PROCESS CONTROL OF TOLERANCE RI NGS FI ELD OF THE DI SCLOSURE The
di sclosure relates to process control of tolerance rings for nounting
between mating i nner and outer conponents. 5 BACKGROUND It is
known to cHOtYIsiHHet her mating i nner and outer conpon8RTABWEY WG
tolerance ring. One exanple of the use of a tolerance ring is in a
hard di sk drive (HDD) pivot nount, where the tolerance ring is

sandw ched between, and provides axial retention between, a bearing
housi ng and a bore in the head actuator m The use of a tol erance

ring enables the nanufacpﬁ%¥ﬁ§CP@F%?%ﬂﬁgéiﬁ%ﬁNqﬁﬁgﬂﬁﬁting 10conponent s

to be rel axed, reduces assenbly tine, enables easy disassenbly for

re-work, and can inprove resonance performance. It is
i mpor t ant HUF OF HEE PISEL@EREeen the mating conponents is sufficient to
ensure that there is no axial, i.e. linear, slip between them during

operation. |t iThe difréosuss elptes tolprodepsabtitrel of tlermesiringsrforpamiihglestseronpting inner
tolerance;ﬁ&ﬁg§mhgmgﬂ§ure that the force (known as initial slip
force) at which linear slip 150ccurs between the mating conponents
between which it is to be assenbled is within acceptabl e paraneters.
SUVWWARY  BACKGROWEDnet hod for determining initial slip force neasures
the peak force (known as peak assenbly force) required to nove a plug
gauge w t hi n a Igsleoassermiécytogeheramatiad ieveasnd eutericongposent ugngraitigan2OdpgLye. A
he’ peak qoeoras #E 0 bR BRI R (R ED A M B tRipgae, |

. | . ut si ) .
mr oF e HE SRV PR o e et | BCSABSHSR( 8 LS Pditar
subsequenthead-agnatrd e Fhe W efndaicacaring geblpgrtpniaddageadtolassentiyi the ragn es
Wi t hi ngeac CeRfoadhtsSo BEBEIEKk) feduces assembly fHRVVBMEIESs eas?r RRasREBl rRRSERADLM fiOr Ce
can be influenced by features of the assenbly such as elastic
def or mat i SR ELET pﬁgpﬁpﬁation, roughness and out - of - shape effects,
none of which influence 25axial slip force. Fri exanple, it has been
found that a pdakivpertepidaethbiitpetives g meiing coeropantsiiselficituhte ety thaghera ihe
pl gg gaugeo kdlliledinkay, sxéfaﬁﬁ;a?tﬂ?maiu@rgﬁb@ﬁm Nis ke d&%frab& u?] @ébrance ring
and energy. i equi.red t ef or ridage taq. e the gauge to .
T de ovaymaniach SR el S E0L Bkl ol ol S AR et D PR o° |
i s ass¥nblosqrsieiedn the ggiing comppgnests betyreeh yhighyi & Fode esembisd fsiwithip ageepiblep
force. |t pamset@d. SO been found that peak assenbly force is affected by
pre-assenbly surface treatnent steps such as passivation. Since it is
30preferable to apply process control neasures to tol erance rings
bef ore surfU¥B&ARY eatment to ensure that errors in the process are

detected as quickly as possible, the effect of surface treatnent
steps on the  Onemethod for determining initial slip force measures the peak force (known as peak

assembly force) required to move a plog gauge within a pre-assembly of a tolerance ring and a ring
20  gauge. A sample of mannfactured tolerance rings is tested in this way and, if the peak assembly force is
determined to be outside acceptable margins, the manufacturing process is adapted to compensate so

that subsequently-produced tolerance rings provide peak assembly forces within acceptable margins.

However, the peak assembly force can be influenced by features of the assembly such as
elastic deformation, plastic deformation, roughness and out-of-shape effects, none of which influence
23 axial slip force. For example, it has been found that a peak in assembly force can occur when the head
of the plug gauge initially contacts a projecting ridge of a tolerance ring and energy is required to
deform the ridge to enable the gauge to slide over it. This effect is not experienced when the tolerance
ring is assembled and in use, and so it is unrelated to initial slip force. It has also been found that peak
assembly force is affected by pre-assembly surface treatment steps such as passivation, Since it is
30 preferable to apply process control measures fo tolerance rings before surface treatment to ensure that

errors in the process are detected as quickly as possible, the effect of surface freatment steps on the
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peak assenbly force neasure is undesirable. Accordingly, the peak
assenbly force does not give a true representation of initial slip
force, and is therefore unreliable. The assenbly force can
becone sub¥if1EY const ant once a gauge novi ng rel at PEEIBIPOYN07542
constrai ned tol erance ring passes beyond the projections of that
tolerance ring. This neasured force, 5which may be referred to as
remai ni ng regksendilyfofomeeure inpslesiablp dhcoglingtyrtepealoastembly rce dees ot give a true
initial sliRsdhefiGrhBaRPeRK RASs8 Y ularge. It is also far less

i nfluenced by surface treatnent steps such as passivation.

In an enbod' rre%e a eB{; O?o?é%%ancog&gxg gjbstﬁlﬁ%nh %ginstlan OV},'Q%_\ Car;'l Alby ?g%lfivqu a out er
conponent is moved reéfative to a cons fa|ne 1 érﬁnce_ I'ng so that

t he nmovi ngowstAsoirsHace siag eSS 15eps Rie PrpiRaiopoihe cldraprsingf Thisgrepsared HF%r ance
ring, and WA s lef@eried® af RMeiing SGUbIY kel Has Difilth exoaget foirSlatvh wiiNRiAL sUVOT €
par tic .U| arf%r ¢ than Jealt asfsel rb%}; forde REE aﬁs f? legﬁﬁfﬁgn(%edcg S0 Rt Q%Ts gugil as,

i ncl udi ng ‘the sPeps of: fa constralning a toferance ring

rel ative tP&¥HE-0f an inner and an outer conponent, the tolerance
ring conprising an annular band of resilient material having a
plurality of prDnembidiest, projedetntrhignethadiinhiclyantiver @ outarrpmpbieplly momwdi Nng
the other rgititv% & cntBi&kd {Bferagcg Tmﬁé so G %@ﬁ& C gBIFﬁﬂggé@%%nétfPe ﬁrtﬁ&tic%ns of

constrai ne erance ring sQo as to conpres proj'ections of the
t ol er dfice B PlgBTTRSBhmEARENRE R, BFoe é?ﬂ‘&lre%{?ta@?w%@ﬁﬁﬁ??@ﬁ‘fts; (c)
continui ng novenent of the inner or outer conponent, respectively,
beyond t he pr ojMoctpadipgarly, in a first aspect, a mefhidd ofiprvastirontrrg ingudingrtieatepseffui red to
achi eve the continued novenent at step (c); and 20(e) using the force
gyaasur eddat bst & A ajnin;gﬁtdwr@seeﬁg refa@lt6 6be of an inner ancli1 dn%ut'éﬂ?mﬁbh&n@ﬁhe”?t hod

i scusse ove. the plug gauge ssed through.a.tol.erance ring
Const 1 at ned A Fres o nEnd e ol S BRRE R L SRR ¢ e
advanci ng pedrgtng ragfelly thesefforyg cont act surface travel s from one side of
the tolerance ring to the other. The maxi nrum force (peak assenbly
f or ce)isr equi r edb)fdvidehé @R oftiliel ithe 0D iedBdbipohest Withaspecrtclthadvdstmiseditademe t O
be represeptat.l LD ' SRect
novever (e s ot AEpbBlibl il Halieiion ookl Mie S LorBSBE
novi ng conponent (inner or outer conponent) beyond the projections of
a constrai ned tOCEHRIREEVTTIE: of L FR) & AMEFoR: ‘lﬂ‘e‘ﬁ’§?8“f“ﬁlyﬁ?‘"§°8gé‘§ control .
The procegsejetmt;r ol nmay be process control of a nethod of

manuf acturing tol erance rings, the constrained tolerance ring being a

sanpl e tol er ang® mekshithg a3RceFRAMIACIMER the B8RRI AGmERatsBR); and
manuf acturi ng nmet hod. The process control may be statistical process

contraql,, and t net i f ] statistical analysis
on thgkforce ngggﬂ%%éggfyﬁ%%%ﬂ%%#gE%gg&ggég%ﬁ%% t he net hod may
include the step of conpiling a process control chart including the
force measur ed Dhe micppethaq yliscusedabeve( thy piyegayeg js papediiereht gemeg riignt r ol
nmet hod mayolesizdwitiiete triglzadee so tRathlealfingadge, i.c. the advancing edge, of the ring contact

surface travels from one side of the tolerance ring to the other. The maximum force (peak assembly

foree) required to achieve this movement is measured and is taken to be representative of the initial slip
25 force.

- In the first aspect, however, the assembly force required to continue movement of the moving
component (inner or outer component) beyond the projections of a constrained tolerance ring is
measured and used in process control. The process control may be process control of a method of
manufacturing folerance rings, the constrained tolerance ring being a sample tolerance ring

30 manufactured according to that manufacturing method. The process control may be statistical process
control, and the method may include performing statistical analysis on the force measured at step (d).
For example, the method may include the step of compiling a process control chart including the force
measured af step (d). Steps () to (d} of the process conirol method may be carried out for each of a
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plurality of sanple tolerance rings, and step (e) may include using
the forces neasured at step (d) for each of those tolerance rings for
process control . The force neasured at step (d) is typically
the force Wéh’t?i“?’@dz"f’o achi eve the continued novenent at P&TABINEYEFE42
speed. The continued novenent is preferably novenent along a
5predeterm ned distance. The force neasured at step (d) may

al t er nat i wlyajjty |gEsappletolergnce sngscagd;fepde) mey ingludsinaineahe frees astieta étep e nent
accor di ng ekch ot dd¢ RBRAR Fifls R Prodeadcomtidl. € speed profile. The force
nmeasured at step (d) may be used to determ ne whether the tested

tolerance ring ﬂoxlcezﬂe%lntre‘é%{ ste?%%%?cmb erf&l?éra#ﬂéﬁqﬁfg‘:h?\ﬁlﬂ&eammé' -

axial, rather than rotationa et ween g conmponent s
bet ween WHIO¥FRept 4 "§“35‘§t§é‘1‘%l B4 °°’1F“F“e Ryepets BeERbly mpymeTtAgngas not

accept abl eretidveninehisnges Ty cdiberetadep ([dpmiuternainif @ciedsttergyuiprdocess t o
ensure th %Ehxe%‘@é&%ﬁéh%&ém&%&%?&@ t aClJre%EthHxﬁz@d LaiRgs,dQpBEoVi de
acceptable slip resrstance e resistance to Sl 'ip may be
represented by initi i force i resul t ant  axi

for ce whi oh midte B Bt fatse B preberet g e Gere P aB BN o

t 0 gener atddiveiapqeptibitromstance thimear (iefaxinlyethériat fogetiongl) slip béteeepdiemstingoo | ow
the conpo Q SeniBYwRE REICIRE £ 2 d4hitleNir 18 Raisthrke tb lip iSnot &Ebpm)l.ﬁen changes ma

R VERIRHIE 4 S N e s A SR ML R %frrwb i ng

an assenblasceﬁt@ieemn(ammr ni ng assenbly force) fromthe neasured force
data and using this assenbly force for process control. In

particul ar, theneatasso Gpkhy &Irepr@eﬁteh Bl}CthEUidlﬁal S fbrge, a:mﬂr iefleteaiumt Hea
corr el at I 901’ o %hﬂ%uit P'B apsllegg)n%el mg Cigne?ang o\iterr] Ic JES] %‘neaét Ig@nera% SIEPGbe a11 1'[1

det er mi ne Br e Cortes
force w t Aithe ipifiad dlivtfepads tﬁetqwrhemrt@nene OTFHEPIFELUIIAEE: ffé)trlscf@ s been
found 150 R@emypdiQskie @il Ye GEREL a1l therdTaraddsiole ERMiNSrRREPIOARR.AaS

travel ed beyond the projections, i.e. during the continued novenent
step. The met haq n%;P&)édth;%H@% dg%%{ngh{us@gbt& H}?ceﬁ%ﬁm)l a¥se1f08§ ﬁ)ﬁ:e) frops the
(remai ni ng asse

g force cal at 1 ng an average

force froersted foess aa%ttsalg ﬂP‘tﬁ*“’@‘)&&ﬁ’ﬁF &r progess cpngiok &n JREte %tﬂrrhifprtfes
I epr esent echubrmdyhreludeoning Ofredategig boralaithn béreeea ss@blyl fyred d hidialdBi frcerioned

froma begtehid whtart@mgsgtﬁt@ff&stc ottt@o att%ttar &gdfapée Wit pQlicBRtined Timits.

25representing the force data fro step ( ternatively, the

met hod, . may i nclude taking a . si force rre sur emen t step (c) and
Thi S P81 cn t nkdl PavEa SprSEoR  oF ppriay corsa Rt AP ay | on

bet ween aseamvirnihaf tavelel beyoadthe piogiomsisediihgthed contiprsd memanentrsiep. i Bk methedp
force may nﬁ?m@l@dﬁ@l@t%ﬁﬁ@ ﬂﬁﬁﬁ%lﬁﬁrc@ﬁwaﬂn BdsenthBl fBrcd) BY @lcﬁl@tﬂlglaﬂ/average or

experi men erance . rin ted to
Gof or o HBSP TR ETABE BB Y oS Rb* PHE SE0A° HEEROE BOGT FEA ol
slip forceragO{udthe kerovhly foret detotisned fram d basis linesasuskated fay thd aertion of telzreph

est ab!{z's S hfr%re%e%tu%ttﬁeqa&matﬁ B8 LYBEN Attt}eauterpﬂ@atetﬁ{tﬁt@ gﬁltucrl]el tﬂﬂﬂgﬁ@’mﬁl% oRE
aspect, after 0 enc ere e projections o
the tol er éfﬁ%gere’?f“ﬁﬂsmﬁdp)ag%%t F%ffgaz(e‘t%t}%ﬁaa@sﬁn g“te‘nat it protrudes
beyond the projections. In the continued novenent, the novi nrg
component nay pROREden brsyeomwseably ffe (lteﬁemﬁﬁﬁ*?@blﬁwbaﬂdpéﬁlsbﬂ 1Y i n

cases be determined based on empirical data obtained by experiment. For example, a sample of tolerance

rings may be tested to determine both the assembly foree (by the above method) and initial slip force
30  (by known methods), and the resulting data used to establish a relationship between the two

parameters.

In the first aspect, after the moving component has encountered the projections of the
tolerance ring, it continues to fravel so that it protrudes beyond the projections. In the continued
movement, the moving component may protrude beyond all of the projections. For example, in cases

35  where the tolerance ring has a plurality of rows of projections, the moving component may continue to
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35where the tolerance ring has a plurality of rows of projections,

t he novi ng conponent may continue to travel so that it protrudes
beyond all the rows of projections, i.e. beyond the final row of

proj ecti onWOSEW$HI8red in the direction of travel. ThePEXABI/YF42
travel of the noving conponent nmay be determ ned by the | eadi ng edge
of the mating surface of that conponent, i.e. the part of the inner
or outer dBHHEERE Prokues beyopdall thegpvsent praicqtipns, igrksyae thp Brpbrog of prejeptions

rel ati ve ressem@edin thd Bittttioh 8f tragdl €The e6dnt dt&¥vel db the MGVibElOmEAARE: inBbeng
novenent e | [, i;vel hat the

| eadi ng e%tgggfd%ﬂg&rgrag?‘i’ ?\égg“’yéﬁef%ggggga%{]ﬁ%&{%%ﬁ%gﬂ%é’g'tefh © %%{rphﬁyégr of)eyond
t he proj e@egqgponpat dhat fighcqniets the prgjections Jringlafieimgnenspt: Thabis) €A ) MY edge
i S beyoand iidige @aihuing to@asnt bfthd ifrer @iocttaChrhpotent) fesfettRnl@ so thatlite 14a8thg edg of
surface ofytha. SHafe el ' j . sur f.ac, -
corponent ) GRS EPERINER kel ia ook D el 215 e Bl porton of

t ol er ance 4 lFgngtdes i feversiisenissioghin g dirgedon of vl c thegiqting syfrenel tegiedpance
ring nay comphésss tha inpandfacy (o8dr kénpondht) treatel siuéiat (im@rteampondnt) waich conactsret al
such as spidihgast 88 arideEmeads: £k Whibhhave been brought towards one
anot her to ftorm a&% H?:;.” %Ig ends tso tcﬁe strip may be separated by a
gap, y neet qne another, or nmpy overlap.. The projections be
arrang®d in onéh&'f*’%ﬁmeém%%fwis "e%aj‘f‘ﬁlstaﬁ&f“isﬂé‘“g?tf“lﬂab SR BF1El to

f orm ci r cupdrgstesithehdsbwviieidiaveihen biohgt ®ardspns aotha fofeh aring. dhaerdeoifel ar
band. Theyy y%ﬁ&@dgﬂ%ﬁrmap%ée@ﬁe%&hea bRy o PRad. TG rPtidnOMRS W Y

15towards the centre of the r . . The oj ections. my be press-fornmed
or 1ol | - f GFFREEH M SR ™R YD L= bP e SHR o TS TP e Tl R ER Bho,
such as cotipigatvedintg an anhuky bad. Theprasy egend ekhagaiverdlyToe: theging of iovandid

regi ong Ofiodahf R ahde 6N rAE ThEHQEKIGH mbrPoePiessiBiined HBsh- 688 ONSy mdybe

enbodi mentfs V\%)t h o%@ Ci rc?mc er ential row.of projecti o%%gt hl%ft ol erance
ring may iTEPdsPEHEY SRHT AP IRt BFHE LY P B Ee o SEERBENE A% r ow of
proj ect i orfermgdvdgiers efthoifand ey berfeared tofis unfymnetl trhiersa cmbedimagts With one

enbodi Mentfredtddhti@ rdidFptdfealohs the tOfradel fifg Wil REIRRHAd 1R \WUeroBkd REGs QRS | ONS

the tolerance rin .1 ncl ude annul nforned re n between
cach row GPNSPaleat PRt R SRR aat s HePraEe. Potlieme nirs

adj acedt edigpdityof circhypforerslabrpwsnd projeftiops the tolerance fing mah clpdege angulargiforned |

net hod,  t hesidn®kiREeRRB&R rdw df rofedtiohsQEBleBided dachloliein@ i Fiwl 34 the Rt bed yaen
the i nner ar}dcgrl.lu}aer conponents such that the projections are
conpressed etweeh the mating surfaces of 25those conmponents. In
enbodi ments in which all of the projections extend outwardly the
mati ng surf ace Ioe ppssgepTalmegtnisidieceing fsdocptpfn e ajnalanspaspetgmtbeThe
mat i Ng SuriisacAd edter tdigpobeitd Bich MM AR @R@:BionSdi ofpreded betvER HHF RN 6003 S

Al ternati ' L I 1.0 Whi ' ' nd
rar . (e comb el RS il R e octhe Sy R S LS
pr oj ect i orféthapipr caiPoRegtPyitfheRipiscsens apdithemtingsprfass of s isen reRRonephEpus the he
unf or med ne@inel sgiomO BRtedntipd jneaibéddiknsd in vihivk ail Gt paftctons dxrRAd Beirdly BS a
spring an . :

ther by prsuigRe il Rl Rbt fuBiTpIplob AR AP ERIBAENE, |\
i nner or GOERORSIEHHS B BHPMGE $ion8r oduce sinilar rotation in the other
conponent as torque is transmtted by the ring. Rotational slip wll
occur 30f the r @sdilptgeationtobthejleraie tivgetn ad dyering owizees A tadiakfucegasst the

threshol d yal USmpdnbdt S35 probis RS A intIRYR B bervitbn @i, REGH0n SFRORRP S oW |
produce simlar 1) near nmovenent 1n the outer SSCoggonent (ﬁ?sy | i near
|

force is toPEIPRGH Vil@tpdyss S rqtatipnyin tne ofhgs Gemngrent a3 forqua s fprsmitted by hydine.
force is |Resgondlsdpwillloeur if the resultant torque between the components exceeds a threshold value.

Likewise, linear movemnent of either component will produce similar linear movement in the outer

35  component as linear force is transmitted by the ring as long as the resultant linear force is less than the

Imitial slip force.



initial slip force. The tolerance ring nay be constrained relative
to the inner or outer conponent so that relative axial novenent
between the tolerance ring and that conponent is prevented in at

| east one WA W1} 8ction. In some enbodi ments, step (cPCRAR2MHN7dde
continui ng novenent of the inner or outer 5conponent, respectively,
beyond the tol erance ring. That is, the novenent may be continued
until after th@hstoktng W@ﬁ@ﬁtﬁmp?déﬁhtwweéhemv@h@tef prmpensptap WFfedativg ng.
In step (alialSHovdnaf bREEERSolriiE: rtn@ bittANGRpsne § pheSenRll @f:ekabdny axial
constraln%d én t he outer conponent. In such enbodinents it is the

i nner conpofiént which is moved relative to the constrained tol erance
ring in step (b). 10Step (d) may include neasuring the force required
at both steps @%?m&ﬁﬂmﬁﬁyms*ﬁ%ﬂﬁ@&?ﬂW@dm¥%Wﬁ%mW§m?V$ﬁ%5??9rTﬁ% force
required tempiRmerctfeaivap\beyoad thonipameris. kit & thamovértent ey be omsduediintie d

t ol erance be 't he case where a
pre- assenbﬁérglg 1%$3§§%%%§$Fﬁ%ﬂ§ﬁ%d%%§eﬁm%?ﬁgbore) is to be assenbl ed
with a bore (or Shafté§ﬁ¥ rel ati ve nnveneg qu ant sp eed

Al ternativel y, % ¥8 GacRyfess f éanmbﬁgre ﬁ@y?"c??”@ 1B PlFeéa ognS

t he novi ndn momqedndndntsritgh the inneecotnpontB tvhish is owwet! redekivegoltht oharaeiielericn g
accordlngr%pmgmp&§ deterrained variable speed profile. This may be
approprlate where a pre-assenbly of tolerance ring and shaft (or
bore) is to be_as 0 b | at Ve movement
at a VAriable §E&§ﬁmﬁﬁ8$“% gﬁ%PéR Fﬁe%ﬁ%§?ﬁ% &%e ﬁﬂ ﬁf%ng e?§v§| at
a first speeds vrtaly bybree pquitsdlomeyetharyas Fcruwgneb@ﬂ@wewéh@@wmm ng the
proj ect i ORSerABehind aSRGRME sFRE eﬂm@ﬁ?& thd caé%%er@ﬂﬁr@%uﬁ:ly@@mkﬁ@ce ring and

pr oj ecti o nEagETrg?or%DE to ée asi;emgfe&) ! ﬁhuaq)e a‘ é(il’ nﬂ}){ tlv Sc{vement é’{D Ydniehe gp%?r{ip onent

IS 20pref§ ong a pre ance during
measur enentltersatizgly, the measured fppre mppehidhs rf‘é‘éf récgiredédo IEFGZ‘F fre Wﬁ?ﬂ&f@nﬂ@m" ekdreted

in It hesf O&Hac&fsuﬁlelfo&&hceaﬂga&&&ngtem aémgmas@mtalspeedmme THRtAy v ned by
anal ysi s of

X o)
“epr ssen: St e il SR o ek Aot il e
gener at i ndgorahaieirelftive mpyepent g vefiable poagdn EoreraEp é%“éﬁqy fog CQE’EPP’EFEt may Wbat
| i near WD\&@E@@Eed@eflatiw\ﬁ tﬁaltdu@anwnng biige @augterm Hhe%ioﬁmoﬁifa)nd b Scqat elearcall y
0.1 nm or 1tr£gs € coulhterecp tBe{ pé'c? Ecli:lgng anedrrgé%% p%&e? beya Q nﬂfe m%gr@)&)g g&tentl &> a

pl ug gaugé "an

aspect?0 a PrETdhlyarogid a}?ﬂ@%@%‘%m@mﬁ# ﬁléﬂm"? W@F&IH@#&’(“W@% P‘éibs of

(a) constraining a tolerance ring relative to one of an inner or
out er conponentThe héx@rddGbrer dan ey be répies@@ipribeSorngf agraphamitheaaemddnpd of

resil ' ent lﬁ§ fo L dm&ﬂ)y%a%ﬂ%ﬁke' g}a¥h qifor &grﬁ)ﬂleeﬁlra b&ﬁbﬁ o%@ér%‘ﬁtrépﬁgmnng
30radially t ere

the force data from step (c) may be interpreted by generating a best-fit line to determine the assembly

force.

25 The linear movement of the plug or ring gauge in step (c) is preferably 0.1 mm or more. In

preferred embodiments the inner component is 2 plug gauge and the outer component is a ring gauge.
In a second aspect, a method of process control includes the steps of:

{a) constraining a tolerance ring relative to one of an inner or outer compouent, the tolerance
ring comprising an annular band of resilient material having a plurality of projections projecting
30  radially therefrom; '

(b) moving the other of the inner or outer component with respect to the constrained tolerance

ring so as to compress the projections of the tolerance ring between the inner and outer components;

(c) continning movement of the inner or outer component, respectively, beyond the tolerance

ring; and



(b) nmoving the other of the inner or outer conponent with respect to
the constrained tolerance ring so as to conpress the projections of
the tolerance ring between the inner and outer conponents; (d)
measuri ng WOF9i®¥¥13¥8qui red to achi eve the conti nued novEGEHB2083/003F42
(c). In the prior nethod di scussed above, the plug gauge is
passed through a tolerance ring constrained within the ring gauge so
that the |eadi Wymedgesa forcereqtitadio adisratbd cogjinesdgryemsfit at g (P4 ng cont act
surface travels fromone side of the tolerance ring to the other, but
no hf urt heL - The aegxbrieiod @cGRed2bdE ak émg? ERFEL pasbORGEh akdditd g (0

achi eve thi e i S_nmeasur and is t . e ve
o et TR R e o8 HEAR YRR 130 dafe LAIE ik frcl SROGRE MMM 1E
however, s¥facetrpvlsdiomefe sids af thagolprange s ipibheler bitgo SPrt Faawrisw foregt it
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require achi ey is continued novement (step ichis
neasured.g%fﬁgalﬁggos%ef ed force has been found to be approxi mately
constant when the mpving conponent has travel ed beyond the tol erance
ring, i.e. durityoiehed eesrcariasperdoRTTEmie Gve sl e RY RS RS P RSP N ude
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best-fit, f isd3k@eq FOr exanple, the force data may
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relative to the 20 copstrained

second as éfrfEtﬁ‘S’?I\;ng%P’?“ny}ﬁﬁ?fenent is continued after the noving
conponent has travel ed through the tolerance ring so that the noving
conponent | eavé8erghgamopipgfoppengut bfs taygled todiedy sife e theiiqlgancy ring it cogR it t he
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novenent . The. net hod of the second aspect may include the step of:

. pr OFE.E
(e) using the torce neasured at step (d) for process control.

The inner or onter component, respectively, may travel the entire axial extent of the tolerance
30 ringin step (b), before the continued movement of step (¢). Thus, the plug gauge may travel from one

side of the tolerance ring to the other and beyond, all in one continuous movement.
The method of the second aspect may include the step of:
(e) using the force measured at step (d) for process conirol.

The optional or preferred features described above in relation to the first aspect are equally
35  applicable to the second aspect. In particular, the process control of step (¢} of the second aspect may
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have any of the features of the process control of step (e) of the
first aspect, and the force neasured at step (d) of the second aspect
may be determ ned and/or analyzed as the force neasured at ste (7d)
of the fir¥0XPI 0 n a third aspect, a method of nanu?ﬁ?fﬂ%?"f’ 7542
tol erance ringsbacludes the steps of: 5(a) manufacturing tol erance
rings according to a manufacturing process, each tol erance ring

conpri si ndwAnynf fia fearrenfihe popesycautol §f ek Y pkthe AstaseepfcAnl fg fozee B]P"lﬁ\‘f%ﬂ Tty
of proj ectsiep@poiiie@icemiiabieg mapbhi datrinihed Me/tehilensd as(iie)forsahemted Btgtep(dsempl e
manuf actur]%gj{g L%£ance ring fromthe tol erance rings manufactured in
step (a) % perform ng the process control nethod of the first or
second aspects_on the sanpl e manufactured tolerance rin

(d) if the rreaglhart@ﬁdaFQS’Ftc%m‘?ﬂ?é’aﬁﬁr?a@‘éfa%”ﬂtelﬁmﬁnﬁsﬁ‘é“d@%qﬁﬁt ﬁ@d noverrent
is outside of predetermned Iimts, nodifying the manufacturing
process. (2) manufactiting tmmw@gmyordmct ayhauiattering piogpes, etheplerafepiing (¢)
and (d) oOfcohBindBlapemh sl bireshiBf mABASIRLa 105G LorbRREH Jﬁ%ﬁﬁgqghaliy

tol erance [ iIs found to be within the predetermned limts

Mbdi f i cat i gIF t he manuf acturing process may include changing the
nom nal paraneters of the manufactured tolerance rings. For exanple,
it may incl ude (Qedswtngsishigplegpanpipréddelirmgr ring fom Snidnmncingfeaekenysd it he
manuf act ursgplag;0l erance rings, or increasing or decreasing the height
of the projections. Al so proposed, in a fourth aspect, an

appar 31%”5 for l??% ﬁérf&ag}éggﬂe 19&:%9 Eonfol GRALL o?lhe R&E 9549 tpe&ﬁ:‘ﬁ tt%QiuleeSt and

second aspects ug gauge having an outernost nating
surf ace; man“fa"“‘éfdlt‘lki’i‘"g‘ces‘ﬂ‘éﬁﬁ‘ftl ng portion including a ring gauge

having a bore with an innernost mating surface for constraining a
t ol erance ri ng(ditie nephygd faa gauilse fongriaviebedontibtdmndvemdnhiecdsdieef and a

base whi chyIUBROEL 1Bnil HalRl i IRHIRAR MY Ch has a cavity aligned
with an end of the bore and sized to receive the 25plug gauge if it

protrudes from ranged to sure
the force reqU|T?1elaet$)§mﬁ%\1}1%mfﬁte‘a%ﬁ“8’58’;3‘3 dt@egg’eﬁ"%??m%ghreén e%sFrmf N
ring g‘éugé’faSampledtOW@eawafomddi‘sbed‘{ltflﬁlé’PBreqleﬁeémftdﬁ@ltknovm assenbl y force
measur enent apparatus di scussed above in that the head of the plug
gauge can emer gedificisi sfehehatuffiubey pedeest ey ihide chaddigshe@tiaibdl anfe@ABE Ni NQ
S0assenbl y, f, %ﬂlﬁfﬁ:turedltdle?ancet d;ﬂ.gr QY &vEné)’Ieeﬂ}déJ ifethal QclTRYE of iGeaBli Rt SRMAC

once its hea emer
diameter of the manufactured tolerance rings, or increasing or decreasing the height of the projections.

Also proposed, in a fourth aspect, an apparatus for performing process control methods of the
20 first and second aspects includes:

a plug gauge having an outermost mating surface;

aring-supporting portion including a ring gauge having a bore with an innertnost mating
surface for constraining a tolerance ring, the plug gauge being receivable in the bore, and a base which
supports the ring gaunge and which has a cavity aligned with an end of the bore and sized to receive the

25  plug gauge if it protrudes from the bore; and

a force meter arranged to measure the force required to move the plug gauge through the bore

of the ring gauge.

The apparatus differs from the known assembly force measurement apparatus discussed above
in that the head of the plug gauge can emerge from the far side of the bore. This enables remaining
30  assembly force — i.e. the force required to move the plug gauge once its head has emerged from the

bore — to be measurad.



bore - to be nmeasured. The dianeter of the mating surface of the

pl ug gauge is smaller than the dianeter of the mating surface of the
bore such that between them they define an annul ar space. The wi dth
of the annWOZNUIAER in the radial direction is preferaBCy/ 814022
than the thickness in the radial direction of a tolerance ring before
it is constrained within the annul ar space. The projections of a

tol erance ri ngTHdamees el thp meting sistteof theplugeavesisymelisr banie dagRigiddeed so
that the tadig&BRACEShE B fuShsbebvetehal thayelefne mpdnnumymoe The bighwien t he
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ge
protrude foEAIsetiebHBT ’é‘s B‘S’Ps'fé"’tne‘} wiginthegunpilapgppce. Thepeol ??ﬂnﬁ‘ef gpéec"’é?e r1’i‘ﬁy be
arranged wahiiReShHubr dphve mhofhde tegtistdd tathamivenct Hep rpdistsgelgisciyal so t hat

10it prot &U%%%nt@&%&ﬂﬂehlﬁ%aﬂée%@ﬁe‘ ons of a tolerance ring.

Alternatively, or 1n a ion, the force neter may be arranged to
nmeasure the force required t e th e o)
protrudes beyontf EHE 1 bé?&ﬁ%@%%??@ ae ehH’gP Tg’? Brip 3‘%8@? }Eef“%ﬁ{ﬁie
whi ch i t s phegdzdiapotudafret bebadby adektitrlanmaxi al extent of the bore to a
position in which the head has energed fromthe bore. In this way,
t1 ?ﬁ hf orce net efnd¥Be 1Q¢§er ﬂﬂﬁ%}aﬁglﬁécﬂo ﬂﬁaﬁmefofce@meataeoae&wmlgwé DL .

e ase o e.r orti.n 0
o of erbl § OB oR n R Er Bt th el dg DB R Y P et metr
to be usedla}' eratfangk o mepspithe forpatequiiadto moyrghapingganee fo thaﬁépqeﬁr%lg&bs:@p%frtu ng
portion W@oyerQ@e ran ttﬁf £,1RRAQ6kitivh tawhich RoheGRHIGES 1M thelniite hxfic E:0E of fab Bl
bor es. %}a{#gsﬂ rttgel Qagil} Osor Erl é?ir}ronq%}é boretl%r At %%Lf&c?xg?t %a{;ﬁqdalp{gd one

pi ece. BaSE are separate
have a rem@wrwgpﬁiﬁmhibfnm?n whi ch the ring gauge is seated. Th| s
seat portion nmay serve to 20align the cavity and bore. The

ri ng- sgpporti ng‘hmggdu@dmmg o1t kil @pyvRing Sorfien kre petably Géphratg metiea| This
moverent Qlakde ham%%&%s'tpge o 8 bk hl1e QT ﬁ,gg?fr oy 4 mghe

means nay | nc menber s extending ra l'y i nward
fromthe ReRipoRRY §amﬂe@}e§»eéfw1tb Fie savpvithfiflrepgizeddpresgha ipRaRpaT &S &?&g‘?
proj ect r ady sleytivelp bafotel inDae @e. tIOthetizg@nde e yon e sdp@atematnbag ths tasé ace

of the borg, pul, Iaeﬁse@s%at{paﬁonq&wm%m%%ege 1SR GEis Ot RRINEayRb: MG, JaUge,

in order O Not restric passage of pl ug gauge i'nto the cavity.
The o8 orligdesa#EMI&PE may i ncl ude upstanding lip portions at their
radially innernost edges, the lip portions being for |locating the end
of a tol er ance The ning-supporting poffigr mayieivd means fpraesiricting-asidpporeptvfthpor t i on
may i ncl UGG el kMRS & Ihe %@&uﬁm@fse |ﬂgﬂ§n§’\1h§ymcﬂldé &He oxhﬁl{r@mem-gaeeﬂteﬁﬁjﬁhe
may support._ an, en ange ring during use.an
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t he bore. ve.a clrcu LaII te n
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pr oj ect u@x@ncdmythépwnfath!emadnwl | y i nnernost edge of the Iedge

 For example, the ring-supporting portion may include a peripheral shelf or ledge within the
bore. The ledge may support an end of the tolerance ring during use and thereby prevent axial
30  movement in the direction of travel of the plug gauge. The ledge may extend around at least part of the
circumference of the bore. Jt may extend all the way around the circumnference of the bore. The ledge
may have a circumferentially extending lip for locating the end of a tolerance ring on the ledge. The lip

may project upwardly from the radially innermost edge of the ledge.

In embodiments in which the base and ring gauge of the ring-supporting portion are not
35  integrally formed the base may include a cylindrical recess, a radially outer annular portion of the

recess base forming a seat portion in which the ring gauge is seated and a radially inner annular potion
b
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I n enbodi ments in which the base and ring gauge of the

ri ng-supporting portion are not 35integrally fornmed the base may
include a cylindrical recess, a radially outer annular portion of the
recess basWOrtMibh%a seat portion in which the ring gall§EBRIYWITAJ
and a radially inner annular potion of the recess base formng a
circunferentially extending | edge for supporting a tol erance ring.
The base nfile reoaes basel Ereing apifppifapatipiysxtendisp gﬂgeéw@ﬁmﬂwg B Taret Hhe

c ihr cunf er e3¢MayGheiidbdn ahﬁh[hﬁﬁrotdﬁi&i@te@c[ing&foluicftﬁa diretlgenaindd e irpprelambtagf f r om
t he reces se..ln thi e [ 40 i C o]

| ocat o ¢ hEe B gt el Bpteh B8 PRMLAL bl ilof AR iRt
annul ar peendes elarange sngnndiedsdgr The sesand qpoudy progiion agpefrebhadadlyyi ty of
t he base. aligned wittReedvaty srad bae. opti onal features described in relation
to the above proposals nay be applied, either singly or in

conmbi nation, t | OF
THE DRAW NGS 9”%9_% ﬁwﬂ%ﬁéﬂ%ﬁé‘%@r‘?ﬁ 4 %?%%?‘g% e Sﬁ%ﬁﬁggbeé bbbl

under st 0o@tHeEFHELY 01 18 CompiRRToB & 2F 8REH P dBHFSdvant ages 10nmade appar ent
to those skilled in the art by referencing the acconmpanyi ng draw ngs.
FIG 1 sh NhEW GPRgntional hard di sk drive pivot
nount mhi%ﬁﬁ?ﬁgﬁé eg ato e#gﬁée r?ng; FIG 2 shows a
Cross-sect.ion K . t i | ' I. Vot
rount shown 1 n e SRRl oh bl sl ldE nliBllly At LG

bet wedf t Fadegppareatieithet delrd i tsiat 8y refrenqigdhesioaray Bk IRHR&e pi vot nount
showmn in FIG 1; FIG 4 shows apparatus according to an enbodi nent of
t he present di 8K bsawed pldeivicy ofa ®iveminad hgd dskhiried piatseniibjichfigiudea (i n

i nperi al @ﬂ%%ﬂﬁm.|b)) pl otted agai nst displacement (in mm of the

pl ug gauge of FlI 4 and a correspondi ng cross-sectional view show ng
how t he 20di spl_ac nt corres ds.to.the_position._of .the |eading
cdge of the pl 6L §aGHRe FBTition Brpgiont v PR RCEt bRt el

wi t hi n t hehoriiIgduge of FIG 4; FIG 6 shows a direct
conparison of remaining assenbly force, peak assenbly force, and
initiak slip forgesdodsa dosery of tht 0dupling B&ech the GrrSBN @R pivot of the hard disk FI G.

7 shows a .graph. of initi lip force plotted agai nst remaining
assenbl y F%W 5?“§§Eﬁgﬁm§ﬁ§%§ms a graph of initial slip force plotted

agai nst peak assenbly force; and Fl Gs. 9A-9D show t he

di stribution ofGrhshelt werresarcordoatosn emtydimen afhe mssent 95U E9C and 9D)
assenbly forces, respectively, for passivated (98 and 9D) and
unpassi vat ed (9. asidw4 Draph of asse@big rae i(in gperial pounds (1b)) plotted against displacement

(in mm) of the plug gauge of FIG. 4 and a corresponding cross-sectional view showing how the
20  displacement corresponds to the position of the leading edge of the plug gauge relative to a tolerance

ring constrained within the ring gauge of FIG. 4;

FIG. 6 shows a direct comparison of remaining assembly force, peak assembly force, and

initial slip force for twenty tolerance ring samples;
FIG. 7 shows a graph of initial slip force plotted against remaining assembly force;
25 FIG. 8 shows a graph of initial slip force plotted against peak assembly force; and

FIGs. 9A-9D show the distribution of measured peak (9A and 9B) and remaining (9C and 51)
assembly forces, respectively, for passivated (9B and 9D) and unpassivated (94 and 9C) tolerance

rings.

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

30 items.



The use of the sane reference synbols in different draw ngs indicates
simlar or identical W) 2010/061270PCT/1132009/007542 DETAI LED
DESCRI PTI ON FIG 1 shows a known hard di sk drive pivot nount
30, which PO9iY%a¥%an arm 32 adapted to retai n magneti E’CF’%E%‘P%?‘W@“
di sks and pivot 34 which is rotatable on a bearing about a shaft. A
tolerance ring (not showmn in FIG 1) provides an interference fit

bet ween t RETHLERPEFRIBHENt he arm 32 such that 5the armrotates with

t he pivot. FIG 2 shows a cross-section taken along the |ine
2-2 in FIG 1.FIG Ghows adhewdhanddigk drivppivel mays 30, whishropprises ag arm 32 adapted to

ci rcunf er ffitnl nbneROMSkdIg dB8s alepw‘oElszl WHedh ikt @statde da@bearihgubiinh shiaft. tAHelerpicy Ot

34 Th t 42
ani ch i o St 5 iRl Pl A RRELAE T R LA A B AT

t hus sﬁom@emrefﬁfmﬂh@eémta sl eeved pivot; in other appl i cations the
pi vot may not 10i ncl ude a sl eeve. The tol erance ri ng fits between the
outer surface a2 ewy Okai-ablortakdheevahalpade in FQ. 1aRG. X shewsitnikyargd? f ace
of the bo, mgh%%g 98{1‘;_41% &%ﬁwﬁ%&%‘%&r&ﬂfd&%‘m@Qﬂﬁﬁcﬂ% ot 31 H're%eﬂ/ea Bpown

in nore de can seen thai _a.tol eéfg]nce ring

20 havi ngPigivéemPges otgilesleeymegiir 42 WhiFh s pauleddp p AR A APRT HPSTPRgs
40, 41 i s4genpres ﬂ:ﬁﬁhb;&tame&mplé b slkeoedpialy lieotlst gelvetinehdy@yoet 4% rand
circunfer %&Eaeaa' sleDRUSE {agm’é% Ting @&Mk%@&%dﬁa@ Qs taeommblé s%@mmt&w a

rectangul ar_ strip resilient er]a 5as spr
steel whi é‘ﬁ“‘l‘fa%“‘*‘lfé’éaﬁe pEdelbe frmddn %"n"“@ﬁléf?fe’galr‘i‘@“s?ﬁ 5&)31%6? RS “f°E ‘fv(ﬁﬁ*?ch
the free @RS 3pkhetediealiplste thaSittslérmerming 2D Bavine pavea berdizds)28 aubgantialbyraligray/

overlap o &Qﬁ% StatkHiSReev anﬁnBE‘%dz&H ok Etﬁ[ med
al ong theg’FE ngt bw“l%&%p%%?%%mg%eﬁ{ro terlan S c “h

unf or med E¥GPHHs THEPERATEC SHNBFY FRP 3 32 ét”% ﬁ%’af‘gﬁf:{ﬁﬁlﬁ?t m%'ﬁ%ﬁ%’al)
unfor med eegiigselbéicpsheet iedisy epaBing si:dpetfh wopid gbiclothe fdtends pithey. The
waves 28 IQd s%ﬁ;tmagr @géeﬁalr:ltéﬁ bg yga\ﬂ@f ngly%vgrﬁlpéﬁh ud@erS tl‘ﬁé Vv Q8 Er@ ﬁ%ss—tfchﬁyd or

contact the | nner matln sur face E(gﬁ é{qué ed i 1T b%%i’ﬁ%/ t he
unf or ned F‘%‘ngrB’ﬁ%aiﬂ‘ﬁthFI"Fé b it ShRc ert‘? ‘?’i?jmez‘ﬁl° psAaT RS {Esr i ng
surface oheigHiaring weeves anbfrimalar shiped) unformed tegionEb@wed the travsaih ddthe algpoflt h at

rotat abl e y3l@eVvhe %&P%pl—cﬁ&t &&mg bht# 58y &b thestelggoa:iat tﬁ@as@;ct@mm;tmgs

whi ch t th
AP M A e L Anedreiont oo i AR e Bl

25whet her ntamiveurazm:cétheslmsmsut@tﬁas that 20 illustrated in FI G 3 wll
provi de sufficient resistance to slip between the outer surface of
the rotatable %1152@\’3% RS iHhdroaaile Jidat thatB@ |2 SdifpfiRca i0égrd fpacebadnent
f ormed in % Ci rcgersq‘e entls 4f10u5| ng 36. The apparatus includes a
ring gaug &F auge 54, between which a tolerance ring 56
is sandwi ched to achi eve an interference fit. The I‘In? auge .52 is
mount ed on a sFEp4phsfyPReE aopidagtojas erghodimen whigh is Fifhiefp ‘%‘“’é‘ﬁ‘gpe.
The pl2at f ehémd blchas ridgsSadias A 26 ill@fatedin WKE. ERillPhvids suffitiestmasistaee torsBT eSS

|0 the UPRGLAULLAGS. AL, drhie ogaga@fefs@gvgh% b fiddr L1 bF lBoAAYIBE 122

is seated eun r|n
gauge 52 %GFWH@@% quﬁt’ne%nﬁﬁw awfaéls Grludeparingsatge @%"cﬁ@%"}}’%ga‘éﬁe 5&‘?
a cylindr Wﬂhafé&k&h&e)ﬁn@% it SandwivBedab AhkaraAinkSeratet fith Thaing edizd 1 iahdugted f r ee

passage of, H éasp?'ﬁ%'@;esg%}ﬂﬁg ﬁé\‘,}%é@faﬂﬁ{&*a?msﬁh Pﬂh@k R ”Bsﬁﬁsas];ﬁ‘ﬁorﬁén%fvmﬁn 58

f at her |nc runs a er| é" d
seat port ivR a@@lﬂg&@%@t@@ﬁﬁ@ suafsEsbthe ﬂ@foe’ém%wle‘% th&ﬂ%g eed“é SeUp
supports asat g be@pponf thadbiidigdetooheranage 51 wthabbe ibtemal bat sfittetringnganged is

moverment  f., tNe oL SEARESE 60 1RG1lE S WHEh ERedtD Aol 5BGhaHRM 3 B0SFug
gauge 54 through the platform 58. The platform 58 further includes a ledge 64 which runs around the
periphery of the seat portion 60 and extends above the cavity 62. The ledge 64 supports an end face of

=t

35  the tolerance ring 56 to restrict axial movement of the tolerance ring 56 relative to the ring gauge 52
during use. In this embodiment, the ledge 64 is an extension of, i.e. coplanar with, the seat portion 60,
and also includes a circumferential lip 66 which serves to locate the folerance ring 56 and further

constrain the telerance ring 36 to prevent relative axial movement during the assembly process.
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during use. In this enbodinent, the | edge 64 is an extension of, i.e.
coplanar with, the seat portion 60, and also includes a

Ci rcum‘erentlal 66 which serves to |locate the tolerance rin

and furt he¥o (?8%‘}6?%% the tolerance ring 36 to prevent PETé%O\’/’é‘%é’%FaI
noverment dur i ng the assenbly process. WD 2010/061270PCT/ M2009/ 007542
In use, a preassenbly of the tolerance ring 56 _constrained thin the
i nternal bor e Ippsesapesaysemily of e fpleranee ring 5§ copsfiappd WR bﬁn@ﬁ‘gé’gﬁﬁwrﬁ

| ocat ed OfudeBEis BIrddd AhidPréafenivy it foded binte plhtfogn Sfosu et tTe2ing sugreidissertadi t hi n
the seat \Eﬁéﬂ e eat%%noyaﬁthgfa eﬁﬁé%ﬁ%% résggnﬁﬁeleﬁg%%léis%mdﬁ "@4 as

shown in g’ n npved rti %I“‘i% (t

i ndi cat eceshgs Sfisthen @?Veéberttch‘ tlasiindigatpdin iy sp hptds ipe (agenf soffiee

51 eadi ng MQQ edpd daa0f thé fiey galgdy rgdig gelac) iavkl hgentitgrntisesdnt ofittmyadrance ring
entire axials ExleMonlo bl Bl LAIRESdd A BAnfRthe PRBLAES 1t LOMTHRC
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ring 70. thaandedks ciofsh gaddddnadt i dghaadshdieh in BiSr Hoeil its hekdeS42. Fpurarided

forces ex %8;}1 he Qfeﬁgﬁ\éﬂgfb &lﬁ?eeﬂ?ﬁﬂca@éﬁ a7l gncp}b re SIS mSHLE RkbaS &ﬁ&i@actach e

| eadi
aapect VB e BSRRE G R I e EEdRscte SboEar B BT e Y

initial sbmﬁctfomr@@eduedly es on the maxi num peak assenbly force, i.e.
the force indicated at the pinnacle of the peak indicated at 71 in

t hibst 8X ?WD: |e brhe J}tﬁsﬁm%?ﬁ‘o@msfc&saadbowéjaideﬁehﬁnﬁ@mmpwormaﬁeon&wmbﬂmne
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head of the plug gauge protrudes beyond the third and final row of projections 70¢, and that the
remaining assembly force could therefore be measured at any displacement position from the end of the
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final row of projections onwards, including any displacenent position
fromthe end of the tolerance ring onwards. It can also be seen from
FIG 5 that the maximum peak indicated at 71 is in the region of 50%
hi gher t halW&W&428i ni ng assenbly force. FIG 6 shows QC%W%?"%‘H
of peak assenbly force (indicated at 76) and renmi ni ng assenbly
5force (indicated at, 78) with neasured initial slip, force (indicated
at 80), f d#al PRORPpIcFioTsoRERdseinsliding avy diplpoerent psigon froum e cad LitbsuplEangt
there is ain§ @wardd Moo be &b SBdnelIGOTThAD e nedmund eeindidaed)atas 5 ard ryeidnef ce
and initi g epmiﬁﬁ&gmﬁh?gﬁsskﬁﬂi?ﬁmhs bet ween peak assenbly force and
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rings before th R‘é ust . 8 05w Hletedle®bks ﬁhl&uﬁé}ﬁwaﬁat%ﬁﬁﬁhetaﬂﬁnm&%&%a R
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FI Gs. remal ni_ng gt orce, |s]3 af fected by
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t he aver agessiveddfe efsore teehrehaniimpriagseads kap bf alived sppmexiosibiesiie ap oS ane
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met hod t o "S&HiST asegipy forgsyls ?Hfsé‘}“’é‘ﬁ%‘g mﬁ?ﬁ%ﬁ@o P%"rﬁ*?% aﬁtﬂF PEPRIE

manuf acturing processes, the inventors have found remaining assenbly
forces to be WEIGs. 3 anéPTnshoti hal3Opainingasseniily faeselis ogplctedbitbajsiypitop to the

speci fdsc ats?n‘i?:'%xtlaﬂt B e assembl forde IN@ ohll: fs He averBPVaGe g)ﬁemﬁiﬂﬁg aRably and nmedi tal’l
aver age val ues I, ass ere ar
bet ween t & Lf %eﬁam‘feb%ym@%@ﬁ? I°C art(:%? I%ns% PiyeLot, ulf'lpl fkﬁeee %trsnane ngnl%

force dat aloiwasaﬂqd)t evenly distributed about a standard nor mal
distribution as one would wish. This distribution resulted in a
relatively | ownvapbiiag {haﬁmdanleo;(uenﬁwﬁm sdngplefsets sradkecd ringefiom twh Hitfbrent

provi des g, gg%%%es)sesﬁq U] bl B RLARES S0, BELLOLTRAWRARRE 0"

t he given
30  predetermined upper and lower speczﬁcatxon limits.

In a first sample set the mean and median average values for assembly force were centered
around the mid-point between the upper and lower specification limits, but the assembly force data was
not evenly distributed about a standard normal distribution as one would wish. This distribution
resulted in a relatively low value for Ppk (Process Performance Index, which provides a measure of

35  how well the process has performed based on the given data sample), 1.78, but a high value for Cpk
(Process Capability Index, which provides a measure of how well the process is performing, and will
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(Process Capability Index, which provides a neasure of how well the
process is performng, and will WD 2010/061270PCT/ 1132009/ 007542
continue to perform relative to its targets), 2.44, indicated that
thi s non- sWFAYYIHPst ri buti on woul d not be replicated PRTARBAMW7S42
sanpl ed data and thus that the process was well controll ed. In
a second sanple set the remaining assenbly force data_ _was

di st ri but @okinadio perfornheelatisstn ratprdetiredi-anficatedpa fsgon-fipdard ﬁﬁ%@t“é’\}’@fﬂga‘gs

ver e skevwgdeiiwa b Behple@ Wt and peeaf th€@bde® Rvad wellichntrolRi s 5 resulted in
relatively l'ow values for Cpk, 1.42, and Ppk, 1.11, but the fact that

these val ues af%l a %qulsin%ﬁe s!etr&lemﬂﬁng Hsge%'xbl e.ctﬂ{a%s Jﬂ%ﬁstrﬁ)ﬂ@ BEPGESENn| S
in control, bu £ ust nent needed t o %; e, ave;qgg

per f or rmRntd magianrevarees. P‘é hese peagesarere gued pvprds Gie itV PRE ¥Bper and
| ower s peghifiddaieiatnlyllévwvatusy for COUHAT, ath’pﬁ.lAlINEth 8t that@hesd \ﬁh@]aremnw@t hod
of P 00055, £0RLL Ol ARBYLIELALL Bk Ok 8RS e RIS EOTRIG o Barod s

of : Ing a tolerance ring relati ﬁ one .of . an i nner
and an our%ﬁm@%ﬁﬁﬁ%@ﬁ?@ﬂﬂﬁém?Eﬁ@ﬁgﬁﬁgﬁpﬁﬁﬁmf %% gwﬁalgﬁmé & ar band
of resilient material having a plurality of projections projecting
radially therefrom (b) nmoving the other of the inner or outer
conponent axially with respect to the constrained tol erance ring so
as to conpress the projections of the tolerance ring between the

i nner and outer conponents; (c) continuing novenent of the inner or
out er conponent, respectively, beyond the projections; (d)
nmeasuring a force required to achieve the continued novenent at step
(c); and (e) determning a renmining assenbly force fromthe force
data neasured at step (d) and using a predeterm ned correlation

bet ween the remaining assenbly force and an initial slip force to
determ ne whet her the assenbly force corresponds to the initial slip
force within predetermned limts for process control of

manuf acturing tolerance rings. [Claim?2] A nethod according to claim
1, further conprising: (d') repeating steps (a) to (d) for each of a
plurality of sanple tolerance rings, wherein step (e) includes using
the remai ning assenbly force fromthe force data nmeasured at step (d)
for each of the sanple tolerance rings for process control of

manuf acturing tolerance rings. [Caim 3]
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A met hod according to claim?2, wherein step (e) includes performng
statistical analysis on the remaining assenbly force fromthe forces
nmeasured at step (d) for each of the sanple tolerance rings. [Claim
4] A nethod according to claim3, wherein step (e) includes
conpiling a process control chart including the remaining assenbly
force fromthe forces neasured at step (d) for each of the sanple

t ol erance r| n s ! G aim5] A nethod according to claim1l, wherein

t he forceVH at step (d) is a force required to achieve
the conti nued aanent of step (c) at a constant speed. [Claim6] A
met hod accox gheeh df procdsatomrdl of whrafeiingblepnct Bhgsichigprisiig stegef:er m ni ng an
remai ni ng aasemrhiying o roleantd igrédlhiee weasefr2e thnératidc® od@t @mpodniyde ng thi s
assenbl y fraemere fiog coppdsiess agoue bat of fe@ieai matefial hadingre pitvaiity atjrgediong t o
claim 1, whgectigradifity thansi®m; or out er conponent noved at step (b)

i ncl udes a (anoving tiesttfepefahetiingt oropiat @epreertndalll wipgespet @ttiecenstrainddhe

t ol er ance tplpmarge dug sorag torchmpresitheerriastions gfibe talercsitng bategsn (he Jnngriad etes
cont i nui ngomeRMaHENt of the inner or outer conponent, respectively, so
that the | <8kFerinuiagFavesreniof the iRReroR gRtd GPFRIERL ﬁsmcvweéeyaw%d t he

proj ect i orP§°J‘f°H°’tshe d recti on of travel of he inner or ou

conmponent . eﬁf"‘i’ﬁ“@ °Eeﬁ"§t' d° ey % ? ‘BF"t@J‘fSte t{ﬂ g

tol erance ri} grmiy ee 5 3;%:1 mt %H?fst‘:;]fl ﬁis g ‘? S‘fE ance
::: 28 Lglrrgf_;}éjm evl%nrgc %é:r_ﬁebl rr;[:s § othe l{m errlcéé ]mt]H P/g ,bcn éme
pIuraIityI(‘).'ﬁS 5 |ons] prOjectlr‘Fg racflaﬁé!ytherefrom (b) noving

t he ot her Oimh &alcéb%?ﬁg 961, Bl GRBRANRERL axially with respect to the
constrai nggh k@a@r’(g@ﬁﬁ@(aﬂbﬂ:@f&@acﬁ%ﬁ PurfIRPH iste bRGnR AL GhdrgRs of the

t ol erance step (1 inbIRE8REH: hERmMIBNEG ss@kMlly FORE 85m G FRQWRRA I asured &iGlep (d) for
conti nui ng:admvﬂjﬂ'&dﬂ{pldlf)leﬁaﬁtenhglzrf&l’prcﬁéss OdHkrEYof HANTRRAGHY tolefafPRES | Vel Y,
beyond t he tol@mnaee ring; and (d) neasuring a force requi red for
cont i nui ng Ametkstesadording th dlpinn) wherein stye(enitdhales @ffodntigg stakinies] analysizwh ee
conponent remdizing aysemblylforrefsqpedt forws ntreurgbm sty (@] foewclt ditesamgetcleang so
as to conpmess the projections of the tolerance ring between the

i nner and out el€kwAbonent s; g conti nui ng novenent of the inner or
out er corrpo%@ﬁ‘fmd aﬁ@sqé%‘?ﬂ?@ wheseiy giprie} indudsy peting eprgeess coptyo) chart
measuri ng BFEE e g &MY fresrarhiiciopres asiernd abtiep Edorsrsidieg a
remai ni ng 5%@%$ C'L £te fromthe force data measured for process
control of t ol erance r|n S

tol erance r ac‘fﬁg pie-igig ﬂﬁ@ L b 8§§ acxﬁaé:f%s §8£‘gﬁg%§§¥ff’%"gq‘?’6‘fce
required to ac e con nue Fenent out5| de of

bl
pr edeterm nﬁﬁke cmcéo dmé IQLIQIHT?_, %l})erem step (e) includes determining an remaining assembly
force from the measured force data and using this assermnbly force for process control.
[Claim 7]

A method zccording to claim 1, wherein the inner or outer component moved at step (b)
includes a mating surface that contacts and slips relative to the tolerance ring during that
movement, and wherein step (¢} includes continuing movement of the inner or outer component,
respectively, so that the leading edge of the maling surface protrudes beyond the projections in
the direction of travel of the inner or outer component.

[Claim 8]

A method of process control of manufacturing tolerance rings including the steps of:

(a) constraining a tolerance ring relative to one of an inner or outer component, the tolerance
ring comprising an annular band of resilient material having a plorality of projections projecting
radially therefrom;

14 .



Process control apparatus including: a plug gauge having an out er nost
mating surface; a ring-supporting nenber including a ring gauge
having a bore with an innernost mating surface for constraining a
tolerance ring, the plug gauge traveling the entire axial extent of
the tolerance ring and being receivable in the bore, and a base which
supports the ring gauge and which has a cavity aligned with an end of
the bore and sized to receive the plug gauge if it protrudes fromthe
bore; and a force neter arranged to neasure the force required to

move the pl yom0aHak: ik SR IndePS: RRF &ridbnehtiRialiy Mith SBEY Ry ind Shdkifael O]
Process COpffafte ﬁag&%@éeaﬁlgﬁgwp%&aoﬁs f Be BlelhchrinhB&kEen the inkr o Gutﬁl ug
gauge is r@meinéfe in the bore, the outernpst mating surface of the

pl ug gauge @fdntdifhgidR@ieATsT the SuAbl 2 6@erRbmpdient QL& (S, b&iBndife BRAR:AN
space for d@cib Vd) Agastiich :ForaPieQiSd fog cantivdlg@iRfat.r i ng. [C aim 11]
Process congyadviRpaitift oihateosrdurbeomporzhakily With respb® todhd tohdiGined

r'i ng- suppasdlkeiatg rin@see o onppssitiegtojatitrls oftkd raedeaitp bétwien theimsidnil odtérng
axi al novewmpénems$; t he tol erance ring relative to the bore. [Caim12]
Pr ocess conkrohtinajpp aoatmest o 6¢ dmeki on guitrgompanenrdspsctivdine bgyomi thdre bl ocki ng
el ement canpedigss one or nore nenbers projecting radially inwardly

from t he i nifareawsng nigrce mguited td epaknup movementyng determining a remaining assembly
force from the force data measured for process control of manufacturing tolerance rings: and

(g) modifying the tolerance ring manufacturing process in the case the measured foree required

to achieve the continued movement is outside of predetermined limits.
[Claim 9]

Process contro] apparatus including: a plug gauge having an outermost mating surface; a ring-
supporting member including a ring gauge having a bore with an innermost mating surface for
constraining a tolerance ring, the plug gauge traveling the entire axial extent of the tolerance ring
and being receivable o the bore, and a base which supports the ring gange and which has a
cavity aligned with an end of the bore and sized to receive the plug gauge if it protrudes from the
bore; and a force meter arranged to measure the force required to move the plug gauge through
the bore of the ring gauge.

[Claim 10]

Process coatrol apparatus according to claim 9, wherein, if the plug gange is received in the
bore, the outermost mating surface of the plug gauge and the innermost surface of the bore
define an annular space for receiving and compressing a tolerance ring.

[Claim 11}

Process control apparatus according to claim 10, wherein the ring-supporting member
comprises a blocking element for restricting axial movement of the tolerance ring relative to the
bore.

[Claim 12}

Process control apparatus according to claim 11, wherein the blocking element comprises one

or more members projecting radially inwardly from the innermost mating surface of the bore.
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