QL an&"ﬁa?én!;g”ﬁ)coﬁs\§1& &)\‘ﬁﬁ# z%mé‘t{s%neﬁ %(ﬂ:?’l lole el SHGR. AR &a()es%}eee” ng

col um adj ust nent nec erance ring as a pivot
bush. 1 n tyale@é desspidi t@%ﬁqoeﬁsssefd&weleenoameregterﬁ@rnéhe|t<gler%e0wleg41?arz§wd mr"é’éﬁhal
stiffnessmt @vet @Wnstdiled.i S possi bl e to reduce the 15stiffness of the
tolerance ring waves to limt maxinumforces, but this can result in

assenblies w tAllmqVYIO%’l ?l‘)gsltsavlrher rqcav?cla{ow)éflcr 1%/ opagona dg rcg Iave?vareer}%q\él\qr%dt}sucel ativel y

| ow stiffness waves
| n ot her w&rHsethie adwmnsadjugtmpent mewarflsmstpi Wrelt@ye?ra%vngeemralpsvetw étrﬁh%fps
i ncl udi ngappfléaﬁonemegenaalgedom@em 184341 BuirfiSss @o M. YKEF9IMEe o RALhYAam d, a

t her g?ﬁl as 4n?ss Qfo heytoleramf: hnsanf est hentnt géll’xli mm fcesslfut t%Ps%zlmyrFs ﬂl%lssgnr;Ib 1esS Tlvjlltl}cl!ﬁ%g gel ﬁ] de

pol y er SUFdNE one, enylene su

ul tra hi ghdnpidbadeutyar cwebllngtE\p@kvylemhy\teéfﬂfeN stifingshervayjy @shtlg brCﬁ lembr opol ymer, a
pol yam dep g cQahyBERZ high. dazol e, or any conbination thereof. In an exanple,
t he t her nopl astl c mat er| al includes a pol yket one a pol yar amd, a

polyimde, a p m de m dei m de, Ieneslflde a
bol ypheny! ene R e PR iy o B BAS B SR T vat | on
t her eof , pulynzer, (sm;hbs mtykmneZﬁtyhremeofthermplaalcp)alwiml@m Biyeocamqsl ze t he

t her I'T'Q(p| aﬁ&@pﬁengﬁllie%[ﬂh abd“;%lh&@ﬁ&neaa p(ﬁ’}!'sﬁ(lﬂ;ﬁg ap&%&yﬁ&: sﬂlf&gl%gﬁénq%md@
t her nopl ast1c pol yi m de, herim de, pol'yphenyl ene sul fide, a

pol yet her “1§%1]I“¥lbrﬂ‘e"°“]ér Vﬁdﬁhﬁ/@%‘flﬂﬁ’é a t%f’“ﬁﬂ"%frﬂ“&é?‘}lﬁ“&e a PAYYRRiKi 4 at i ve t her eof ,

or a conbpagtizonddzéle be@l contbihagonfiwrdhh e anexampd, @p thtdepliat dteral indlmicd udes

pol yket ong yk§t‘dl?e a ?yaﬁ%ldy% %ﬁld%gﬁxﬁetﬂéﬁﬁl%‘% 8&%5]5&%111d&?ﬁdﬁhéﬁg&ne‘éﬁh&n@

p0| yet her et one ket one ket one et one erivatlve
t her eof , ByPhengispasPiPRE. i@ SHOrPIRE e POLRENZENIdHRlT- @ dg DRl %@ﬁmfﬁﬁe?bﬂiaﬂ@l udes
f1 uorpn at ecke@t il peri el ERRpk aRahdidpR) tic nRTER, incpodsyi\pbifiydr] sdenea pdiykenhctde ( PVDF) ,

thermoplastic polyimide, a polyetherimide, a polyphenylene sulfide, a polyether sulfone, a polysulfone,
a polyamideimide, a derivative thereof, or a combination thereof. In a further example, the material
includes polyketone, such as polyether ether ketone (PEEK), polyether ketone, polyether ketone
ketone, polyether ketone ether ketone, a derivative thereof, or a combination thereof. An example

30 fluoropolymer includes fluorinated ethylene propylene (FEP), PTTFE, polyvinylidene fluoride (PVDF),
perfluoroalkoxy (PFA), a terpolymer of tetrafluoroethylene, hexafluoropropylene, and vinylidene
fluoride (THV), polychlorotrifluoroethylene (PCTTE), ethylene tetrafluoroethylene copolymer (ETFE),
ethylene chlorotrifluoroethylene copolymer (ECTFE), or any combination thereof. In an additional

example, the thermoplastic polymer may be ultra high molecular weight polyethylene.

35 Lubrication of the sliding surface (e.g., with oil or grease) may be used in high force
applications. Exemplary solid lubricants may include molybdenum disulfide, tungsten disulfide,

graphite, graphene, expanded graphite, boron nitride, talc, calcium fluoride, cerium fluoride, or any



perfluoroal |l wxy (PFA), a terpolyner of tetrafl uoroethylene,

hexaf | uor opr opyl ene, and vinylidene fluoride (THVY),

pol ychl orworbflarsrieet hyl ene (PCTFL), ethyl ene tetrafl uoroetEryéieneoicopol ymer
(ETFL), ethylene chlorotrifluoroethyl ene copolyner (ECTFL), or any

conbi nation thereof. In an additional t he ther mopl ast.i c pol yner
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t her eof . nbi nat 1 on of spring characteristics o he tol erance

ring- typetoffi‘j? ]éVe\MOE ﬂ‘d’t‘l%"a{“&ﬁﬁP@F?tloﬁstf‘ Y9 W daepshvigHaghgcrd joat siegthof a | ow
friction s@anpeuidngasedhautegiosshbliri@cevitiona desnarrih@wer friction sliding
interface. This design enables tolerance rings to be designed to operate on

a hi gher tor qu p h@éﬁgxlls fgr(g{l %Jn (an[}:gts 91%@56' f&ge l; ﬁl ;Jsé%ﬁ'lﬁhe ?OIP orBM rwder
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are podsi E}Fféowstswh@blhﬂ}wmﬁﬁf‘éﬁl ant‘ mlléﬁrdﬁ%féoqef nigiese apRbptipRs é@thI{fri%ng? or such
enbodi menmschhdivgls tEdErovidd b I@XaBRibefordd htmgellaaﬁlecrrﬂaiqhaszeﬁtm:rhf@ﬁfe babd ®oduct.

10el ect r oni ch. as. | apt rs and es. These
appl i cati 2 rzllg' §0naH>earm§s dﬁ .pri 1de %%)\é&/ﬁ% I'Illlyon orcef EFI well as a WeH gafrneé 1In1t1e190r%1{e ﬁ?\iv%]?]r force at

a well - deﬁvltm@elm'ee@v@u@e mqeq VatUh aay efkept M@V@f cov%@t ?yprdbhmceductﬁfeam dvje emibd
beari ngs q)ang)ardglwfﬁi@u@q olfﬁW,Vsﬂrlﬁé @é@tm& cfo@slﬁe@ v@tﬁ 1048 ear @&e%m&donﬁ i @med initial

torqu nvent | tor.qu ept
ol o el SR B HE B St [ar g SR Rebr i o ad) ust
function of the spring steel waves conbined with | ow wear of the | ow
friction | ayer Thi witkedoeriptiersss exanplds. iichydiag the bistenadneed alsotgmabhrtassét efe a strong
retenti Onort]fﬁﬁrS;ﬁqlblHEhe\élt tomaé g uIertlleQﬁv'elgﬂn The patentable-ga)b@of\fﬂ’ehﬂvgtﬁllan dasmed ption
uses exanglg | i ncl udi gﬁg t he best node, enabl e t hose of

KT gla f

ordi nary Ph AR 4P G hER BRI ?f% “’t th‘@e ka%HItﬂi‘ec?H S¥hedat ent abl e
scope of tdaeplesweentidedtiobswiddf haecbelftht Hemgil tieyigye eandurthalmenrchaydencot her

exanpb@s Elﬁatfroglqgeq{ter;h Qng%}llla&%?thé gl!ulnL %{jlf lhgy 1Ba&e%lﬁvale§l§mtu9ﬁ Q%enémﬁpl es are
intended to be wthin the scope of the claims if they have structural

el ements PHAMYY dﬁfﬁ’fe“?@@‘i’“?@%Pterﬁlrli‘iﬁﬂ‘atg?fé’fth ti@Psl | anguage of the claims, or
if they include equivalent structural elenents with insubstantial
differences fromthe literal |anguages of the clains. CLAIMS W claim



1. Atolerance ring assenbly, conprising: an outer conponent having a bore
with an axis therein; an inner conponent nmounted in the bore of the outer
conponentwoucin7shat the i nner conponent mates w th thepoutrreoloomponent and
is novable relative thereto; a tolerance ring located in the bore between
the inner and outer conponents, the tol erance ring conprising: an annul ar
band fornmed froma netallic material; an elastoneric |ayer on the annul ar
band; and a low friction |ayer on atLheast one of the annul ar band and the
el astoneric layer. 2. Atolerance ring assenbly according to Claim1,
wherein the annular band is formed fromspring steel and the low friction
| ayer is |lamnated to at | east one side of the annular band. 3. A

t ol eranceicli* assenbl y according to Claim 1, wherein the low friction

| ayer is on theasmd @iy aBandy, oppoising:e t he el astonmeric |ayer. 4. A

tol erance ring as%ecq)bl gne%%qug%b&gw p.gaiml, wherein the low friction

| ayer conpri seS PH-t" %onded {6 one nf t he annul ar band and the

el ast omeri ¢ | agieiner ¢onponehfanoghtegdsn ke of Uegylercompmpitissddhaptieingt nitril e
rubber, ol efi nmlpeﬂeatsﬁmml Ge oR@ LSRRI ml Q%yﬂ)&tragtw@lh@@ttoorrer ic,

et hyl enepr Opyl ?to eran(feaﬁ%gt; f())? erdklct%]e oreq}ét %enetheaiglg‘e zlmld%ut!:r%bntl)f%glen% tg Jeran(ie rln%I
el astoneric materia erance ring assenb AL Co g aim1l,

further conpri simpgsigen adhesi ve or priner |ayer bet Ween t he annul ar band and

the el astoneric | aygfan@dRgadeineannt NediRWaliiction ayer and said at |east
one of the annular band and the el astoneric |ayer. 6. An assenbly,

conprising: an out e?“eéaétﬁﬁfc‘ﬂ‘féﬂ’f‘rOngﬁa’i“ﬁﬁbl?an‘i:é‘?pponent | ocated in the outer
conponent and novabhkwiddiai laxeeort d it of @e dnollgbaneead the dgomaditiiyed bet ween
the inner and outer conponents, the tol erance ring conprising: an annul ar
band fornmed froma netallic material and having radial inner and outer
surfaces; 2and A tolerance ring apsgipbly gepadipgyf Clpip bpibgpin B appai ot i fognadii@™annul ar
band, suckpribhadel Dothh idvTacHARV@ ks linRiken i Basobte Sile Fuchat@sbaad.e substantial |y
| ocated within the low friction material. WD 2011/ 073412PCT/ EP2010/ 070123
7. An assenbly according to Claim6, wherein the annular band is |ocated
conpl et el ¥ wi t hitferankerifeaswemnily opdrdipe ahtass | ahergipfh lopHegtiopypaoriben of t he
annul ar bafnGad tanevppesast dsemandeexternal to the low friction material.

4. A tolerance ring assembly according to Claim 1, wherein the low friction layer comprises
PTFE and is bonded to one of the annular band and the elastomeric layer, and the elastomeric layer
comprises one of nitrile rubber, olefinic elastomeric, polyether-/polyester-elastomeric, ethylene-

propylene-elastomeric, ethylene-acrylic rubber and fluoro elastomeric materials.

5. A tolerance ring assembly according to Claim 1, further comprising an adhesive or primer
layer between the annular band and the elastomeric layer, and between the low friction layer and said at

least one of the annular band and the elastomeric layer.

6. An assembly, comprising:

an outer component;

an inner component located in the outer component and movable relative thereto;

a tolerance ring mounted between the inner and outer components, the tolerance ring

comprising:
an annular band formed from a metallic material and having radial inner and outer
surfaces; and
a low friction material encapsulating the annular band, such that both the radial inner

and outer surfaces are substantially located within the low friction material.



8. An assenbly according to Caim6, wherein at |least a portion of the
annul ar band is exposed from and extends externally relative to the | ow
frictionweaterim@bsiz2 9. An assenbly according to C ai m 6pCrpPe@ion7dibe

annul ar band is spring steel and is perforated or stanped. 10. An assenbly

according_to C aim wherei n the apnul ar band conpri ses geonetri cal
formati oné t hat"&F& ?y&%d&lgtt%%lﬁléi%w %r/e“btg‘f WP‘ﬂ?j%?W ‘Sglgcé‘}ﬁ ol "ﬁ’d”,‘ﬁl%l%? t he
geonet ri chw flicipmaterphscicnme pa@n whbespulg bndss egposdiidiom-aghaped! H ok et | ons.

11. An asgephlyeggcording to A aim6, wherein the annular band is

encapsul ated wthin the low friction material by calendaring or |amnating,
and the low friction material conprises a PTFE conpound tape. 12. An
assenbl y accor dh mgentbty aloaiingit®( laividte tvidirdin 4t Reest h patidnfof @& an@inarivatday dxpdsed or ns a
snoot h cyl | i { . . pand undul ates in a

non-cyl i ng!rn?%{glegt%lrdé) |tﬁ91%h%\n&taw?cg(gtth%1%$sf%g¢j g%lf}*?i ndrical profile. 13. An
assenbly according to Claim6, wherein the low friction material and the
annul ar band eag kksddyechamntyChibd, Wealin B¢ Shildresmdangrilseccanppeorriary in
shape to grasgah ot her. 14. An assenbly according to Claim®6, further

conpri sing a backi ng layer joined to the tolerance ring, the backing |ayer
is formed fromone of steel, Al, Cu and Ti, and is radially external to the

low fricti®@n | ayekembBNEcotd 1 OMinfd, vEddiPfe AnBMEbaddSorh@isR&RMicAN the backing
| ayer. 1?. An aa;sen}é))l%e algcordl ng to. C 3} m 6, %{gerel n.the low friction
| ayer has A" VRPRRESSST USsPre s et BLSP 02118 G OO M BHOERENS of the radi al

i nner andcaptigrwagasrdoes esbalbthapdddormmivnd. ar band, and the low friction layer is
bonded or welded to the annular band. WO 2011/073412PCT/ EP2010/ 070123 16. A
met hod of formng a tolerance ring, conprising: (a) providing a sheet
formed frbm a ABESMERECHEEET Gpim ‘)?B?"mf‘@?ﬁnﬁ‘ﬂargﬁﬂr‘st“iﬂ?a@%‘laf"ﬁ “ithia the fodet ; (c)
fabri cati Agti@eenEiliby cainddriog sradnioNise, ndtle lewkicgheeteridl codfppisaan 8TFheet profil e;
(d) encapgy pg,}nid .the sheet profile in a lowfriction material; (e) formng
t he encapsulated sheet profile into an annul ar shape to forma tol erance
ring. 17. A method according to Caim 16, wherein step (b) conprises formng
shaped holies i Anhdanbshe@tdiRyo QRifoiRbdinge 0% EliaiRidgl fork8 a Andvet hod accor di ng

to daim g‘y 1hdr¥c"zﬂ%¥o%16p an§ th anglg ba1(1:d0 ur;rlylﬁzlltess?ns a Jog'-tgyrlfngrlaégll p?(giletvt}%ing!heeosglg(gtﬁ i cal

cylindrical profile.

13. An assembly according to Claim 6, wherein the low friction material and the annular band

each have non-cylindrical profiles and are complementary in shape to each other.

14. An assembly according to Claim 6, further comprising a backing layer joined to the tolerance
ring, the backing layer is formed from one of steel, Al, Cu and Ti, and is radially external to the low

friction layer, and the low friction layer is laminated on the backing layer.
15. An assembly according to Claim 6, wherein the low friction layer has a thickness of

approximately 0.1 to 0.05 mm on each of the radial inner and outer surfaces of the annular band, and

the low friction layer is bonded or welded to the annular band.
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formations into the sheet by coining, form ng or deep drawi ng waves, balls
or cones to formthe sheet profile. 19. A nethod according to C ai m 16,
wher ei n swepo(idy73gaonpri ses encapsul ati ng the sheet prof iPce/EPpoheoibow
friction material by calendaring or |amnating through the apertures in the
sheet . 20.éA met hog‘\?ﬁ?c ording to Claim16, wherein the sheet is fornmed into
an annul af®bant " ﬂng%H? THHEE GRYBEt er surfaces, and the | ow
friction fmt er palidiegrchps ol éomtahetabinmatkd; band such that both the radial

i nner andgQut ef, s f2366S ih&nlecated within the low friction material. 21.A
met hod according to Caim 16 further conprising, after step (d), formng
shapes i n@ he faBifngigeqesieel fapaiopsapto R gtectds ere b BlRt ary in shape to the
geonetri calb f oedy@kilong th Fhedt it hedbw picodu hairialand t he form ng shapes step

Corrpri Ses C t l i apsulal iS ie 1601 l() .I' [0) iano IliC the l ow
friction Frgt erl%gﬂlg tgg%ﬁ%grétq%o% Q)g%%r I %‘891?’34‘ ?Jgag%rgﬁgi%, t\t}\ﬁ%r%@lﬁ step (c)
occurs before step (d). 23. A nethod according to Claim 16, wherein step (d)

conpri ses11. am Aateihodacadidin®6 ClAMS 1) @h@iestl®RohBHss fatdindsHaplanoe immeor di ng to
Caimi6, fuyrther conprising the step of installing a backing |ayer to the
shee per oratdng[(r)ﬁ

stamping = . . . . .
tol erance’Tiny e"Backing layer is installed on a radial exterior of

the low friction | ayer.

18. A method according to Claim 16, wherein step (c) comprises fabricating the geometrical
formations into the sheet by coining, forming or deep drawing waves, balls or cones to form the sheet

profile.

19. A method according to Claim 16, wherein step (d) comprises encapsulating the sheet profile in

the low friction material by calendaring or laminating through the apertures in the sheet.

20. A method according to Claim 16, wherein the sheet is formed into an annular band having
radial inner and outer surfaces, and the low friction material encapsulates the annular band such that

both the radial inner and outer surfaces are located within the low friction material.

21. A method according to Claim 16 further comprising, after step (d), forming shapes in the low
friction material that are complementary in shape to the geometrical formations in the sheet profile, and
the forming shapes step comprises at least one of coining, calendaring and sintering the low friction
material.

22. A method according to Claim 16, wherein step (¢) occurs before step (d).

23. A method according to Claim 16, wherein step (d) comprises lamination and occurs before

step (c).

24. A method according to Claim 16, further comprising the step of installing a backing layer to

the tolerance ring, and the backing layer is installed on a radial exterior of the low friction layer.
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