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VEASUREMENT DEVI CE FOR A SUPPORT LAND FOR A VALVE DI SC
FI ELD OF THE | NVENTI ON [ 0001] The present invention

woebwties4general |y to shock absorbers and a nmelReUUSE®EN28685

device for a support land for a valve disc. Mre
particularly, the present invention relates to a

nmeasur enent device for a support | and for a val ve disc

whi ch uses_the port |and as a reference surf
AL MR BEVIEE 0B A R ORT-LANELr OBu BLVE DISC
| and. BACKGROUND OF THE | NVENTI ON [ 0002] Shock

absorbers are used in conjunction with autonotive
suspensi on systens &ELDtOETHEHICENTIONsyst ens t o

b d b whi ch occur dyr n enpen
el ol eorgf%%?{ IaETioh esidise generalib ke Sofiek gbsorbers and
! : .
4 e AemBND H8libe 16y 2 IpBOR '%ﬁ%fi”ﬁﬁﬁ'g@“%ody@ S Ficularly, the
prespnuinyetons palatssdn/a hessugdmensdedce fort disuppoit ddred for a valve
.000 h t f ,shock sorbers f.o
888 ohish Se%8 otner BB SualET, Bha R A SR8 Butfie and which

meaguﬂééhﬁeciﬁémgrbf%e suftiauppuhlgafesi gn. In the
nono-tube design, a piston is located within a

pressure tube and is connected to the spring mass of

the vehicle thr re tube is
connected to the %ﬁ@ﬁg%gfﬁﬁ@@@gﬁ@q The

pi st oodRyi deShocke apsemRis cateu@edni® EshjuwRdRIN WATHKI Ailfomotive
chanber and a | ower wor ki ng chamber. The pi ston

FUSPIENARS YRRTBS SADM OHISH RYSRANYPN | sYRtemst e Abswbofunwanted
\ﬁ@ﬂ?loﬂg vihith %ct:[xﬁﬁhﬁﬂ@ r'J1e OueH‘PBﬂhrégsﬁb\%h %ﬁr’hér?lg fh order to

mpressi on stroke an vin

alfm)rblth\asefurﬂmwgnbmmbdsf autnmhla/wsheck \mrsb'rhms are generally
chanber to the | ower vvorz chanmber during a rebound
NSt Sebrean fhk SPrung: fe@(g/tmdé RAMNEREINSh (SHAPENRIpN/chassis)

@ngégw?f feRuHdeval ving have the ability to linmit the

ow of danping fluid, the shock absorber is able to
pr odu®e08] darﬁhenlg\ofsbcommdm typec otisheckaabsotees for automobiles is

%hgq%gp fyrp\g] \hﬁgg%l I?%g Efgr: %VI ﬁﬁgrp\cggét}  de ”és*.é“n tc}r%ddtfjerll be design.
In the mono-tube design, a piston is located within a pressure tube and is
connected to the spring mass of the vehicle through a piston rod. The pressure
tube is connected to the unsprung mass of the vehicle. The piston divides the
pressure tube into an upper working chamber and a lower working chamber.
The piston includes compression valving which limits the flow of damping fluid
from the lower working chamber during a compression stroke and rebound
valving which limits the flow of damping fluid from the upper working chamber to
the lower working chamber during a rebound or extension stroke. Because the
compression valving and the rebound valving have the ability to limit the flow of
damping fluid, the shock absorber is able to produce a damping force which

counteracts the vibrations which would otherwise be transmitted from the

unsprung mass to the sprung mass.

[0004] In a dual-tube shock absorber, a fluid reservoir is defined

between the pressure tube and a reservoir tube which is positioned around the
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[0004] In a dual -tube shock absorber, a fluid

reservoir is defined between the pressure tube and a
woesmreai4s t ube which is positioned around thepCeEaSN06/028685

tube. A base valve assenbly is |ocated between the

| ower wor ki ng chanber and the fluid reservoir to

control the flow of danpening fluid. The conpression

val ving of the piston is noved to the base val ve ]

preseursl bandAi base priseassgmalycisnipeatesi batwaast ke, dgwer working

R g e il (BRI SoBRBRHES HoW ot attdbhjnb i, The
anaeebbivn Vdieingostpthessiston igaheied tofthé heisbagtvey alseembly and is

assenbl gyproduces t he danping force during a .
reBlaseds Vo QrBREESSigNT cheskr ¥Blygn@ssamhlhg o taglition to the

RbRRs BRI, ELHBERARG, AR filiiheilbod  FMRG Seck vaive
agseatbly.alTre asspmdsiars vaking bf tHaibdsé lvalve asserably produces the
irection, but prohibit fluid flow in an opposite .
PRIBg; BHice KhirisGeR CoBIESSIQN gueRemand enfaheund walying of the
. ; . .
ioRiroaaoes e dnfiipcilel it o ol B Rxilirl Biroke. Both
the axdnpvessioar and rekoyrznt chetk valyepasseamnbliass patyhiy fluid flbw in one
ase valve assenbl,y. icall conmpr.. ses _opne or__nmore
GelaitcinlE SToRitn i 1Py T 2, GRPBRIS Getipas aigr. they are
R et st !H?éi%@ho’é@@ﬁeﬁa@& g@hrﬂng esgener. Wen

the inner portion of the valve disc iS clanped or

ur ged0883] nsilhenwalving Ifandhet Beogutalisopler ivdrichf detesmines the

dubfial 536e' FnetB3rTSIMEDr AR RIS AsPPiimd Fote, pese vane

ddsembne sypically eompese®wne dymaeanalvef disbe watibh ey/aee clamped or
interaction with the bending of the valve disc or the

QIBGWSQHUS@G%ﬁQ@mSt Pdl‘)_{kﬁ]?nﬂrmbﬁ‘@!@ﬁ type ©b st iedainehe Vheswthe inner
SRS T ATV AODTRL & Bl Sod BF SR58H oo ACHU AL Iand, the outer

ol ‘and neasure our [fan

partiore f itied aalver distiismiasdd agaisst aneteniindod¥he axssentbly of the

of a tool which has a reference surface which | ocates

\éHva Hiscs AaAINSiaRg 'anes £edings flopheesidelinn GPRIQUES Py dneans of the
. . r

PR I A TAR BEARITR Bl B leg, TF P R Y R tmck

r ef er[6006] f atre orderttb ecomirat thecfiean redtriclioragantosits ttlie necessary to

A el AP QeS80 OHer Bl Lot At | on bRl L% nal or prior

drf agﬂfférﬁ@niaﬁ\‘é%odéq@o@ﬂéfmﬁ Plool Wi h&s al @fstehde surface which
masked. Since the

locates on the outer land and a dial type gauge with a flat probe which then
measures the hub land. The measured values obtained by this prior art tool by
locating the reference face of the measurement tool against the outer land
provides an overall indication about the hub land in relation to the outer land but
detailed information about the shape of the outer land is masked. Since the
shape of the outer land is relevant to the control of the flow restriction contours,

measurement of the outer land shape is needed.
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shape of the outer land is relevant to the control of

the flow restriction contours, neasurement of the
wouberi2kand shape i s needed. SUVWARY OF THE | NVESTIUSR05/028685

[0007] The present invention provides the art with a

measur enent tool which nmeasures the contour of the

outer land in relation to the inner hub | and. Since

Urged- agai nst & heSUMBARY, % ERETERESTShen bi aced
agal ;[ébo? e ?Hé%j&&%ﬁg\ﬁérﬁ%r%ﬁ% thBVEN it m]é%t‘é'u?&ﬁent tool

sur enent t as a rererence r1ace I ch
vidllalsesniemgﬂeaﬂlne tcoataurnafrthe udutea keshd ‘ﬁhmlatramtoomeamnemrrwb land.
her i

GBI, Eald e FEBCHE Ve FoShfube fie Cnbd 5God against he

im@gchuld ey sl aFé)tlﬁé{'Pleséé%aiﬁ%@ 11§é bltey lafd niﬁ@%ggﬁmwentlon
of the outer land is preferably taken every around

preddes agnapsuremant tpgowsth hasteheaferaneadacs WhICh is biased agalnst

R X AR TR TR L ———

ahepiedrival pesbe herosBadb Grivies @rrd@msﬁér@ﬂde idnatke Wgerdahal l1Btrder to
descri ption and specific exanples, while indicating

atvratsi SRIapEng @HOWE%mermnttqﬁéhe Autarlarshis pristerably taken every
illustration only and are not
r%r 'ﬂ‘?g‘%‘%‘f e?é)ﬁcﬁez scope of the invention. BRIEF
DESCFB)GO'&]O\I ElrtAGE dpBAYY Mﬁdp(l]@élﬁ]ltyTbe Pieegrasent mventlon will
i nvention W | under stood from

bgepRIq %P%T@QE%’P%&"PS@%%&C{ %SG&@ igfpARNifeg h@r%mﬁﬁg% " shoud be
Y’@%Fs%&d tIEQtIOﬂﬂQ] qddia %e%akﬁ‘tc@ §ﬁ(§‘%pﬁ fig é)&%arﬁégn\tzvﬂtlé tbicating

aut ono I ncofporates
thoan ep@lfrmdxd aerslbodmen’reaé uthed |mbenaod,e\aree intended ofotlapaoses  of

1liskeion Bt kAt o B KBELodBRbHSEoaD Gdbs faeren.
with the present invention; [0012] Figure 3 is an

enl arged cross-sectional vi ew of the piston assenbly
i n accor danceBRIEMDERCRIREEMN OMTdEtDBAW INIES 3]

o 9ifode* B Wb ARSI AALEORNA e B ubdistoon from
thédeile@Wescription and the accompanying drawings, wherein:

[0010] Figure 1 is a schematic representation of a typical automobile
which incorporates at least one shock absorber measured by a device in
accordance with the present invention;

[0011] Figure 2 is a side sectional view of the shock absorber in
accordance with the present invention;

[0012] Figure 3 is an enlarged cross-sectional view of the piston
assembly in accordance with the present invention;

[0013] Figure 4 is an enlarged cross-sectional view of the base valve
assembly in accordance with the present invention;

[0014] Figure 5 is an end perspective view of the gauge head in
accordance with the present invention;

[0015] Figure 6 is a side cross-sectional view of the measurement tool

incorporating the gauge head illustrated in Figure 5;



10

15

20

25

30

[0014] Figure 5 is an end perspective view of the

gauge head in accordance with the present invention;
wpQOkAR4Hsgure 6 is a side cross-sectional vi eRCOfUSRID6/028685

measur enent tool incorporating the gauge head

illustrated in Figure 5;[0016] Figure 7 is an enl arged

parti aI si de cross-sectional view of the nmeasur enent

t ool | ustrated in and [0Q17] Figure 8 is
t ypi JQW eEsuFiouwigimis @'Fgﬁ %ﬁ@@ tS' ® Grogsrsectional View of the

tion. DETAI LED
B R Rl AT YErs [ 0018] The
f ol | a0hE] defiguret Bois af typioal pestikr usidg ethieo dneesurésent tool in
I S rely ex | ar n nature and is in no way
qup@dr@& "f"ﬁ‘ ﬁ%ﬁpl{es%ﬁbqvm i on, its application, or
uses. [0019] Referring now to the drawi ngs in which
i ke reference nuneral s designate like or

cor r RETOAE, DRSS RWON GROIHE RREEGREED ENBQDIMENTS
suspanbTan i Bechiohas Sisbaliol dic e oiemsloplitRdifentcs) is

riéiedh cRENPIdIPEN rilGReah@ s M hb WAE infeaged wnmlt tolnvietion, its
accordance with the present invention and which is

appicafinDt, @ Ugeeral |y by the reference numeral 10.

suspl0819h LERIERG Rl ihe oS Rnbieh B¢ [88enge pumerais
desiymnerikel yr exresgondingepartexthmugpoanthy dawefralshiews) there is

adapted _to operatively support a pair of rear wheels
Si‘QWé‘f inyBigurg d ayehigie whieh inglydes;asuifpepsios system incorporating

f
(9 SHB KB BITRGLA AR 98 PPl TS padfngi ool
az2ordaincel with yhe bresmtsnmmmmoalarm Whidhnis| desbgnatted generally by the
el Qrod) KippUPlice dl incidas aniodh SupBopsionr 12, a front
sglgﬁéﬁé@né}gfi %ﬂ%gdﬁorngltﬁbaHEEr ﬁ?s?ﬁa?@ldﬁ s hQQ%rl?ér‘lé(fé{é/ely extending

ohnect e y neans of a second pair
retio ekleabsserbblys(rid shoavrt) yadapied rto odpdrativelwnl suppidrt a pair of rear

ETy i O e o
R 16y RiEHpRNSS Qnﬁalﬂ%f %ﬂ@cl@”absb?&%cé(b \éﬁﬂdy Y @élP' of Mlical coil

sprung mass (i.e. ody 16) of vehicle .
spEnpe | 22. 1oS|m;larlugémnt suspension 14 mcludes a transversely extending

front axle assembly (not shown) to operatively support a pair of front wheels 24
of vehicle 10. The front axle assembly is operatively connected to body 16 by
means of a second pair of shock absorbers 26 and by a pair of helical coil
springs 28. Shock absorbers 20 and 26 serve to dampen the relative motion of
the unsprung mass (i.e., front and rear suspensions 12 and 14, respectively) and
the sprung mass (i.e., body 16) of vehicle 10. While vehicle 10 has been
depicted as a passenger car having front and rear axle assemblies, shock
absorbers 20 and 26 may be used with other types of vehicles or in other types
of applications such as vehicles incorporating independent front and/or
independent rear suspension systems. Further, the term “shock absorber’ as
used herein is meant to refer to dampers in general and thus will include

MacPherson struts.
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depi cted as a passenger car having front and rear axle
assenbl i es, shock absorbers 20 and 26 may be used with
wothwri2eoppes of vehicles or in other types of PCT/US2005/028685

applications such as vehicles incorporating

i ndependent front and/or independent rear suspension

systens. Further, the term "shock absorber" as used

herein is meant to refer taq.danpers in general and. .

thus IPRP] | 1 HaleringnRpHe i dTIOWR g SHosts2epsePRERd g shown in
Lgur R ' | reqt gr;

et ool Bihe COEFY 2 FRELARLS Sl SnSIC EDshi 2, s to be

W@lerstood shaioshmekuatrbarse 026! atsoanclates khabalvelmssedlies stescribed

i ncl h | nbl d i b | \
sl A gD ek OBk basorBSh A, S clifdrst frgm shook
RFlerPRS M BRY mAhnah in b\ﬂ‘liél’ﬁﬂﬂ@radgﬁtééhioc@e idonh&cedaR! e sprung

to be connected to the sprung and unsprung nmasses of
anshuesprung. masersk ohwehiclset 0.2 Bhoskmhisossera2( icosiarises a pressure

iR & PRI, A H R st i B2 6 FBabRiprafioe o ang a base
valesssgambias. 30 defines a working chanmber 42. Piston
assenbl is slidably di sposed within pressure tube

3
30 arlQO1T | dBsesaire, Wpec Bévisefinas @ nwerking ughamber 42.  Piston

A &SRR BV ARSASFESP o b orin
ahaestsar42 intdan IPped wegkingtchainilstrag amy anewer aorking tchamber 46.

assenbly 32 with respect to pressure tube 30 w thout
hyseat 418?/ ifgdighased fagtweppnRistonoresambly 3@ 1and; pressure fgbe 30 to

. _ ; :
ARSI A QRITRA iitn dRSambfy S0 il rekBeof B ERGSure tube 30
veititbud xgematating rundile dipgtonaivdoicesgas hﬂelbﬁafs 4éakmgl updperf working
h h er end cap, 50 which oses the, upper en .
st Bio8sT workioR sagnagitin e 554 HA's AH@PRaQ o piston
r ; n
REEMLY ORI 2808 Btoadh BRP LYo CHAMLER ANUTLAGh upper
eskeahbP izich clestspthedupperbend ot prassute tublee 38prAisgaling system

S B oSl ol ST Bl e a8 Bson o
30T FheGrihafBRtort fodBd bsite Ve ik &é@mﬁg 36 idHa5HRd to be
nmovenent of piston assenbly 32 within pressure tube

seouraBk nthaespiusgopontion daemialerids Yalving witbingpistgypassembly 32
c‘%&%ﬁsn%ec%%%en%of fluid between upper working chamber 44 and lower
working chamber 46 during movement of piston assembly 32 within pressure
tube 30. Because piston rod 34 extends only through upper working chamber 44
and not lower working chamber 46, movement of piston assembly 32 with
respect to pressure tube 30 causes a difference in the amount of fluid displaced
in upper working chamber 44 and the amount of fluid displaced in lower working
chamber 46. The difference in the amount of fluid displaced is known as the “rod
volume” and it flows through base valve assembly 38.

[0022] Reservoir tube 36 surrounds pressure tube 30 to define a fluid
reservoir chamber 52 located between tubes 30 and 36. The bottom end of
reservoir tube 36 is closed by an end cap 54 which is adapted to be connected
to the unsprung portion of vehicle 10. The upper end of reservoir tube 36 is
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and not | ower working chanber 46, novenent of piston
assenbly 32 with respect to pressure tube 30 causes a
wdizbdearence i n the anmount of fluid displaced i RCULS2I05/028685
wor ki ng chanber 44 and the amount of fluid displaced
in | ower working chanber 46. The difference in the
anount of fluid displaced is known as the "rod vol une"
and it flows through base val ve assenbly 38. [0022]
aftecled G0 ruppels ersbcar B0s uB@se prades @ssembbe 380 tdispriqdh between

iy Wakifgr SRRl el 4E0ATR Sosetol RSk 262 VEEBNA LR il of fuid
btbﬁN@éh ehdmbaips 46 au 59ic iWhﬁﬁaelmc@itoahsdgbetCBOMMmgs in]?Iength, an
€. unsprun ortion of vehicle T ;
aglgiionabyolumine! Hed s BPeeR @alqvwruw@rnggﬂgfrﬁﬁér 46 duggdhe *rod
’ | : . :
WSFYE, BSTEEL | P, TSRS CROAE R 182 10 e
wdrkiwgadhanhbe rdd® diroagh basenizdves agserably 32 as\Wedailechbelow. When

SRR St S STt PO S 25 S B elomoved
froh? fowet \HHFFﬁ'i;nagﬁgﬁ‘&rﬁB%r 484 tofthe i“fbaMblLinde” @WnEESIN Thus, fluid will
C er 52 to lo 6

reservoir wer wor ki ng chanber 4
flotw foorpHowas svorking ehasymrid6 to3@sarvaifethwrmnieer H2 tyaughvhase valve

shock absor ber. .20, c resses in length, an excess of
aFP%'iT@'Vngé@S t?'ﬁ%’o@%g‘?’from | ower wor ki ng chanber 46
due Y@024F " RefbriAl Wt t@OF%JI?é-&TbiBﬁ)n faksémbly B Eblgm!rises a

from’l ower wor ki ng”chanber to reservoir chamber 5
vaheobodly I68s @ gampeessicie ebegk 3alves ageemblyed2 adod, rebound valve

002 fepri tQ Fi ' :
BRI Ea: copateS Ty hesk Y Rsr BB R2dR At ed against o
sABERIERIGE &2 psich fod 8o Wlvey Bbuy 688 aisekinbied against compression
nggﬁres& on check val ve assenbly 62 is assenbl ed

hgak valveaazsasbl&i2 8ad sebeing walve apsembly/grve assafbbesl against
BT AT Slo FEEMERSLApSRSTE ey s

val vgoopdly 6Valve body 66 dafineses pluralily afccgmopressiont passages 70
AR BB Vob! SBRBNBIAIRIRE S 96 45 GFEIGSR FuPIAFaIRy of rbs 74
it FRRURRSHRRD 3P an Bl ol Rl Al uement o
piston\agsembly 82permi t slidi ng novenent of piston

asseTBMS]BZ' Compression check valve assembly 62 comprises a retainer 78,
a valve disc 80 and a spring 82. Retainer 78 abuts shoulder 66 on one end and
valve body 60 on the other end. Valve disc 80 abuts valve body 60 and closes
compression passages 70 while leaving rebound passages 72 open. Spring 82 is
disposed between retainer 78 and valve disc 80 to bias valve disc 80 against
valve body 60. During a compression stroke, fluid in lower working chamber 46 is
pressurized causing fluid pressure to react against valve disc 80. When the fluid
pressure against valve disc 80 overcomes the biasing load of spring 82, valve disc
80 separates from valve body 60 to open compression passages 70 and allow
fluid flow from lower working chamber to upper working chamber 44. Typically
spring 82 only exerts a light load on valve disc 80, and it does not contribute to the

damping characteristics for shock absorber 20. The damping characteristics for
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[ 0025] Conpression check val ve assenbly 62 conprises a

retainer 78, a valve disc 80 and a spring 82. Retainer
w@aowhatme shoul der 66 on one end and val ve bodpCBM@S205/028685

the other end. Valve disc 80 abuts val ve body 60 and

cl oses conpressi on passages 70 while | eaving rebound

passages 72 open. Spring 82 is disposed between

retainer 78 and val ve disc 80 to bias valve disc

shegkrasarber €0bddinEG @ COMPIIRgIan SHRP <Si @Qntm"eak@y base valve

I 6
%ég%@ﬂ) W, %?I \8%‘@5 ér’&?@urﬁgd%tgé‘qu rﬂ{ﬂv of ﬁLHfS][chft/g l‘fé\}é/érgg/orkl%_chamber
Afh e rédervoit E:hdgﬂfe%ﬁﬂld&e agahfs‘tod/abl\ameﬂlwnclaﬁt ag detalled below.
overcomes the biasing |load of sprin al ve disc
g areloyndsield, @@%mw%p%f ?ioc%rﬁpq lgsad by valve disc 80.

0 f

g‘ﬁz fﬂgreé?g uﬁ)&g)ro@\?g I\fel- Hé%rﬁé}lg‘@4 é&ﬂ#h%‘%g A W"aﬁfef‘lﬂ valve discs
&P and| gy retamer 86 Rlegeimet 8ads drspmbddaeiweenS@,lvmd&cstm and nut
RoTeNE 0GR 56 ol e T S SRILARLE] Bl 5. v booy
éo)fosaesb réeém@%saébé&lm hild léévmg%%p?as%h%%sag@s 70 open.

control by base val ve assenbl
Betammt&fhtsealsph@d‘imgiw re¢eivedion plstsm rcmlNBA amst Kiatyts valve discs

&0 ShEbe ESabBs SRt s v fisi . and YRivgidiies 84 against
iV kedy GO”DTI%QILQQIW@%W@@S BA &ophifeda bYeatplise 88 a valve
di sc 80. [0026] Rebound val ve assenbl léhe64 conpri ses

gise Pal &t3)08§ﬁf doR2 and esfugruandisa 9det ﬁdrdl% a8 mcludes at least

& Yl Wik SR o] RR T ol B P By BAGHRY rebound

vahee 3dsampbhabyt Falcrembdidy @@ptw@é@%efmmwm bending point for
passages 72 whil e | eaving conpressi on passages 70

ipech e85 vaive gsci 90 and spaperiig 9. r Whan id grepswe és applied
tboﬁsg’s Séngréd tgcf"k?Hé Wi ﬁ‘le\ffstghﬁf %Ieﬁ%ct Q’Mhe‘sﬁu@r heggl edge of

ar ner agai ns valve I Sts and va I SCS
seensisc\ad and haldsune discvetopdperaiaidoundfvahad sssetnblys44

i bl d di 88, I 90, ]
Siogf:’ r észi‘d Qetf?mgc'af’s%bav@ftgbéﬁ‘e R R 008t aprRlrg cossaber 44 is
;%He cﬂuu?g)r Lﬁ@t f% 8inst %f\)%d i%@?@lt Mhen the

I ssin oun ve asse y .

fheuidl cpresmdesnea@ﬂnqpragaumﬁwaa/e‘ dlscsm ovetanue s thep biending load for

lee i's e, di.sc 9 acer disc 92.

Rl ot B oA Gl Bty St SN sehdiGrs passages 72
él%@\)fnd\"fﬂhld £ $lons %Ebér ARt Ehéltnb*ehQ4QHtI8\WePWdrl@HQVC‘%mber 46,
edge 0of spacer dis and ulcrumdisc 94 to open

Thsh alregital afevalysediscy &4.and the size of rebound passages 72 will
determine the damping characteristics for shock absorber 20 in rebound. Prior
to the deflection of valve discs 84, a controlled amount of fluid flows from upper
working chamber 44 to lower working chamber 46 through slot 96 to provide low
speed tunability.

[0028] Referring still to Figure 3, rebound valve assembly 64 is
designed to provide for the flow of fluid through rebound passages 72 from upper
working chamber 44 to lower working chamber 46. Valve body 60 defines a first
or outer land 104 and a second or inner hub land 106. Valve discs 84 are

clamped between retainer 86 and inner hub land 106 of valve body 60 by nut 68.
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[0027] During a rebound stroke, fluid in upper working

chanber 44 is pressurized causing fluid pressure to
woeemt12agai nst val ve di scs 84. Wien the fl uid pPCEAS206/028685

reacti ng agai nst val ve discs 84 overcones the bending

| oad for valve discs 84, valve discs 84 elastically

defl ect openi ng rebound passages 72 al |l ow ng f|UId

flow from upper worki ng chanber 44 to | ower wor
U’Fﬁaﬁ@@ip'% of ‘Vﬁb’es(ilﬁ‘é?né RGNS AMReY W%@@dSWQaﬁ@Otm@SGS the outer

ri&n %E‘ véﬁlg%‘&% get;sor% 16§t A 588 fo ot Auid flow

aracteristics er 2 N repoun
tﬁrough flaidt ﬂebodﬁdlrmssagesm \tlad relationsitp Hetwaen outer land 104 in

Gibiond her b Bnst 106 St o AEEHSRION BORER IS et below,
th@ pf?fe@é(r‘ntqﬁvérﬂ%rﬁgﬁﬁﬁﬂ%suﬁﬁ‘ll?ééél{rémehp%ﬁ]thﬁe%%e{ddﬁ% of accurately

I gure ound val ve assenbl
rdeaslgn"@tmorelartmshrp cbfowutehlanﬂl o4 mfrefatlondourhmenrglb land 106.

| owertORBE: eI D HRENS o' Bats Ve e reRi 38 mprises a
\faMeSbo@Y 129t 8 intakd ok YAk éhé&@@é]de AEsbMBRS 1590y L:amé)resslon
di scs 84 are cl anped between retai ner

\atie aas@mbtyub%aademngqu}bn% apeldy retining m TN@Ive body

R Redufientie 10 B P ad B LHBssiting 27 by other

ragiodstkrowrefell ntheldd. Hritl QP84 id o8 rt@Ireéé}eofrIwbéi 36 and it
flow through fluid rebound passages 72, the

dedingsi @ dwfitynet fleishpassages 439 vﬂmhuallomepamratmnl@atlon between

rg§§' F%Aﬂ?&%é%ﬁ\d@é e QS gcééére%tﬁ%%Bco Ef A 8@/ 1% defines a

resen I nvent1on provi

predity efreéntake oo réﬂitalnd fluthpabsagey 132car plurhlity of compression
nmeasur i n_lgst%he relationship of outer |and 104 in

RasSape? anthér canikal Bake 168. Retaigngrbek 3G gxirnds through

ehyya! 4fc198 A Rfatinikly BASASE det iR PIRY 1268 Sediftetioth intake
vk])al\lze assmnhly?@?sa@cmpmmseaifgg )assérlzth)aL Zagtcmllglge gaody 120.

t t
o corbASeR " Drsofhe Rabh alashcent 4 B Miptgra e cisc 140
édd&'vawéprt}w&@ewﬁ% B%@%we wﬁhmar dérhsegwp;ch@&mes an

Cap red to reservolr erl nes
mte;nmalrtawetw%forfallwdn@e&lgshgew tmaeamhloompxessmn passages 134 as

TR SR S D300h s PR 2 4RBe s of vave
bzfdyl nbaks, QaiveeHimygl 1douivhidtass ftated PtwaeR | Va8 idist 140 and
reta|§|ggp nru(is1$2|80nValve disc 140 closes the plurality of rebound fluid passages
132. During a rebound stroke of shock absorber 20, fluid pressure decreases in
lower working chamber 46 until the fluid pressure within reservoir chamber 52
and rebound fluid passages 132 is capable of overcoming the biasing force of
valve spring 142. When the biasing force exerted by valve spring 142 is
exceeded by fluid pressure acting against valve disc 140, valve disc 140 is
moved away from valve body 120 to allow fluid flow from reservoir chamber 52
to lower working chamber 46.

[0031] Compression valve assembly 124 comprises one or more

mid/high speed valve discs 150, one or more ported restriction discs 152 and



10

15

20

25

30

passages 134, and a central bore 138. Retaining bolt

126 extends through central bore 138 and threadingly
wengwgesds et ai ni ng nut 128 to secure both i nt aReTAARONS/028685

assenbly 122 and conpression valve assenbly 124 to

val ve body 120. [0030] Rebound check val ve assenbly

122 conprises a valve disc 140 and a val ve spring 142.

Val ve disc 140 js an annul ar .nenmber which defines a

I
Qné: &F Harre yedables ofifice Dleedvdisess afd Disas 180r éé@hafqd 154 are
. . . | _
OGRS ilelen B3 366810 Hifcerft AR talle bkl P20 Wil Hfdiiah speed
vabhay dis?0 169 abilitiegsyalvedodd? 120] plories restddtizoh biesowe8d abutting

R R TN
rBYiichion adis€ b d SisEokBOT 150106l 255 %l@ﬁgglﬁo%fdgﬁlﬁi@fﬂ by being

pressure decreases in |ower working cha
sandwichgdibgivesiua setaineti1s6rwhichs suppored by retiring bolt 126 and

R I EaTrS of VS Bo3kiTa0 JikRRahS! Tapd SeRA valve body
1@'(;15}} f@afmgﬁutem_t ed by valve spring 142 is exceeded
by f1 ui ngressure acting agai nst valve disc 140, valve

di sc [0982] s Fuvieg agampression sirekeblidig aressuie iacrenges in lower

R PR TR B, e Beb Uy AP worcn
chamiidrses cansingra prsssuné (mbaiihce ieedesnllvwet WwerRing ¥hamber 46

one or mpre ported restriction discs 152 andone or _
anst reseanithameei $2.c dhisi regswiesppalance willeayisedhid flgw to begin

oL RSEl S SHREE I0TRSH PO S AERIte assormoy
1@dut Eluithpressure fist puil@Oup protdvest werking charmberd46 aintib8uch a time

abut ti m d/ hi gh eed val ve disc 150 and variable
1% thedlily Peass . Iover warking GRABRR £l aFissagaipst wsilve discs 150,

1%5%%%151%4 e{?ioSS\?er%éﬁ]ngiﬁ% 1584 n’e%ésé’érg tB%fglgicw?IgEi(%i%&HSO, 152

ng sandw che etween a retal ner
awippa4 teed dow diuid Aowgbdtnleenladeamdrking tlamabers 46 fackreservoir

PamfEriy Uk BiF 1O SPREHG Intion ik s s ughg fluid flow
rERIMILRS prébupd 'cBkBnudd W Bulid %ﬁiﬁr lgwe?%&ﬁff@sc dMb&MB6 until the

wor ki ng' chanber 46 causing a id pressu ecrease
pressyrg eactingr &gaigsictienalve 4liscsaliSON 52 andedSdiravercomes the load

rciacg;[}l‘?elcfl ts %eﬁ&t:tvﬁggs H%fe | 55‘%?1@ 15 Fu%%?%rndd'aqu additional fluid flow
from lower working chamber 46 to reservoir chamber 52,

[0033] Referring still to Figure 4, compression valve assembly 124 is
designed to provide for the flow of fluid through compressor passages 134 from
lower working chamber 46 to reservoir chamber 52. Valve body 120 defines a
first or outer land 174 and a second or inner hub land 176. Discs 150, 152 and
154 are clamped between retainer 156 located on retaining bolt 126 and inner
hub land 176 of valve body 120. The clamping of valve discs 150, 152 and 154
against inner hub land 176 also biases the outer portion of valve discs 150, 152
and 154 against outer land 174. In order to control the fluid flow through fluid
compression passages 134, the relationship between outer land 174 in relation
to inner hub land 176 needs to be accurately controlled. As detailed below, the
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and reservoir chanber 52. This pressure inbal ance wl|

cause fluid flow to begin through the | ow speed oil
wobhaw/1cémeui t defined by conpression val ve asseabiug2005/028685

124. Fluid pressure first builds up in | ower working

chanber 46 until such a tinme that the fluid pressure

in | ower working chanber 46 acts agai nst val ve di scs

150, 152 and 154 and overcones the Ioad necessary t
RIeseRic NVeRtior RipYides 1z oneasyregient 9al Haf is p@p@tflpuq)fdaccurately

%%Q%rpﬁ t@%er'ég’% [1 V\@fr&lt&glaﬁaaﬂﬂ% réf?:\tlﬁﬂqo |ﬁn°‘&r H’Lﬂi fand 176.

e | ow speed oi OW CI rcul
sat ur[a0s4] byHelﬁerrmgwme\flmngme,s f8-1j obprrmunag tool 200 is
ont| p.in | ower worKi

fiiadd T dsuding bolBid coRpEeatd trule HE0 assiblyse02 and a

b;?r%% dmiot# opyer cones the |oad required to deflect
I scs 150, 152 and 154 further and all ow additi onal

f1 ui J0085]v f Gemgechead aesémbly 20200mprigés taclocatirg head 206 and
to F| re 4

£ REkog diedrhAde: oo, bk 2Dg inSo GhBH B Sane, rspmbly 204

efrféf .ttcrefrmfebw&fatifnbustddtivrcplaah @Wu%%bemawVé%dy 60 or
from | ower working chanber 46 to reservoir chanb :

vadve, Bogy dh201 Bopasifipned avef ilecatingr stydt 210 |a@ddagamsbmahng face

S5 oo BBE 2120 deBlthebFockSf Bpan e Boly Soit beive boay
f3u s i6@oanubimensocAry faeat2 27 Gyedr I enchroy ot o Bty 60 or

cl anp glof val ve di scs 150, 152 and 154 agai nst i nner
n

IRy hudh o7 6pk\alve Rody 2Rk @caﬁagtfa% o2 val ve

O SI0B38L o B e 2B o e 210 ana

measurigs deniceass atigls gdtde 22 r\Aﬂhaeltbnsbr@dIrEtimemion is being

'Iﬁ)Ut er | and 17‘:@] in Lel ation togiépqqer hub_l and. 176 .needs

ilystioded HeingaRN8ficabRIGhS £ Ean oL Gl iswvithin the scope of
I t:

tha ESERVERETIC BRe Y bR edSARY FEERanIAP kbR ip the an

mcludmgl artchat Tinited toeelattronict tasenrm‘rmfrakreblarﬁlphérﬁ:al probe 218 is

beeel oF rieve et Bshpfhl sl ok Ziianiblai6 head 206
%H%ahﬁﬁeﬁﬁﬁrﬁ?'%fskségﬁgf‘e&% pyae %aﬁ§§§'§9hé’hr%9ﬂzed movement of

[ 0035] Gauge head _ conprises a locating
c_Ii@Ia@BlmE%adoaindeatmthmgrmamm lod caevergenicaiisptodical probe

473 P 53beti TRl 60, £0B o 1 el WASYA U518 gt Spnerical
18b€1218 is positioned such that when valve body 60 or valve body 120 is
located against locating face 212, spherical probe 218 engages outer land 104 of
valve body 60 or outer land 174 of valve body 120. Thus, the position of outer
land 104 or 174 is measured in relation to inner hub land 106 or 176,
respectively, by gauge head assembly 202.

[0037] Base assembly 204 comprises a mounting base 230, a
preloading device 234 and a rotating device 236. Mounting base 230 positions
gauge head assembly 202 at one end of mounting base 230 and it positions both
preloading device 234 and rotating device 236 at the opposite end of mounting
base 230.
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val ve body 120 is positioned over |ocating stud 210

and agai nst locating face 212. Locating face 212 is
wdesiegneds such t hat when val ve body 60 or val veCcbms05/028685

120 is |l ocated against |ocating face 212, inner hub

| and 106 of valve body 60 or inner hub land 176 of

val ve body 120 abuts l|ocating face 212. [0036]

Measigbgg}w %g%)f%gémsr leége?é%ge elrﬁleg%| r%tbr}%e%%r% aangressure
é&s ond dn'élV§B§d ﬁruﬁ% QEig 'Hél&é?ﬁ#] @h@qs ‘r'ﬁéd}ﬁ éﬁg%ra'séae{ssembly

probe 218 and di a e SCO
26¥4. t Reegsues piaca M2 extandst throsgh aoysmgm;to r@aeasrure\gnece 242 is
i,ncl udi

BB SRR il PS5 o A 0 i £ by ot
mdand knBRMNIrethd aft. NPESRIE MiekB 345 Iedldde adhééd PUBhich is

220 and | ocating head 206 such that novenent
designadci0 engege valys kedys 69 Qyn/@lluaarhmozlyd1%\ﬁénarpoamon on the

PRBEHE05E 2 Brch'o5Bhet Y, Bl THRS $ho. A oo 250

Ixtarady irgo head 206 aSores25@!id de@rgmdl 1 IR locating stud 210 to
Spherical probe 218 is positioned such that when val ve

ew%nowon head 248ayith tespest iogaugs heg@aﬁgembb'c%m .ng

f I b 8

of v 19301, 0 EBRISRE soRCgaf 13aBRE8ET oAb, sy beat 252

defined byneresmirei piscef24itaend hangingomcmr A7éent§rln% piece 254 is
asured inrelatjon to inner hub |l and 106 or 17

&6t hetwiepn Bipsinausying ad4 At hepyng (46 tp@gepmmeagate slight

n@@%ieﬂ@,l] nounti ng base 230, a

pr el oadi ng% ﬁ%@bg‘gﬁéaﬁd a rotating device 236.

Moun00d0]bas¥akebaquys60 iconahgabgdy Heads anséivney cﬂﬁa rabasuring
osi ti ons bot

e 8 vnirslaePeie BRSsue dts 242l coawsssiag aging spring
22RPOZAHIUE PRI 6Y oML IR gbﬁﬁﬁsztﬁgn[&%ﬁﬁ:]near&}eqqgéé%eg stud 210

devi ce 234 Conprises a housin a pressure pie
apdpressure me@es%g, |$m1eat@d281lmh tHat iney hadand 108Nt &G is biased

d
DB SRy 270an e spDRtre RBbE 1 & S ngARRTBaNt with outer
ldrid ai04oBr W74h FReRSEk becbomz ngh Hashig Sphingr LAg l%éﬁ'ntaln the

or by other means known in the art. Pressure pl ece

Pogitiond yalvereedy 6Qer valverbady 1Rsdyriregithedr rengel@ent/ al ve
bOdy[&&ﬂr Vﬁb%é‘%‘mBO&*é(wééozﬁ cBrf? p?f%eg' or?m%ngear 260 and a worm

gear 262. While rotating device 236 is being illustrated as ring gear 260 and
worm gear 262, it is within the scope of the present invention to utilize any
method known in the art to rotate pressure piece 242 with respect to housing
240.

[0042] Ring gear 260 is secured to the end of pressure piece 242 by
an axial spline or by other means known in the art such that ring gear 260 is
locked to pressure piece 242 for rotation but pressure piece 242 is axially
movable within ring gear 260. Ring gear 260 is mounted for rotation with respect
to housing 240 by a pair of bearings 264. Worm gear 262 is also mounted for
rotation within housing 240 at a position where worm gear 262 is in engagement
with ring gear 260. Thus, rotation of worm gear 262 causes rotation of ring gear

11
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opposite side of and whi ch opposes inner hub | and 106

or 176. A bore 250 extends into head 248. Bore 250 is
wdesicgnedet o recei ve |locating stud 2 10 to properiug2005/028685

position head 248 with respect to gauge head assenbly

202. [0039] Biasing spring 244 is disposed between a

spring seat 252 defined by pressure piece 242 and

hou3| ng 240. A centerjng piece 254 is di sposed between
m%] %wsqwoza;tiprhﬁﬁpw&awrqq@legﬁe?%wa@ém itation of valve

@odﬁgg SPYSITE N SaiyP 1@'@%%368&'{&9 é%}%%séﬁb!f/.ezgz. The

0 or valve I'S p03|t measurin
rotadion2@0 \alvé i bedy 6&t oacvalvey tmdyssluaOe V\pihem&pbtﬂ oy gauge head

SR S0P PaTis e TerRement at MeielatEpasiier ot gliefdand 104
|Hrr%15a‘?tid>rnetd”|rﬁ%$ R 1arsd ggge&sﬁ% sa1afivd hdsitiomef o'ﬂM—?r land 174 in

and 106 or 176 1s bia agai nst |ocating face 2
ralediongh énneratulplandel 7518\/er§he enérgeigeureierende bf ‘dnet Iends

oaa WiPARE] o e BEEe e iece R o0 o 0 ¥ rcion
t8aderl Blb dam RY6tdiefof NSRRI tor {;%Aﬂ; o%nénatdnﬂgmﬁm f&lation to

236 conprises a ring gear 26 Wor m gear
ippen @Jb 1 fyisdewpesitiap@lve b@éVr@@ o1 valve patyd 25)sntq m@asurlng

BRE2080 < FIE, BoaRbRERTe i ioe® A, ISR ieflo 242 by

ddnqor@esm Obra@t EpnG ST e \PiIes eocti2 601 bh vaRePBeH tnzo is then
housi ng r?042 ﬁ@ gear 260@3 secured to t

Rasifiase p@‘é%fs'@?@t”'pg §t9é1 210 apg FHﬁSWﬁaWe%IZ%ISdHQ%Sed such that
|Hﬁ$\eﬁugqgﬁﬁ W 178 d8iRe Hzig&Pslt Ib%%tnhp”r%cggf{z 288 spherical

I's1ocC O pressure piece or rotation

pobs 2186s [n engagdidentwitkicaténianovaldl @ W4, hPregsurg pgear242 and
i r 260 i.s untedfor r?tatlon wth

260. Rin

HiRSpe PTG R <TAGEIA NS PesTHRR (Of ofalvs RO 20 S avalvgy gy 120
f t

B R oL B P S R Bl SR 2 il Gpically be

zeroéd or sgt getire 26aragehuedve farttheihmighdfofvanrter tral 1@62r 174. The

R8I PE dimgodonaullinft ec aneddisinn Sl g 22 Yae body
ey v@lQe Qioa%ai 2ALWAPEEN 15 rothidd \g@ﬁ@g%@%{ag &%s'Wl?rP' respect to

assemnb The rotati on of r val ve
genige fl@&:d aBseMblyspe2 byt thegatajionhefasorm gear 262 which rotates ring

gear 260 which rotates pressure piece 242 which rotates valve body 60 or valve
body 120. Another measurement will then be taken using dial gauge 220. This
process of rotating preferably five degrees and taking a measurement will
continue through the entire three hundred and sixty degrees of outer land 104 or
174 until the entire circumference of the outer hub land has been measured.
Thus, for a five degree interval between readings, seventy-two readings or
measurements will be made for each outer land 104 or 174. While the process
is described above using a five degree interval for measurements, it is within the
scope of the present invention to use a different interval or to continuously take
measurements throughout the circumference if desired.

[0044] Figure 8 illustrates a typical graph representing the seventy-two
measurements made for the gauging or measurement of a single outer land 104

12
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assenbly 202 permts the neasurenent of the relative
position of outer land 104 in relation to inner hub
woOamd/ 12886 0r the rel ative position of outer | ardTARZ005/M028685
relation to inner hub land 176 over the entire
circunference of the |ands. [0043] The process for
measuring or gauging outer land 104 in relation to

i nner, hub |l and 106 or faor neasuring or gau%| ng outer
Qrafdsingle pHtarelandi drd+ o Asnilistraiasl I"hrﬁngir% ) P glata processing

tB&%lﬁU@é‘ aﬁal%@.t%g%n%m%ew‘m We Qﬂdifheﬂ%g e 270 of outer land

measuring to is I's acconpl
102t oractiendprnt t34 can @ plotted4i2 r@lﬁtlonmcp)ltmmwe; frossssiag limit 272

FRLIE yneer piesEinsalicted I BeoSusd Hrde diida ghecasventy-two

o?a4£ pofnts eéﬁ%%epagemalubfwa fJMAE H&@gl (ﬂﬂﬂréh%@s%et\?vegniiﬁner hub

bi ased agai nst [ocating face 2 erical probe
larm 106 om1&ngaderear land h04)@|relr74l aespemzaeltyrca]ﬂbe calculated and

ure ce 242 sin rin 44 mai nt |n t
AOERT: Of Bletish va Yol o6 PlalRleE o ot iEproiBe outer
|ms oaeszerm ag@iﬁesme ifhet AUB 1294 Ab6 di“137|6 gesw&t%ﬂl can also be
Wi | | é% pical |y be zeroed or set at the average val've

ifusitrade@ Adsog ﬁtvadwe tarttee ripplei280 flaypess)of onitey Ipadd 04 or 174 can
e di mension wll then be taken using dial
bre”&ét?%%g Val ve body 60 or valve body 120 will then

be r c[oanse]d PThE Prédent ifivertionqdbeiees \u ﬂhbaé@ﬁtﬁ@@? ghdging tool 200
head assen‘ole\)(y 202 by the rotation of worm gear

am'zpwqes,ﬁ foroacgusat ﬁ@@yﬂﬂgmemn@m Vhoatldéd Iprr@@mneto inner
t
RERAEBRLD) e ol Sectabe B Ao nd HIE B nese

fgatuges 2R2(he Vhaive gssentdiesphceurhtd cogtrglrafftasahliy flolweand thus the
Eegrees and takj ng_ a neasurenent. will continue through

'Batchﬁ@thsé'gsrm ﬁ&P@lﬂ apperoer gO\candap Brinigfnesit er
! andljéﬁﬁ%]ol a% /bh Ed LBBVE %brrﬁeﬁém’émgrﬁ s?Qf‘e‘?? ﬁgea R&n be any

out e een measure
ofl étoe garious meaahremtmbwstemadmmgm instheeart and%blsneadurltgade non-

N I T T A

teeMRqeEsT B¢ a'dHFti%hVﬂI\e frStatiBR A SIBSERent ttaklﬁ%;’éﬂffgtge e'%;retventy-two

t he scope of the present invention to use a
measurenients can benautooaied yas ik evete knowanimtlze art. Fmally, the

BSOS 11 DB TSRS bo AR SR e any
appy&itiate tnMinber of measurements or continuous measurement around the
circumference of the outer land can be used.

[0047] The description of the invention is merely exemplary in nature
and, thus, variations that do not depart from the gist of the invention are intended
to be within the scope of the invention. Such variations are not to be regarded

as a departure from the spirit and scope of the invention.
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nmeasur enents made for the gaugi ng or nmeasurenent of a
single outer Iand 104or a single outer land 174. As
woRkbossieabed in Figure 8, by data processing technniseness28685

and systens known well in the art, the true shape 270
of outer land 104 or outer |land 174 can be plotted in
relation to the |lower processing limt 272 and the
upper processing limt 274 fo Mge outer land. Using
the seventy-two data point ,LéJ ver age val ue 276 for
the hghghis dhid& gnces between inner hub | and 106 or
176 and outer land 104 or 174, respectively can be
cal cul ated and plotted. In addition, a value for the

o) o LS R S 08 R LR e

ISP REHd mﬁpbséarvaalaiﬂg S@wiard Urdrhathedinner 98nd 2t hasuring tool
for the ripple 280 (flatness) of outer |and 104 or 174

comprising:| | ustrated. [0045] The present invention

provi des [ 0 I ng..t ool 200 .and. praocess
for accur Z% @3ﬁﬁéa@%dl %595%3‘5}%& f'QH}? .aL(25 C%tlngltﬂfei T engagement
wittl #iel innef landpner hub [and 106 or 176. By accurately

measuring and thus controlling these features of the
val ve assehiproke mawahly aneusiest wih erspesk io Ithedoeaiing face for

eg@gg%ﬁ{-é@tm_tﬂ?lmﬁée\a?ﬁ{gar acteristics of shock absorber

€ mai ntain 0046] As di scussed above, the

measur enerd nsecEuveingudedce assbeiatety with thee prelsé dos indicating the
measur enent systens known in the art and this is to

reladye esHigRQl e PHEPT haRd Witb reapestde ihe Hines lapd.wel | as

conti nuous neasurenent techniques. In addition, the

rotati on and subsequent taking of the seventy-two

meas & enentre owashenguooinaccatdimg fosClainl 1 knbverein rthehaeasuring

dgrt. Fi néllﬂjoé/ the present invention is not limted to
S P ¢ urements, as any appropriate nunber of
measurenents or continuous neasurenent around the
circunference of the outer |and can be used. [0047]

The @escrilitei omeasiuringetdohvameodrdingi to Giaiad yl, dxethpt @oynprising a
in . nature and, thus, variatioqns that do no epart .
PiflgRfing. S7EE ahBbin YaLulel 35S AhB8t (R8st e Fae body into
enghfemenb dithaRe fo@fting!Tacé BY Y lo@AtingPHERJVari ations are

not to be regarded as a departure fromthe spirit and

scope of the invention. CLAIMS What is clainmed is:
4. The measuring tool according to Claim 3, wherein the preloading

device comprises a pressure piece and a biasing spring.

5. The measuring tool according to Claim 4, wherein the pressure
piece includes a head adapted for engagement with the valve body.

6. The measuring tool according to Claim 3, further comprising a
rotating device adapted to rotate the valve body with respect to the measuring

device.

7. The measuring tool according to Claim 6, wherein the ‘preloading
device comprises a pressure piece and a biasing spring.
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1. A neasuring tool for a valve body having an inner

| and and an outer |and disposed radially outward from
woheosia#as | and, the neasuring tool conprisi ngPC&US2005/028685

| ocati ng head assenbly defining a |ocating face for
engagenent with the inner |and; a probe novably

mounted with respect to the locating face for

engagenment with the other |and; a neasuring device
associated with the probe for indicating the relative

posi t.on Ofhd hReastiily h6d1daedrtinge @ eChirh07t WRetdiNShe rotating

and. 2. The neasuring tool according to Cdaim1l,

GeiolateR dherpressura@iatsvi ce is a dial gauge. 3. The

measuring tool according to Caim1, further

conprising a prel oadi ng device adapted to urge the

i nnerd.| and'hef nideswiavioobedgoiditg teNCRGAMENWHEEIR theepressure

l.ocati face of the | ocating head. 4. The measuring

i gl & Read gdeptadirsengigeraent wilk the valyadosl.

devi ce conprises a pressure piece and a biasing

spring. 5. The nmeasuring tool according to Caim4,

wher di0n tﬁ'élepwmmh ! ielgpltcmteabdodmdiiugem ﬁ)ldiiaﬂ@,adh@te@mi tﬁléfrotating

n nt Wi e val ve body. 6. The neasuring too
d%g@:%?rgfa%s#be EF% 'm 3, further conprising a rotating

devi ce adapted to rotate the valve body with respect

to the measuring device. 7. The neasuring tool

accorldi ng The Measwieg teebrascarding tpr Elaimdiindurther cemprising a

i a ure pi.ece and a,bi,asing spring.8 The )
rSRIRG RS s SR OERGr ohaG s S el eppactdo She Measuring
devicat i ng device rotates the pressure piece. 9. The

measuri ng tool according to Claim?7, wherein the
pressure piece includes a head adapted for engagenent

L e KU mebn ) TS bEBH oA 8R i ena anc
aheader hub land disposed radially outward from the inner land of a valve body,
the method comprising:

positioning the inner land of the body against a locating surface:
measuring the position of the outer land in relation to the locating
surface.

13.  The method of measuring according to Claim 12 further comprising
biasing the inner land into engagement with the locating surface.

14. The method of measuring according to Claim 13 further comprising
rotating the valve body with respect to the locating surface.

15.  The method of measuring according to Claim 14 further comprising
taking a plurality of measurements during the rotation of the valve body.

16.  The method of measuring according to Claim 12 further comprising
positioning a probe in contact with the outer land.
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11. The nmeasuring tool according to Caim1l, further
conprising a rotating device adapted to rotate the
woabosa2bady with respect to the neasuring devi eeT/US2005/028685

nmet hod of measuring the relationship between an inner

| and and an outer hub | and di sposed radially outward
fromthe inner |and of a val ve body, the nethod
conprising: positioning the inner |and of the body

agai nst a |locating surface; measuring the position of

t he er [ S o
13, e ot Tofelfod 8 FeaBlihg sbBfichf Y CRts idfer comprising
rbtatingehe wvaiverbadyngitivrespecy td tree ocating Balialcé.nt 0

engagenent with the |ocating surface. 14. The nethod

of neasuring according to Gaim 13 further conprising

r ot atigng t

ur forn. 100 HRANGLDM Ay BESORRY: LOCKIR 1Rt bomprising
takingra meretlmy ohmeasurgmnéntis ey ringkkhe gotatiphf dihe vglvefbody.
measurenents during the rotation of the valve body.

16. The nethod of neasuring according to Claim12

furtheg, corry mektisd epﬁietaseﬂh@acaon@myﬁ) Chigomnt ﬂﬁ'ﬁhé’ff"ddﬂ'lpnsmg
the outer |and 17. The nethod of neasuring according
positoningre probe it eyriaglomith the agter dand.i ng t he val ve body

Wth respect to the |ocating surface. 18. The net hod

of measuring according to Claim17 further conprising
taking a plurality of nmeasurenments during the rotation

of the valve body. 19. The nethod of neasuring

according to Caim17 further conprising positioning a
probe in contact with the outer |and.
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