MEASUREMENT. DEVI CE FOR A SUPPORT LAND FOR A VALVE

DI SC FIELD OF THE | NVENTI ON [ 0001] The present \
invention relates generally to shock absorbers and 5
a measurenent device for a support land for a valve
disc. More--particularly, the present invention
relates to a neasurenent device for a support |and
for a valve disc, which uses: the hub support |and
as a reference surface and which neasures the
profile of the outer support |and. 10 BACK- GROUND OF
THE | NVENTI ON [ 0002] Shock absorbers are used in
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desi GBasurdsind FHSHEBNA: SuihiSusiRRigR, a piston is located
W thin a pressure tube and is 20 connected to the

spring nmass of the vehicle through a piston rod. The
pPessure - tube i sBAOHAROUND GFoTHEhRIVENSNING mass of

t he vehi T ' j Vi e ressure,tube
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Whi. Clibrations Waich Becur hamigahovdmBRY diehefl dubiphsioh SRBh.N ) order 1o
I ovvea{bng\@rtél n\g/%{]cha er ,c%url ng. a ¢conpression stroke an

“rebound SECVHIMGRE RRHoRs: 1 A0MoEve: Bheck ABRereaTs arnerelly
13 ui agniactsth itehesenpihe sprang Kiody) andahbenspiung (GlRgehswhassis)

wor khdechiamghioduri ng a rebound or-extension stroke.
Because the conpression valving and the rebound

val vi ng (AR t Ree awptcemmopdyne; tishook legsdrberwfasfautomobiles is
danphai@ashpatitygbe wWhith. cai 66 Kirdba fioh&fubb Sedt & 4 QaPlBS MGG,
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dths geriegtethins the tspringheass pf thegrehisls throyg Gipidior! da The pressure
figgltni:aﬁgg BorFBOEH 1AS AndfRling rRads! df it VeRBBT R piskeh 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
25 valving which limits the flow of damping fluid from the upper working chamber fo
the lower working chamber during a rebound or extension stroke. Because the
compression valving and the rebound valving have the ability to fimit the flow of
damping fiuid, the shock absorber is able to produce a damping force which
. counteracts the vibrations which would otherwise be transmitted from the

30 unsprung mass to the sprung mass. '

[0004] In a dualtube shock absorber, a fluid reservoir is defined

between the pressure tube and a reservoir tube which s positioned around the



bet ween the pressure tube and a reservoir tube which
is positioned around the 1 pressure tube. A base

val ve assenbly is |ocated between the | ower working
chanber and the fluid reservoir to control the flow

of danpening fluid. The conpression valving of the
piston is noved to the base valve assenbly and is

repl aced by a conpression, check valve assenbly. In
addition to the 5 conpression valving, the base val ve
assenbly includes a rebound check val ve assenbly.

The conpression valuing of the base valve assenbly
produces th ing force during a conpression
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25 locating the reference face of the measurement tool against the outer land
provides an overall indication about the hub jand 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.



shape of the outer land is relevant to the control of
the flow restriction contours, neasurenent of the
outer |land shape is needed. 2 SUWARY OF THE

| NVENTI ON [ 0007] Enbodi nents of the present invention
seek to provide the art with a rreasurerrent t ool

whi ch rreasurestheﬁwﬁﬁ_w ? ;d: land in
relation to the inner an |ncethe val ve
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appar ent (obbHRUriher di2k’idr 8PpIaBRty A lnModREHE BRfhe present
invention will become apparent from the detailed description provided
hereinafter. It should be understood that the detailed description and specific
examples, while indicating the preferred embodiment of the invention, are
intended for purposes of illustration only and are not intended to limit the scope
of the invention. -

BRIEF DESCRIPTION OF THE DRAWINGS
[0009] The present invention will become more fully understood from
the detailed description 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;



hereinafter. It should be understood that the

detail ed description and specific exanples, while

i ndicating the preferred enbodi nent of the invention,
are intended for purposes of illustration only and
are not intended to limt the scope of the

i nvention. BRI EF DESCRI PTI ON OFTHE DRAW NGS [ 0009]

The prededt1]iFyeatd sna sidel sdatiomaieigwibe tHeubhgck absorber in
N0kl B0tk ViffTnol e PRAbER, decll bl on and i he
acconpa wherernh: [0010] Figure 1 is a
schemat |I50123d:r'@§@rﬁ & poeniroed £ipps-eattionak wawHf| tee piston

Whi GlsérhBIgl gﬁp@éo%?ﬁcéﬁmth‘%ﬁ’é;bregéﬁ isRPGdn:absor ber

d t
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i nventi qpg14] W& Fi IsgéH %n§ de?sp%ﬁtlv%nlné\ﬁr%%e fauﬂe head in

Cross- sectl 0 Vi ew of Iston assenn
accGFeRiHReeamt rhthfarﬁ’éesﬁlnte%‘é?ﬂt'o nventi on; [0013] Fi gure
4 is an [emishFigec & sessds aoss-gattibnal view obthd theadidaent tool
val yeon p%?&ﬁia’ghél(g?u ol ﬂ%?ed%%@hé@ present

i nvention gure 'S an per spective view
of the gauge head in accordance with the present

i nvention; [0015] Figure 6 is a side cross-sectional
vi ew of the nmeasurenent tool incorporating the gauge
head illustrated in Figure 5; 3a [0016] Figure 7 is
an enlarged -partial side cross-sectional view of the
nmeasurenent tool illustrated in Figure 6; and [0017]
Figure 8 is a typical result using the neasurenent
tool in accordance with the present invention.

DETAI LED DESCRI PTI O\ OF THE PREFERRED EMBODI MENTS
[0018] The follow ng description of the preferred
enbodi ment (s) is nerely exenplary in nature and is
in no way intended to limt the invention, its

3a



application, or uses. 10 [0019] Referring nowo the
drawi ngs in which like reference nunerals designate
i ke or corresponding parts throughout the severa
views, there is shown in Figure 1 a vehicle which

i ncl udes a suspensi on systemincorporating the shock
absor bers whi ch have been inspected with the
nmeasurenent tool in accordance with the present

i nvention and which is designated generally by the 15
reference -nuneral 10. Vehicle 10 includes a rear
suspension 12, a front suspension 14 and a body 16.
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dy 18 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 %o dampen the relative motion of

25  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 axe assemblies, shock

absorbers 20 and 28 may be used with other types of vehicles or in other types

of applications such as vehicles incorporating independent front andfor

30  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.



5 absorber 20 in the manner in which it is adapted to
be connected to the sprung and unsprung masses of
vehi cl e 10. Shock absorber 20 conprises a pressure
tube 30, a piston assenbly 32, a piston rod 34, a
reservoir tube 36 and a base valve assenbly 38.

[ 0021] Pressure tube 30 defines a working chanber 42.
Piston 10 assenbly 32 is slidably disposed within
pressure tube 30 and divides working chanber 42 into
an upper wor ki ng chanber 44 and a | ower worKki ng
chanber 46. A seal 48 is disposed bet ween pi ston

rovenent 20D SRBRFS ety 0 efockEdisaiber 86 shown in
pr es $iRaer tdgtad.  IWhileviFigure 2t illgpiraies ably shocknaliserbbr Rt it @@l be
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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

25  respect 1o pressure tube 30 causes 4 difference in the amount of fiuid 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 lube 36 surrounds pressure tube 30 to define a fluid

30 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



attached to upper end cap 50. Base val ve assenbly 38
i s di sposed between | ower working chanber 46 and
reservoir chanber 52 to control the flow of fluid

bet ween chanbers 46-and 52. Wen shock absorber 20
extends in length, an additional volune of fluid is
needed in | ower working chanber 46 due to the "rod 5
vol une" concept. Thus, fluid will flow fromreservoir
chanmber 52 to | ower working chanber 46 through base
val ve assenbly 38 as detail ed bel ow. Wen shock
absor ber 20 conpresses in |length, an excess of fluid
must be renmoved from | ower working chanber 46 due to

the 2t¥HeY & wrer codbrberlt HeRgsvale|ageednily B3 is disnggpd bjween
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and a pl it r ebou ass . Seat_48 |
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nDVei%Qﬁ'anQfSct P&nﬁﬂrecs%faﬂ cﬁé&mkﬁs&%bl Qgé%sembled against a

npr.essi on check val ve assenb éﬂ]\ﬁ nprises
r et aﬁﬁ?@'ﬂefﬁ? on pisigryiog 844 Vale besly Side %sg'm% agast Gompression
Ret atheck vah@ aberhisly shant desurlitane aﬁlﬁﬁlbﬁﬁﬁi i BskembRY \bBainst

| bOdyvag% bggyweA RJt%g C%Pe% thééglogrﬁ oi‘neﬁtg toepls bUt vaI Ve

| eavi ng 08BHunY akva@e@g@rsggféggg@wfah@mf lcﬁgplﬂ$'0@825ﬁges 70
di s %%@pl@@ﬁ%?%b&ﬁfd%a@é’d’geg 8o aRgy gl |Ncﬁ1dgb §$Iu$§it}c9 ribs 74
O HNRLin Wah A kAP e 7S R
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2(15 .mﬁtmemmaz causing fluid pressure to react
282: 22: R‘?@ﬁe % greg%o 0V Er cone%s%%ﬁ'%yg?%g ssﬁlé%gralag'f’r 78,
spr iFriva lisc B8 1apd adpidng 828 (Rataign 78 rbids phaokiened wreorsoey and
60 tvalve pedy BI0OPHE SRieP Bnd) 2¢80@se 80araRVaRb 184y 60 and closes
compression passages 70 while leaving rebound passages 72 open. Spring 82 is
25 disposed between refainer 78 and valve disc 80 to bias valve disc 80 against
vaive body 60. During a compression siroke, fluid in lower working chamber 46 is
pressurized causing fiuid pressure fo react against valve disc 80. When the fiuid
pressure against valve disc 80 overcomes the biasing load of spring 82, vaive dis¢
80 separates from valve body 60 to open compression passages 70 and allow
30 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



30 fluid flow from | ower working chanber to upper
wor ki ng chanber 44. Typically spring 82 only exerts

a light load on valve disc 80, and it does not
contribute to the danping characteristics for shock
absorber 20. The danping characteristics for 6 shock
absorber 20 during a conpression stroke are

controlled by base valve assenbly 38 which
accommodates the flow of fluid from | ower working
chanber 46 to reservoir chanber 52 due to the "rod

vol une" concept as detailed below. During a rebound
strok ressi on _passages 70 are cl osed by val ve
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25 1o 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 stil to Figure 3, rebound valve assembly 64 Is

designed to provide for the flow of fluid through rebound passages 72 from upper

30  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.



wor ki ng chanber 44 to | ower working chanber 46
through slot 96 to provide low speed tunability.
[0028] Referring still to Figure 3, rebound val ve
assenbly 64 is designed to provide for the flow of
fluid through rebound passages 72 from upper 30
wor ki ng chanber 44 to | ower working chanber 46. Val ve
body 60 defines a first or outer |and 104 and a
second or inner hub |and 106. Val ve discs 84 are
cl anped between retainer 86 and inner hub [and 106 of
val ve body 60 by nut 68. 7 The cl anpi ng of val ve

i nner hub | and 106 al so bi ases the
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132. During a rebound stroke of shock absorber 20, fluid pressure decreases in
25  lower working chamber 46 until the fluid pressure within reservoir chamber 52
and rebound fluid passages 132 is capabie 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

30  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



body 120 by val ve spring 142 which is | ocated between
val ve disc 140 and retaining nut 128. Valve disc 140
closes the plurality of rebound fluid passages 132.
During a rebound stroke of shock absorber 20, fluid
pressure decreases in 25 | ower working chanber 46
until the fluid pressure within reservoir chanber 52
and rebound fluid passages 132 is capabl e of
overcom ng the biasing force of valve spring 142.
When the biasing force exerted by valve spring 142 is
exceeded by fluid pressure acting agai nst val ve di sc
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[0033] Referring still to Figure 4, compression valve assembly 124 is

designed to provide for the flow of fluid through compressor passages 134 from

25 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

30 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 178 needs to be accurately controlled. As detailed below, the



chanber 52. Once the |low speed oil flowcircuit is
saturated by the fluid flow rate, fluid pressure
continues to build up in | ower working chanber 46
until the 20 pressure acting against the valve discs
150, 152 and 154 overcones the load required to

defl ect discs 150, 152 and 154 further and all ow
additional fluid flow fromlower working chanber 46
to reservoir chanber 52. [0033] Referring still to
Figure 4, conpression valve assenbly 124 is designed
to provide for the flow of fluid through conpressor

passages 134 from 25 | ower working chanber 46 to
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218 Pi¢Re 218 Is posifioned such that wbﬂn valve body 60 or valve body 120 is
located against focating face 212, spherical probe 218 engages outer land 104 of
valve body 80 or outer land 174 of valve body 120. Thus, the position of outer
25 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 posttions
gauge head assembly 202 at one end of mounting base 230 and it positions both

30  preloading device 234 and rotating device 236 at the oppasite end of mounting
base 230.
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nmeasuri ng device or dial gauge 220. Wile the present
invention is being 15 illustrated using spherica
probe 218 and dial gauge 220, it is within the scope
of the present invention to use any other measuring
mechani sm known in the art including but not [imted
to electronic, laser, or infra-red. Spherical probe
218 is nmounted for novenment with respect to dia
gauge 220 and | ocating head 206 such that novenent
of spherical probe 218 causes synchroni zed novenent
of 20 di al gauge 220 to indicate the precise anpunt

of novengy f 218 with respect to
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gear 262. While rotating device 236 Is being illustrated as fing 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
25  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 plece 242 is axially
movable within ring gear 260. Ring gear 260 is mounted for rotation with respect

30 o housing 240 by a palr of bearings 264, Womm gear 262 is alsq 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



defined by pressure piece 242 and housi ng 240. A
centering piece 254 is disposed between biasing
spring 244 and bearing 246 to acconmodate slight
novenent s of biasing spring 244. [0040] Val ve body 60
or valve body 120 is positioned onto neasuring 15
tool 200 by first retracting pressure piece 242 by
conpressi ng biasing spring 244. Valve body 60 or

val ve body 120 is then positioned over |ocating stud
210 and pressure piece 242 is rel eased such that

i nner hub Iand 106 or 176 is biased against |ocating

face spher.i cal robe 218 is in engagenent
wen BOEERRE %ﬁ%a Fafefipn of brosmare RGaL47 Mbichicagses potation i valve

bi asibady 6P i majve hddymedonyiti rspeeto gm.gpo&aa Ia@ﬂsmbfy 28| Ve

body r ofV: e i

i oo41r§9[wﬁt aft i‘% p@ﬂﬁ%%g{gg& o |1ggg”'a S ﬁ%gﬁugfabead
and Og @a1mitsdiyme megspemenisf ﬁpurwgnve@wu@ o 8@tei iand 104
bei nen teldnorstd mhedh@Slahd A Sleﬂié r&@f@e%@ahoﬂ"@f BHE83d 174 in

o uliieh ® e At S GRE s S Publosmee pghe gk
‘pressure [%431: e Thedragessor resgsaning or galyingsiung land 30L#Gelation
[ 0048]inddr g %EH 03 @pfdr $ne§§fﬁ|1‘§ Sldgéuglln %ﬁte? %ﬂ%qu in relation to

pI‘eSSUI‘reFl %ﬂﬁ ¥ axi al
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NOckigdl £@D. prigss isr ecqonﬁ%ed?@ firstr refrékinaél}:ﬂébsbﬁét piece 242 by

O ear o tiosthg tasid ey 241, 2 eke (OB BB o Bl el 12k fen
r es peretiongy qvgr l‘?@%ﬂﬂg ed ;_?4@ amyprasq@:m piecH 24208 raleaged A4 that
Wor Whmafubm 1(35 8l 8 SHBRESIodiRh 10chf eab@%g"aﬁéq s;'a%encal

housj ﬁ,qu? 03|t| n where worm
eng gé%e s W{‘ﬂa M58t “ﬂ@'ﬂ“e?@bd 194 Ryd 74. BIesiwrwewfzde and
ﬁr nhigpéngr SPPRE 244 msadrsain dHeapdsition of vavmgoﬂea;r or \Jaiveaﬁsgy 120
| ce
e RS SictioRoh ks PGS Wi b Gilos 220 Wil oty be
wi t HePoed sesqt o thevargae v@woat@g ity OQtBeraneIm or 174. The
r ot atb®refeéncealiniensiA i Bih B8 1aksH N 2qbc9 ) htﬁuve body
er m S
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A4 98ugenhaad jagsernry 22 hynhe rotétioh of aoeh §&6 262 whizk rotates nng
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i nn r and over e entire Ci

t he PP 1?5 nothnr measurement will then be taken using dial gauge 220. This
process of rotating preferably five degrees and taking a measurement wili
continue through the entire three hundred and sixty degrees of outer land 104 or
25 174 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

30  measurements throughout the circumference if desired.
[0044] Figure 8 illusirates a typical graph representing the saventy-two
measurements made for the gauging or measurement of a single outer land 104
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[0043] The process for nmeasuring or gaugi ng outer
land 104 in relation to inner hub Iand 106 or for
nmeasuri ng or gauging outer land 174 in relation to

i nner hub land 176 is to position valve body 60 or
val ve body 120 into nmeasuring 10 tool 200. This is
acconplished by first retracting pressure piece 242
by conpressing biasing spring 244. Val ve body 60 or
val ve body 120 is then positioned over |ocating stud
210 and pressure piece 242 is released such that

i nner hub Iand 106 or 176 is bi ased against |ocating
face 212 an gh rical probe 218 is in engagenent
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t he tplnfﬁih@ntnehfwﬁﬁéﬂt Otbcﬁrﬂqd&eaﬁ whif faer E&ﬁnucﬂ&ﬁ@\& l{rﬁﬂent

to ou nents

cir ?ﬁﬁﬁ* pésh U a?éﬁ"’ ?‘er {é’g"‘“"f o s4PsequgT taking of the seventydwo

20 t ypeasuemgnts san rt@patﬁ&nam rag is lmil Saveniiry tHeV\art, Fnaﬂy, the

T neresnERhenER S 18, iii5a 9819ty Sbo "EERUISTRERY 740
g‘\PP’BB‘H“’af"é’Bbqf P! megiremgnts Byf‘mfﬂla:up mpeewsingy around the

tecm«:tnmasn@mﬂttﬁ)bﬁte@%dké}ﬂwhs‘é@” inthe art, the

true shapgsf70n0f a4 on WA invention is merely exemplary in nature

25  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 scopse of the invention.
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104 or outer land 174 can be plotted in relation to
the lower processing limt 272 and the upper
processing limt 274 for the outer land. Using the
seventy-two 5 data points, an average val ue 276 for
t he height differences between inner hub |and 106 or
176 and outer land 104 or 174, respectively can be
cal culated and plotted. In addition, a value for the
paral l elism 278 (deviation) fromthe outer |and 104
or 174 agai nst the inner hub |land 106 or 176,
respectively can also be illustrated. Al so, a value
for the ripple 280 (flatness) of outer |and 104 or
174 can 10 be illustrated.C¥4¥85] The present
i nvent i oWVipat ulathesi i@ neasuri ng or gaugi ng tool 200
and process for accurately measuring outer |and 104
or 174 in relation to inner hub land 106 or 176. By -
accur at elly nméaB8EasuArg taebifar uvaheobady daving gntifes €and and an
f 8at ontesiand dispesell 3Ry TEHRIH I Lahergontrol of
the {imid ] Sl Sy ehR fﬂf?ﬁ'ﬁ%@ﬁé&& 18 hedsifing ool
characteristics of shock absorber 20 can be
mai nt ai ned. pOG4big Mddissamm;seéﬁna:b%\/iﬁeaﬁﬁ%%ce for engagement
mMeasuiaRE RheSiet €m used can be any of the variou
measur enent systens known in the art and this is to
i ncl ude non- tRRRENMARbIYeRSUNtethwith respetini be Socatngwakd for
s cogbhgementisitidasHegaRNt  techniques. | n addition,
the rotation_and subsequent taking of the seventy-two
20 measur eneﬁtr%eag'érl’i'gb% ESPREtARS g‘éh the Reeta fox iniisatinigrthe
t he "&i§ve PPpitien df she autee lang wills exspedt KBARS inhéMards NOt
limted to seventy-two neasurenents, as any
appropriate punber of neasurenents or continuous
measur erfent  dFOTIFRPUbKEIoolqcceidinpde Sinire 1ofvheraia tteasuring
1Sandedemis hefidigags. [ 0047] The description of the
invention is nerely exenplary in nature 25 and,
thus, variations that do not depart fromthe gist of
:Re i nv@n;! ofheameasuring imdk deookdind eo BGiakii 1) f.jr[g,@r Wﬁggga
epielagih | @iice A5 l - 0 e regarae
as a departure from?et!ﬁé S %?ﬁet?"%{ﬁg 1{3}1 oﬁé%f"athf?e ody into
i nvETTEHE 1N e Agopting fogedf thesloeating head. 1 s: 1. A
2feasuring tool for a valve body having an inner |and
and an 4

The measuring tool according to Claim 3, wherein the preloading
device comprises a pressure piece and a biasing spiing.

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

6. The measuring tool according to Claim 3, further comprising a

rotating device adapted io rotate the vaive body with respect 1o the measuring
device,

30

7. The measuring tool according 1o Claim 6, wherein the ‘preloading
device comprises a pressure piace and a biasing spring.

i4



5 outer land disposed radially outward fromthe inner
| and, the neasuring tool conprising: a |ocating head
assenbly defining a | ocating face for engagenent

with the inner |and; a probe novably nounted with
respect to the locating face for 10 engagenent wth
the other land; a neasuring device associated wth
the probe for indicating the relative position of
the outer Iand with respect to the inner land. 2. The
measuring tool according to Claim1l, wherein the
measuring 15 device is a dial gauge. 3. The
measuring tool according to Claim1l, further
conprising a_ prel oading device adapted to urge the

i nner | &hd ofhe measing oy catpoiding do Gaigagemmidin Wid Potating

t he deoleﬁfdtdi’@tﬁélﬁﬁsgﬁeé@@e | ocating head. 20 4. The
nmeasuri ng tool according'to Caim3, wherein the

prel oading device conprises a pressure piece and a
tﬁ asi ng c-!spr i Tig.. mBasuifihg tomamdurggtot ORim 2CwRREEhNAe bRssure

ai ce includes a
heaé dap g ¥ordt§ﬁ§a{%§eﬁt§% a?r?%’l‘swﬂb‘ XpVebestay . 6.
The neasuring tool according to Claim3, further
conpr i simg aThe! BbaHUTRG 16bF WESHGIRF /P ER t I Bl 1
vaI #ﬁ‘" g%te\é"tﬁ H& ﬁspect to the“ﬁjrreasurl r?gvghg}ee& the m%ﬂ

e neasuri

‘ool according to Claim6, V\,her ein
1lohe prel oading device conprises a pressure pi ece and

a bi asi ng, smnbngewaﬂnétmiﬁmsﬂr bl'?i?n %nf g@ﬁ;ﬂ%@g a

wherein the rot deV|c
pr egoé‘%f‘% dﬁ‘f'%ec%jap?dg" rotie thoyadverhady V\tﬁb@deSpaﬁdo ttebi meastiing
Cl afiewicé, wherein the pressure piece includes a head
adapted for engagenent with the val ve body.

15 12. A method of measuring the relationship between an inner land and
an outer hub land dispesed 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 iocating
20  surface.

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

25 14.  The method of measuring according o Cialm 13 further compnsmg
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.
30

18.  The method of measuring according to Claim 12 further comprising
positioning a probe in contact with the outer Jand.

15



10. The nmeasuring tool according to Claim9, wherein
the rotating device rotates the head. 10 11. The
nmeasuring tool according to aim1, further
conprising a rotating device adapted to rotate the
val ve body with respect to the neasuring device. 15
12. A nethod of neasuring the relationship between an
inner land and an outer hub | and di sposed radially
outward fromthe inner [and of a valve body, the

met hod conprising: positioning the inner |and of the
body against a |ocating surface; measuring the
position of the outer land in relation to the

| ocating 20 surface. 13. The nethod of neasuring
accor di niy-t o7& mpihed of niaasuringraccayding fostlaigy 120intret cgmyrisiag
i NNQ&iati ﬁbhﬂ&gx@pgﬁg@ % ting surface.
25 14. The nmet hod™ of ng%?ﬂﬁ?ﬁémgﬁﬁgfu Eg to Caim1l3
further conprising rotating the valve body wth
reespect 8o t 'ﬁm iheibart of Mgasuting aceordiddto e 1l7Ermrh@dcdhfpnsmg
”ea%dg%l lqh&gur%ﬂer% @hﬁﬂ 4o nfo!tf'm r coagr% 3' ng

t aki ng a p |ty Reasur Gment s

rotation of the val ve body. 30 16. The nethod of

gggs uri ng. ac‘nwftrigdggi clif%e%lﬁitngg%&\/r\;ﬁn {iﬁ;mgzmhbféd&%nsmg
15 bé&ghgghgﬁﬁdﬁc%ﬁa ?Pﬁﬁrﬁ:%ordlng to Claim12

further conprising rotating the valve body wth
respect to the locating surface. 5 18. The nethod of
measuring according to Claim17 further conprising
taking a plurality of neasurenents during the
rotati on of the valve body. 19. The nethod of
measuring according to Caim17 further conprising
positioning a probe in contact with the outer |and.
16

16



