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(57) Abstract: A system and method for characterizing and measuring hydrodynamic grooves made by ECM processes is disclosed.
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incorporated into electronic equipment, such as computer systems and
home entertainment equipment, to store large amounts of data in &fSfR> Ry 2007
WRRAMHARBHR quickly and reliably retrieved. The major compon @it/ B$H 0814989
drive include magnetic media, read-write heads, motors and 1 5
FEBRUARY 2007 WO 2004/013502 PCTIUS2003/024989 software.
Motors, which are used to spin media at several thousand revolutions per
minute, are constructed to spin with minimal vibration and to be reliable
and efficient. One of the ways this is done is by insuring proper lubrication
of critical moving components in the motor with oil. Proper lubrication of a
motor is typically achieved by incorporating grooves in the bore and shaft
through cutting processes such as electrochemical machining (ECM)
processes. Since these grooves are important for maintaining proper oil
circulation, erosion of the groves can cause improper oil circulation
leading to motor failure because of lockup. Therefore, measuring and
- undergipding SEIEMEitd P TSI KM VEa N iR daenrMEtPalbisy

important to building a motor robust enough for hard drives. [0003] The
cutting process may be performed in any of various electro-erosive
machining modes. In electrical discharge machining

This application claims priority from U.S. provisional application

serial number 60/401,796, filed on August 6, 2002

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates generally to the field of fluid
dynamic bearings and more particularly to etching grooves in a hub used

in a spindle motor of a disk drive to form such bearings.

2. Description of the Related Art

[0002] Conventional disc drives use magnetic properties of
materials to store and retrieve data. Typically, disc drives are
incorporated into electronic equipment, such as computer systems and
home entertainment equipment, to store large amounts of data in a form
that can be quickly and reliably retrieved. The major components of a

disc drive include magnetic media, read-write heads, motors and



(EDM), the cutting liquid is dielectric liquid, e.g. deionized water, and the

machining electric current is supplied in the form of a succession of TEBRUARY 2007
WRRSHDaPplIses. In electrochemical machining (ECM), the cuRGAgUS2003/024989

medium is a liquid electrolyte, e.g. an aqueous electrolytic solution, and

the machining current is a high-amperage continuous or pulsed current.

In electrochemical-discharge machining (ECDM), the liquid medium has

softwat8 elRrtebdicARitHiglRClik-aatHrepianeh B ANACKVIE CYHENE I d

preferably applied in the form of pulses, which facilitate the production of

revoRISBHE Peehaiars dhraéabothst cqBeliCvesliHi g divimind A PEBREARY
2007 WO 2004/013502 PCT/US2003/024989 [0004] The work piece

and AP dectisphsech i fcdthe! tmelsiing dayis snadisng l@dAvisrse the
cutting region therein. More typically, however, the cutting zone is

" insudisgopedgertiie i vnbe otk RIVAIONDEIig Asivaiiageaysty tbiRerfbivo
nozzles of a conventional design are disposed at one or both sides of the

withwilk Piesscioldeiestiu ofEnghlquidisnegidallip dod Rwiéddyegion
disposed in the air or immersed in the liquid medium. The cutting liquid
inconpediuinis gomversdntlihedier@armiestiaftethrotich uddingipede@sses
ionized to a varying extent to serve as a desired electro-erosive cutting
suchmedieiectrochemical machining (ECM) processes. Since these
grooves are important for maintaining proper oil circulation, erosion of
the groves can cause improper oil circulation leading to motor failure
because of lockup. Therefore, measuring and understanding the erosion
of the grooves in the bore and shaft is important to building a motor
robust enough for hard drives.
[0003] The cutting process may be performed in any of various
electro-erosive machining modes. In electrical discharge machining
(EDM), the cutting liquid is dielectric liquid, e.g. deionized water, and the
machining electric current is supplied in the form of a succession of
electrical pulses. In electrochemical machining (ECM), the cutting
medium is a liquid electrolyte, e.g. an aqueous electrolytic solution, and
the machining current is a high-amperage continuous or pulsed current.
In electrochemical-discharge machining (ECDM), the liquid medium has
both electrolytic and dielectric natures and the machining current is

preferably applied in the form of pulses, which facilitate the production of

electric discharges through the conductive liquid medium.



[0005] Since modern hard drives require smaller and faster motors havin
finer critical features, there is a real challenge in both making and ° =RV
WOr8840t#392the finer features made using these ECM processBE HHE2(8/024989

like. For example, smaller motors have correspondingly smaller and finer

groves built into their bores and shafts than ever before. The ECM

process is generally known in the art. However, the ECM process raises
[00CA$ needTh aceoRiglicapdEinbeaRMslyDlace HROYeS dicacaittinge

across a gap that must be accurately measured. Deficiencies in
liquidleskancoal tolerancaseayCcatterpisaliynmeneliaaiesttggecuily, the

work piece, causing an uneven gap and correspondingly uneven depth
howbyerpeMBarnitt Bigeh ABCUIsIR Secabutipent ofthespigraovesiivnaaded

to understand their wear patterns and ultimately design and build better
AdvanatrsoGoRyastienal tiethndslasast @ coeasurt aea pivgh weardisposed

motors are inadequate for measuring the small dimensions found in 35
at ofrEEBRUAR S8y o Re2@04K0h350R2t6 A Ellve2 0h8/6a 4988 linodérn bore

and shaft grooves because they were developed for measurements of
mediargetdediarestidag ar gl eftrpo vdihiis theeatrdois iasystesadaind thethod

which overcomes these deficiencies and enables measuring fine
liguiéahrdsyisucihe cutting liquid medium is conveniently water as

Y 2007

mentioned, which is deionized or ionized to a varying extent to serve as a
desired electro-erosive cutting medium.

[0005] Since modern hard drives require smaller and faster motors
having finer critical features, there is a real challenge in both making and
measuring the finer features made using these ECM processes and the
like. For example, smaller motors have correspondingly smaller and
finer groves built into their bores and shafts than ever before. The ECM
process is generally known in the art. However, the ECM process raises
the need to accurately and simultaneously place grooves on a surface
across a gap that must be accurately measured. Deficiencies in
mechanical tolerances may cause misalignment of the electrode with the
work piece, causing an uneven gap and correspondingly uneven depth
hydrodynamic groove. Accurate measurement of these grooves is needed
to understand their wear patterns and ultimately design and build better
motors. Conventional methods used to measure component wear in

motors are inadequate for measuring the small dimensions found in



as groves, on the bore and shaft of motors. 4 5 FEBRUARY 2007 WO
2004/013502 PCTIUS2003/024989 SUMMARY OF THE INVENTIGRPRUARY 2007
WOO0¥PIBRe2invention provides a system and method for charBE#H22403/024989
and measuring hydrodynamic grooves made by ECM processes.
Additionally, the invention provides a system and method for
characterizing and measuring the erosion of these grooves. [0008] The
mod&iethnstéos e sRuingroete e estam inclidsswignineval shgadayith a
gauge pin, covering the length of a journal, moving a stylus to an apex
mea PaséigBniacatingrad eyeratiegnum by rotating a hub, rotating said hub to
a fixed position, scanning between a first endpoint and a second endpoint
[0008]llectingrHate ey Baidisaace ded iy ngpaiddaiadynbtingl saltidata to
a line, locating a lowest peak in said groove, and calculating the erosion.
overdbif gy abess iddheferrpeated b iantitatingethar ringdhiede dnaegvsuch
position. Typically three such measurements are taken with each
as gioeasyeingd beirgdateshalfenfhasiorspiece has been rotated by 120
degrees. [0009] The system for measuring bore erosion includes a gauge
pin for alignment, a theta chuck for supporting said work piece, a theta
stage



capable of rotating said theta chuck and said work piece about an axis of
rotation, a stylus tip for probing a topography on said work piece wh{IEBRUARY 2007
W@ aM4d3RBiece is rotated, a stylus for supporting said stylus B TA/MRE3/024989

surface scanner for measuring the response of said stylus to said

topography of said work piece and for controlling and moving said stylus

5 5 FEBRUARY 2007 WO 2004/013502 PCT/US2003/024989 along a

direction of stylu§HAHPARY© FPEFERIN VENEONGIZEe substantially the

same as that of a bore diameter to be measured and the gauge pin has a

region on it along a line that has a maximum variation in height of 30

microns over a length over a length of about 20 mm. 6 5 FEBRUARY
[0007°07 M@ 2RO RR02 RGTHLSZAQ2AWN BRIELOESFCRIPTION OF

HE INVENTION [0010] FIG. 1 is a flowchart showing the preferred steps

char{S€Hii0, BeaaUFe s ARG erpaiuohthety drodyeamiadectsr BaMgroves

in the bore and the shaft in accordance with one embodiment of the
procdBYERTIoH A4 I G isa Sinekiggramdepressntimgemgransthod for

measurement system, in accordance with one embodiment of the
characterizing and measuring the erosion of these grooves.

[0008] The method for measuring bore erosion includes aligning a
stylus with a gauge pin, covering the length of a journal, moving a stylus
to an apex position, locating a grove minimum by rotating a hub, rotating
said hub to a fixed position, scanning between a first endpoint and a
second endpoint collecting data during said scan, analyzing said data by
fitting said data to a line, locating a lowest peak in said groove, and
calculating the erosion. This process is then repeated after rotating the
work piece to a new position. Typically three such measurements are
taken with each measurement being taken after the work piece has been
rotated by 120 degrees.

[0009] The system for measuring bore erosion includes a gauge pin
for alignment, a theta chuck for supporting said work piece, a theta stage
capable of rotating said theta chuck and said work piece about an axis of
rotation, a stylus tip for probing a topography on said work piece while
said work piece is rotated, a stylus for supporting said stylus tip, and a
surface scanner for measuring the response of said stylus to said

topography of said work piece and for controlling and moving said stylus



invention; [0012] FIG. 3 is a diagram illustrating scan lines of a typical

measurement done on a hydrodynamic motor bore with groves; [0GLSFRUARY 2007
W 418 2diagram illustrating a typical profile of the groves RCHE3008/024989

including the radial erosion, apex, original diameter and lowest peak

[0014] FIG. 5 is a plot showing a typical scan of a hydrodynamic motor

bore with groves. [0015] FIG. 6 is a plot showing a typical scan showing

alon%f;aaéwé%aaﬁ SESWiRQ A QBier hote sremierpRaltein meassiggent. 7 5
EBRUARY 2007~ WO 2004/013502 PCTIUS2003/024989 DETAILED

subsPERGHNRRION QE 15 EBREFERBRERIEMRRR MENTSAsHeEdherd the

invention provides a system and method for characterizing and
saugBBASHINI YLLK NAIE AIORYES IMRdEhbY h&dvh precessem Addititioally,
the invention provides a system and method for characterizing and
in h SHiBg thecereniaiy of hesa a1ooves. 408hgt k6 dbsw flztvahart
showing the preferred steps used to measure the land erosion of the
hydrodynamic motor with groves in the bore and the shaft in accordance
with one embodiment of the invention.



First in step 105, the rotary fixture is aligned so that its axis of rotation
coincides with the direction of motion of the stylus. Next in step 110, & ARY 2007
WeR¢H01858%0or the movement of the stylus during the measurdi&i§2898/024989
defined by moving the stylus from a first journal to a second journal. The
first journal and second journal are typically set at 11.8 mm. [0018] Next
in step 115, the stylus is moved to the apex position which is determined
by the motor design. In step 120, a groove minimum (MIN) is located by
holding the stylus fixed and the rotating the hub. In step 125, after the
MIN is located, the hub is rotated by another O degrees so that the
position of the stylus is at MIN+O degrees. Although the value of 0 is
typically set gRIZFIDESERIFINENBECHIINEENTION of groves. [0019]
Next in step 130, the stylus is moved across the fixture from the first
journal point to the second journal point scanning the surface 8 5
FEBRUARY 2007 WO 2004/013502 PCTIUS2003/024989 and creating a
[oo1pjofile oftiee suitaaefiasveihewn sh dbdrattanbaet éfprresl Atcdprewsdibsofit for
the apex region and the original diameter is then calculated using a least
measiguara dil algbeivsi onstepHS hyeodjmstepc 1106t therthveztqyeskiis the
located and the distance from the least square fit
bore and the shaft in accordance with one embodiment of the invention;

[0011] FIG. 2 is a block diagram representing a groove
measurement system, in accordance with one embodiment of the
invention;

[0012] FIG. 3 is a diagram illustrating scan lines of a typical
measurement done on a hydrodynamic motor bore with groves;

[0013] FIG. 4 is a diagram illustrating a typical profile of the groves
in the bore including the radial erosion, apex, original diameter and
lowest peak

[0014] FIG. 5 is a plot showing a typical scan of a hydrodynamic
motor bore with groves.

[0015] FIG. 6 is a plot showing a typical scan showing analysis and

results of an outer bore erosion pattern measurement.



line to the lowest peak is calculated. In step 145 the radial erosion EF%) for
this hub angle is calculated. Typically, three radial erosions (Ri) wilP THERVARY 2007
Wweadieté®2one for each hub angle, which is, offset from the greVib§2003/024989

angle by 120 degrees, resulting in three values Ri, R2 and Ra. [0020]

Next in step 150, the hub is rotated by 120 degrees to a position of

MIN+0+120 degrees. In step 155, a decision is made as to whether the
DETAILBEH DESORBEITIGNGPSINE PREFERRED EMBOSIMENTSS. If it

is determined in step 155 that the position of the hub is not greater then

MIN+0+360 degrees, then steps 130 through 155 are repeated. Typically,

step 155 results in performing three scans and calculating three erosion
[001&jues RTIRZianeRoatjhseridifarepsrnglendanstandisetissed with

reference to step 145 above. Although the hub is rotated by 120 degrees
chatatazim0 ixanhamisiag by ardgmennit siicoves 30drgEeEONG0

degrees, for example. There is no restriction on the amount of rotation. If
prodtiseetendiierbindtepthebiinatitioppsitivides sheybubnis gidateethed for

MIN+0+360 then step 160 is performed. [0021] In step 160, the total
chamosnziisg alad|atech by duer siyingrtidothrde hesasgredwerasions Ri, R2

and Ra and multiplying the average by 2. If N scans are performed
[001T}tead dFAlylthsece fhsmddsortbatowithth & BBREARY 200 used to

measure the land erosion of the hydrodynamic motor with groves in the
bore and the shaft in accordance with one embodiment of the invention.
First in step 105, the rotary fixture is aligned so that its axis of rotation
coincides with the direction of motion of the stylus. Next in step 110, the
end points for the movement of the stylus during the measurements are
defined by moving the stylus from a first journal to a second journal.

The first journal and second journal are typically set at 11.8 mm.

[0018] Next in step 115, the stylus is moved to the apex position
which is determined by the motor design. In step 120, a groove
minimum (MIN) is located by holding the stylus fixed and the rotating the
hub. In step 125, after the MIN is located, the hub is rotated by another
0 degrees so that the position of the stylus is at MIN+0 degrees.

Although the value of 0 is typically set at 12, it is determined based on
the number of groves.

[0019] Next in step 130, the stylus is moved across the fixture from

the first journal point to the second journal point scanning the surface



WO 2004/013502 PCT/US2003/024989 reference to steps 145 to 155

above, then the total erosion is determined by calculating the averaff@dfARY 2007
WQRWOEIPRIons measured and multiplying that by 2 (ie. TotalP&rb3id0a3/024989

E(Ri) 1=1 To N/ N). Finally, in step 165, the fixture is removed. [0022]

FIG. 2 is a block diagram representing a groove measurement system, in

accordance with one embodiment of the invention, including a work piece

and éfdhtaibelpebitk S héhairfalaoas3HLWA axisted atalioied Zhnatylis Ap

230, a stylus 235, a gauge head 237, a surface scanner 240, and a

line 6’1’ rpetiofi ofstvius mptianadon \Wak thieeeighihbdypitatyrasnoion shaft
with grooves in it, or a motor sleeve with grooves, or a gauge pin used for

calceRiteeniigin gheta £sunkidls i algonitbimtidnaseip Al BsedNixsenusedp
mount and hold work piece 210 during profiling. Theta stage 220 rotates

140, WREIpiReet236-R RsJpeaifiedanasitiendtarafdifihandityieadly sncludeSia
servo motor or a stepper motor that can rotate work piece 210 from zero

line to 866 Hrpseepuitk & tasoliitiosdof hlsdegreds. fHetadiaDerd2Dro(®gs
work piece 210 about axis of rotation 225 that is typically set to coincide

for thiikhhthe symivdiycaidislatedorkpisioa Ot iyei caltyiathetestare (ROwilll
move work piece to three different orientations (0, 120, 240) wherein the
be cskariairg jope forraeditinashpgtbewtisdussedifistt feferetive podtiGus
anglg1 ?3(;7\/?20 degrees, resulting in three values Ri, Rz and Rs.
[0020] Next in step 150, the hub is rotated by 120 degrees to a
position of MIN+0+120 degrees. In step 155, a decision is made as to
whether the hub has been rotated to a position greater than MIN+6+360
degrees. If it is determined in step 155 that the position of the hub is not
greater then MIN+6+360 degrees, then steps 130 through 155 are
repeated. Typically, step 155 results in performing three scans and
calculating three erosion values Ri, Rz and Rs, at three different angles,
as was discussed with reference to step 145 above. Although the hub is
rotated by 120 degrees in step 150 it can be rotated by any amount such
as 30 degrees or 60 degrees, for example. There is no restriction on the
amount of rotation. If it is determined in step 155 that the position of
the hub is greater then MIN+06+360 then step 160 is performed.
[0021] In step 160, the total erosion is calculated by averaging the

three measured erosions Ri, Rz and Rz and multiplying the average by 2.

If N scans are performed instead of only three, as described with



[0023] The stylus tip 230 moves over work piece 210 by moving the

stylus 235 along the same direction as the axis of rotation 225. As tHEBRVARY 2007
WQRHKMS230 moves over the work piece 210, the stylus 235 P§GVES20§3/024989

10 5 FEBRUARY 2007 WO 2004/013502 PCT/US2003/024989 and

down according to the topography of the work piece 210. The movement

of the stylus 235 is detected by the gauge head 237, which in turn

refer@tiedueestelsstiiaal igrsts dbrepahse tthibedtuverosivofsyaisr2bied
which mimics the topographical changes in work piece 210. Gauge head

by cedddladihpreade ceelagtiotlgionaiseby siaansvalikraivarid theéipkyuolk
as by measuring the mechanical movement of the stylus 235 using a

that BigZOgEChiRab e roSRSUHTY(RIE copagitaNLe difiersiiyeihatvere slylthetip
230 and work piece 210 or by measuring the tunneling of electrons

fixtuRetweemihggtylus tip 235 and the work piece 210. Stylus tip 230 is
mounted to stylus 235 that holds and drives the stylus tip 230 as well as

[002@jovidesraGoapiing tsidbk Héagrgauge@seStiriace goaower 240 is a
conventional contact surface profiler used to move stylus 235 and stylus
meadipradteas weltasmidnosd cndlanaly xe dangesvacsirhynheeidstronics in
the surface scanner. Surface scanner 240 drives stylus 235 and stylus tip
inver2306rin i dirediion ofsiykipincti@i 045 whth ishuscklB1Sardletacstage
220, an axis of rotation 225, stylus tip 230, a stylus 235, a gauge head
237, a surface scanner 240, and a direction of stylus motion 245. Work
piecé 210 is typically a motor shaft with grooves in it, or a motor sleeve
with grooves, or a gauge pin used for calibration. Theta Chuck 215 is a
conventional chuck used to securely mount and hold work piece 210
during profiling. Theta stage 220 rotates work piece 210 to a specified
position for profiling and typically includes a servo motor or a stepper
motor that can rotate work piece 210 from zero to 360 degrees with a
resolution of 0.1 degrees. Theta stage 220 rotates work piece 210 about
axis of rotation 225 that is typically set to coincide with the symmetry
axis of work piece 210. Typically, theta stage 220 will move work piece to
three different orientations (0°, 120°, 240°) wherein the scanning is
performed as was further discussed with reference to FIG.1 above.
[0023] The stylus tip 230 moves over work piece 210 by moving the

stylus 235 along the same direction as the axis of rotation 225. As the

stylus tip 230 moves over the work piece 210, the stylus 235 moves up

10



the axis of rotation 225. [0024] FIG. 3 is a diagram illustrating scan lines of

a typical measurement done on a hydrodynamic motor bore with gtoFREARY 2007
WO (OdBFAG. 3 shows only three grooves there is no restrictRFTAMAG83/024989

number of grooves. Typically the actual number of grooves can be

between 10 and 20. The scan direction is from left to right, as indicated

by the direction of the scan line 330. Further details of the scan are 11 5

and E5PRHARYHAG 7 oWRE 2SS0 TEHA G200 Pie269BR0disthssed with
reference to FIG. 4 below. Scan line 330 is the direction along which

mové&hrbis BITMRoyea e G 8erisshsiedscd tietdlyysugetines2i3 3 T0GZhidH Gn
4 is a diagram illustrating a typical profile of the groves in the bore

turnipebing § e esigioal digmalend i@ sovrest peake hhoapeernt26r dybls
square line 425, and ECM radial erosion 430. Original diameter 410 is

235, datdgensiatrg i scapogr 24Diant chpresenis tvertopographyOof hauge
bore grove erosion pattern. Lowest Peak 415 represents the lowest part
headP e cdthprexsmndiatiainans gh aketitondetesrminl thedB@Mnaddialart
erosion 430. Apex 420 represents the uppermost point of the erosion
suchpatidon anshimuaisg udedite deteninmdentioy cEENItraflidl e adgios 230 Nising
least square line 425 is calculated using a
a piezoelectric, by measuring the capacitance difference between stylus
tip 230 and work piece 210 or by measuring the tunneling of electrons
between the stylus tip 235 and the work piece 210. Stylus tip 230 is
mounted to stylus 235 that holds and drives the stylus tip 230 as well as
provides a coupling to the head gauge 237. Surface scanner 240 is a
conventional contact surface profiler used to move stylus 235 and stylus
tip 230 as well as record and analyze data generated by the electronics in
the surface scanner. Surface scanner 240 drives stylus 235 and stylus
tip 230 in a direction of stylus motion 245 which is usually parallel to
the axis of rotation 225.
[0024] FIG. 3 is a diagram illustrating scan lines of a typical
measurement done on a hydrodynamic motor bore with groves.
Although FIG. 3 shows only three grooves there is no restriction on the
number of grooves. Typically the actual number of grooves can be

between 10 and 20. The scan direction is from left to right, as indicated

by the direction of the scan line 330. Further details of the scan are

11



least square fitting algorithm that is well known in the art. The least

square line 425 is calculated using the apex point and the original > FEBRUARY 2007
WQIRMHABISAZ 0 (Quiet Zone). [0026] ECM radial erosion 430 isRITittie@083/024989

the distance between the least square line 425, passing through the apex

and original diameter (Quiet Zone), and the lowest peak of the ECM bore

on the given journal. The ECM radial erosion 430 is determined using the

discitilspding envelieascd 2RI EB R BARYW 2 Braniin @ BRUGEE3H P direction
PCTIUS2003/024989 [0027] Ri = Radial Erosion obtained from the ith

alongCahi€lo28) N 5 2B BnbevekSead 2 dfi@2pbRdsd e tHRPtiHILe hidTibii0R3D]
Land Erosion = 2* Ravg [0031] FIG. 5 is a plot showing a typical scan of a
[002BdrodyRIGic4 motodbngeanittiiyrsuedidge xypisadifFiFilsd shthesgheves
scan length as 11.8 mm. The scan length is typically set to be between 5
in tHubaed2adudingltre sudgitenigfhidseheosdi @) bptinszebakh4peedmdx
measurement and resolution. The longer the scan length the longer the
420 nieastusgmeant hivik takS aad ViIECM nsalifherpsivis ©plesehtietheldepth
profile of the erosion pattern so that the combination of the scan length
diamaetdwépthis data generated by scanner 240 and represents the
topography of the bore grove erosion pattern. Lowest Peak 415
represents the lowest part of the of the erosion pattern and is used to
determine the ECM radial erosion 430. Apex 420 represents the
uppermost point of the erosion pattern and is also used to determine the
ECM radial erosion 430. The least squai'e line 425 is calculated using a
least square fitting algorithm that is well known in the art. The least
square line 425 is calculated using the apex point and the original
diameter 410 (Quiet Zone).
[0026] ECM radial erosion 430 is defined as the distance between
the least square line 425, passing through the apex and original diameter

(Quiet Zone), and the lowest peak of the ECM bore on the given journal.

The ECM radial erosion 430 is determined using the following equations:

12



profile gives an accurate view of the groves along the direction of motion
of the stylus 235. [0032] FIG. 6 is another example of a typical scan "-oRUARY 2007
WQRHWINGHAalysis and results of an outer bore erosion patter®CT/US2003/024989

measurement. The scan in FIG. 6 is obtained in accordance with this

invention by first aligning the surface scanner 240 with the axis of rotation

225 Chuck using a work piece 210, which is gauge pin having a size
[002%jual to the boRidiaRwdésl Bossiningtheigadgigin tdverithleogthn of

20mm does the alignment. The scanned profile should be a straight line
[0028&}h a maximum heighN diffNemtebefifeemihe ends of less than 30

microns. The alignment for the theta axis (run out) is done by positioning
[002D¢ stylus on the top oRirez EHHEEBRIMARW2007 WO 2004/013502

PCTIUS2003/024989 gauge pin and rotating the pin through one
[003@IMplete rotatidrariddEsbditn readipshould be constant through out the

rotation. Once the alignment is done, the theta stage 220 is taken to a

home position. The work piece to be measured is then loaded the part on

to the theta chuck 215 such that the flat portion of the work piece being

[003d¢asurefl& abthe atgicrshparalie bt dthicappeardyfecohitts etiins286.

The stylus 235 is then moved inside the bore such that there is about
motdd Bomenwiftirgveves. The x-axis of FIG. 5 shows the scan length as

11.8 mm. The scan length is typically set to be between 5 mm and 20
mm. The scan length is chosen to optimize both speed of measurement
and resolution. The longer the scan length the longer the measurement
will take and vice versa. The y-axis represents the depth profile of the
erosion pattern so that the combination of the scan length and depth
profile gives an accurate view of the groves along the direction of motion
of the stylus 235.

[0032] FIG. 6 is another example of a typical scan showing analysis
and results of an outer bore erosion pattern measurement. The scan in
FIG. 6 is obtained in accordance with this invention by first aligning the
surface scanner 240 with the axis of rotation 225 Chuck using a work
piece 210, which is gauge pin having a size equal to the bore diameter.
Scanning the gauge pin over a length of 20mm does the alignment. The
scanned profile should be a straight line with a maximum height
difference between the ends of less than 30 microns. The alignment for

the theta axis (run out) is done by positioning the stylus on the top of the
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between the edges of the bore and start point of the scan. The stylus is
then brought into contact with the work piece 210. The UCS of X ai@2RtgR" 2007
WeR8MAHBH827Zero and the work piece is scanned. The position RE THES2084(G24989
235 is then set on the Apex (for example, 2.5mm position) of the part and
the Y stage is manually moved to the lowest point of the bore. The theta
chuck 215 is then rotated to an angle where the stylus indicator indicates
gaughpinwest valugiinditaipintipreghneeotargpiote réthd dhet@ilahstiklus
215 is the turned about 12. This position is labeled as the 0 Position, for
readihg gioailiteeaidhe taeashremehtandtbervesaaioa . réderenchgoint.
[0033] At this time the UCS Xis set to 11.8 and Z is set to Zero as
alignitiusiraisciorfe G HS. tBrte shigeetROrisetikset theasbhamis posiéiand The
surface profile is measured. The profile data is illustrated in FIG. 6. Once
workthdata facbsaar asaoadpistéceth éodated sthaabhpae dhytontine dhe téradimgk
the highest point on the scan which is defined as the shortest distance
215 franhZHat The Dettpartidriodf ituicatedkipiEic. Beis ghmdassREEREA RN
2007 WO 2004/013502 PCT/US2003/024989 RI_Outer_Bore. The theta
top atalyp20léd totdted byp2tedggreb thmatiitis 438 mehsusbhienidards

performed to obtain a second measurement at a
then moved inside the bore such that there is about 11.9 mm of travel

between the edges of the bore and start point of the scan. The stylus is
then brought into contact with the work piece 210. The UCS of X and Z
is then set to Zero and the work piece is scanned. The position of the
stylus 235 is then set on the Apex (for example, 2.5mm position) of the
part and the Y stage is manually moved to the lowest point of the bore.
The theta chuck 215 is then rotated to an angle where the stylus
indicator indicates the lowest value, indicating the presence of a groove.
The theta chuck 215 is the turned about 12°. This position is labeled as
the 0° Position, for the remainder of the measurement and serves as a
reference point.

[0033] At this time the UCS X is set to 11.8 and Z is set to Zero as
iltustrated in FIG. 5. Once this reference is set the scan is done and
surface profile is measured. The profile data is illustrated in FIG. 6.
Once the surface scan is completed the data is analyzed by manually
finding the highest point on the scan which is defined as the shortest

distance from Z=0. The Delta z, which indicated in FIG. 6, is the
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second position called R2_Outer_Bore. The theta stage 220 is again
rotated by another 120 degrees and another measurement is taker? {§2- ARY 2007
WS BIXd measurement R3_Outer_Bore. Finally, the bord€isER03/024989
calculated using the formula: [0034] Ravg_Outer_Bore = [0035]
(Rl_Outer_Bore+R2_Outer_Bore+R3_Outer_Bore) /3 [0036]
Outer_Bore_Erosion = Ravg_Outer_Bore * 2 [0037] It will also be
R1_0eaegriZect bylthest stdllsthisetloarisiratatetilbsthi e an bdbe
described above in terms of preferred embodiments, it is not limited
saméeleieuyatios feaiurpsrdorhasgacts biainesabevendesor i trsventicat a
may be used individually or jointly. Further, although the invention has
secohdepaigdotibedliadRcantaxi oBivseinTPhastbntiatiotage Q8 tisLdgrin
environment and for particular applications, those skilled in the art will
rotateddghizedtiatitd 26elelness iandbh hivited theratm and ¢chatith eafesdnt
invention can be utilized in any number of environments and
obtaim EamatatiensutbrhdxE FRAU AR Y2 BFravV @'i2G0W/0IIBS0dre erosion is
PCT/US2003/024989 Claims: 1. A method for measuring bore erosion,
calcebrtgtisisgng the formula:

[0034] Ravg Outer_Bore =

[0035] (R1_Outer_Bore+R2_Outer_Bore+R3_Outer_Bore) /3
[0036] Outer_Bore_Erosion = Ravg Outer_Bore * 2
[0037] It will also be recognized by those skilled in the art that,

while the invention has been described above in terms of preferred
embodiments, it is not limited thereto. Various features and aspects of
the above-described invention may be used individually or jointly.
Further, although the invention has been described in the context of its
implementation in a particular environment and for particular
applications, those skilled in the art will recognize that its usefulness is
not limited thereto and that the present invention can be utilized in any

number of environments and implementations.
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a) aligning a stylus with a gauge pin; b) covering the length of a journal; c)
moving a stylus to an apex position; d) locating a grove minimum b3/ =oRUARY 2007
WoHdRaRub; e) rotating said hub to a fixed position; f) scarfifiguS2003/024989

between a first endpoint and a second endpoint collecting data during

said scan; g) analyzing said data by fitting said data to a line; h) locating a

lowest peak in said groove; i) calculating the erosion; 2. The method of
Clairgkgim 1 further comprising rotating said working piece by a fixed amount to

a second position; and repeating steps a through i at said second

1. Apesitiond Jor hecaalirateod clairersd sihey eorapiddixed amount of rotation is
120 degrees from position of first measurement. 16 5 FEBRUARY 2007

WD 20041 B0 G EWERADINREO88n4. The method of claim 2 further
comprising rotating said working piece by a second fixed amount to a third

b) covering the length of a journal;

c) moving a stylus to an apex position;

d) locating a grove minimum by rotating a hub;

e) rotating said hub to a fixed position;

f) scanning between a first endpoint and a second endpoint

collecting data during said scan;
g) analyzing said data by fitting said data to a line;

h) locating a lowest peak in said groove;

i) calculating the erosion;

2. The method of claim 1 further comprising

rotating said working piece by a fixed amount to a second position;

repeating steps a through i at said second position.

3. The method of claim 2 wherein said fixed amount of rotation is 120

degrees from position of first measurement.

16



position; and repeating steps a through g at said third position. 5. The
method of claim 4 wherein said second fixed amount of rotation is 2GR ARY 2007
W8I m position of second measurement. 6. The methRCATEANB/024989

wherein said fitting of said data to a line includes using a least square fit.
7. The method of claim 1 wherein said aligning of stylus with a gauge pin
includes measuring a gauge pin having a size substantially the same as

4. THeteéthbarefbimeter tubdsreasuretdsthhdhe method of claim 7 wherein
said measuring a gauge pin includes scanning the gauge pin over a
lengthtohd Gaid toca®ing. etbdmatbecbalicied/anhevein saial third
measuring a gauge pin includes scanning the gauge pin over a length of

posifibnaie 25mm. 10. The method of claim 7 wherein said measuring a
gauge pin includes scanning the gauge pin over a length of about 20mm.
1 e B BRY) AR LAGhr o2 @D410380h?C PRSE003/024989 11. The
method of claim 7 wherein said measuring a gauge pin includes scanning
the gauge pin along a line with a maximum height difference between the
ends of less than 30 microns.

5. The method of claim 4 wherein said second fixed amount of rotation

is 120 degrees from position of second measurement.

6. The method of claim 1 wherein said fitting of said data to a line

includes using a least square fit.

7. The method of claim 1 wherein said aligning of stylus with a gauge
pin includes measuring a gauge pin having a size substantially the same

as that of a bore diameter to be measured.

8. The method of claim 7 wherein said measuring a gauge pin includes

scanning the gauge pin over a length of 10mm to 30mm.

9. The method of claim 7 wherein said measuring a gauge pin includes

scanning the gauge pin over a length of 15mm to 25mm.

10. The method of claim 7 wherein said measuring a gauge pin includes

scanning the gauge pin over a length of about 20mm.
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12. A method of aligning an axis of motion relative to an axis of a work
piece, comprising providing a gauge pin having a size substantially’tH&" ARY 2007
W@aphieHs¥at of a bore diameter to be measured; scanning tRE HASge 1134989
over a length of 10mm to 30mm; and scanning the gauge pin along a line
having endpoints so that a maximum height difference between said
endpoints is less than 30 microns. 13. The method of claim 12 wherein
said measuring a gauge pin includes scanning the gauge pin over a
length of about 20mm. 18 5 FEBRUARY 2007 WO 2004/013502
11. PROE/wB2D08/024980m 172 wheystesdot measumggdargaargsipm includes
comprising: a gauge pin for alignment; a theta chuck for supporting said
scamyurkgpibeegaltietaistadertapalbie of itdtaimyasdioh thet d elgihok diffdreaide
work piece about an axis of rotation; a stylus tip for probing a topography
betvoeesaithovoridsieddessildsaid Wvoricpiecs is rotated; a stylus for
supporting said stylus tip; and

12. A method of aligning an axis of motion relative to an axis of a work
piece, comprising

providing a gauge pin having a size substantially the same as that
of a bore diameter to be measured;

scanning the gauge pin over a length of 10mm to 30mm; and

scanning the gauge pin along a line having endpoints so that a
maximum height difference between said endpoints is less than 30

microns.

13. The method of claim 12 wherein said measuring a gauge pin

includes scanning the gauge pin over a length of about 20mm.
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a surface scanner for measuring the response of said stylus to said

topography of said work piece and for controlling and moving said &fig8"R" 2007
WQRH¢H IFhection of stylus motion. 15. The system of claim 14P&/Keipn3/024989

said gauge pin has a size substantially the same as that of a bore

diameter to be measured. 16. The system of claim 14 wherein said stylus

tip is made of carbon. 19

14. A system for measuring bore erosion, comprising:

a gauge pin for alignment;

a theta chuck for supporting said work piece;

a theta stage capable of rotating said theta chuck and said work
piece about an axis of rotation;

a stylus tip for probing a topography on said work piece while said
work piece is rotated;

a stylus for supporting said stylus tip; and

a surface scanner for measuring the response of said stylus to said
topography of said work piece and for controlling and moving said stylus

along a direction of stylus motion.

15. The system of claim 14 wherein said gauge pin has a size

substantially the same as that of a bore diameter to be measured.

16. The system of claim 14 wherein said stylus tip is made of carbon.
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