1. . -AXI. AL BEARI NG FLY- HEI GHT MEASUREMENT TO DETECT O L DEFI Cl Y . .
BACKGROUND OF THE | NVENTI ON Field of the Invention The’Bﬁé?éﬁt“§5
nvention relates generally to hydrodynam c fluid bearings for notors. such
as are’'utilized in hard di'sk drives, and nore particularly to met h6&&>f or
det erm ni ng whether sufficient oil resides within the bearing follow ng
assenbl y thereof Description of the Prior Art Hydr odynam c fluid
bearing notors are utilized in applications that require high speed

reli abl e performance, such as in hard disk drives. Such notors have cl ose
tol erances and require the insertion of an adequate quantity of fluid into
the hydrodynam c fluid bearing during manufacturing. If insufficient fluid
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oper ati ona ;Lln?gtl ne(g?ﬁyhtémrlmt or n,g%g es ortengémsrlgggfl?iggﬁa?ﬁ%. H(l)vv\(/:e‘\{/er,
because such notors are sealed following the fluid insertion step, there
has-been no way to determne, followng sealing of the notor, whether
sufficient oil was inserted therewithin. Therefore, while an inportant
step in the quality contr & : [ON shoul d i nvol ve a

det érm nati on of

Field of the Invention

The present invention relates generally to hydrodynamic fluid bearings for motors such as
are utilized in hard disk drives, and more particularly to methods for determining whether

sufficient oil resides within the bearing following assembly thereof.

Description of the Prior Art
Hy-fdrodynamic fluid bearing motors are utilized in applications that féquire high speed
reliable performance, such as in hard disk drives. Such motors have close tolerances and require
. the insertion of an adequate quantity of fluid into the hydrodynamic fluid bearing during
manufacturing. If insufficient fluid is inserted into the bearing during the manufacturing process,
. the operational lifetime of the motor can be shortened significantly. However, because such
motors are sealed following the fluid insertion step, there has been no. way to determine, follow.ing

sealing of the motor, whether sufficient oil was inserted therewithin. Therefore, while an

important step in the quality control evaluation of such motors should involve a determination of




990 3 662- 6 ' _ - 2- whether
sufficient fluid has been inserted into the hydrodynam ¢ fluid bearing
during the manufacturing thereof, there has been no nethod to make this
determ nati on. The present invention provides a solution:to this
problemin a recognition that the fly-hgight of the hydrodynam c fluid

bearing is affected by the quantity of fluid wthin the bearing, and in the
devel ﬂop%ﬁ@eﬁ)ﬁu@"v’ébifé’éﬂ éﬁﬂ%ﬁé@ HBsfried r ingo ths Bydipodimamig, ﬂf“!‘ﬁiﬁ%@uﬁﬂgt R
hydr odynam c fluid bearing. As a result, the present invention provides a
devi ce anflufaetiding tHeedof,dhére has teen go nivthdd ty niwke ¢lis dedmtidetiohear i ng as a
nmeasure of the sufficiency of oil therewthin, and thus a neasure of the

qual ity of .t e MLRAt invention provides a solution to this oble TR G VreRdgnitin HRAYQRLT ON
According to a first aspect 8f the present invention there is provided a

met hod f,or deferm ni t he.syf.f.icienc fluid in h odynani | ui d
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bearing fly-heights for notors having a sufficient quantity.of fluid within
the hy dandiin thercveldpment efsmdaving anh sreduox fardeteromining the dly isight pfhe ydrodynamic
instfficient quantity of fluid within the hydrodynanm c fluid bearing

t her eof fluid bearing. AStaqedHltN{HE @résb%ﬁﬁimﬁb@ pideoh daviewdrd iethed fobeteppiningthe
fluid bearing notor; conparing said particular notor fly-height

W th sapd . flulid beari - L ' ] ' of
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not or . . According to a second aspect of the present invention there
i s proviteemalityAlihedaorsr determining the fly-height of a hydrodynamic fluid
beari ng conprising the steps of: generating a first signal

I ndi cative of the displacenent of a rotating conponent of said notor at a
ti me when said conponent is rotating at a maxi mum fly-hei ght;

generating a second signal Q@My@ﬁﬁ@g@mi@mmnt of said rotating

conponent at a tinme when sard conponen as ceased 1ts flying within its

hydr odynam cﬂ)leari n
¢ meth

& for determining the sufficiency of fluid in a hydrodynamic fluid bearing motor
involves making a first determination of a range of fluid bearing fly-heights for motors having a
sufficient quantity of fluid within the hydrodynamic fluid bearing, and for¥notors having an
msufficient quantity of fluid within the hydrodynamic fluid bearing. Thereafter, the fly-height of a
particular hydrodynamic fluid bearing motors can be determined and compared with the range of
hydrodynamic fluid bearing fly-heights to provide a determination of the sufficiency of fluid
within the particular hydrodynamic fluid bearing motor. Determining the fly-height of a particular
hydrodynamic fluid bearing motor involves the utilization of non-contact displacement probes that
generate a first signal indicative of the displacement of a rotating component of the bearing at a
time when the component is rotating at a maximum fly-height. The probes then generate a second

signal indicative of the displacement of the rotating component at a time when said component
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defernifing the difference between said first and second signals as an
i ndircation of the fly-height of said hydrodynanic fluid bearing of said

particul ar notor. According to a third aspect of the present
invention there is provided a hydrodynam c fluid bearing fly-height
measuri ng device conpri sing: at J east one non-contact displacenent

praobe, said probe being .disposed in a fixed relationship relative to a
conpopeBas S?asefgﬂfa fhjer St the hydrodyaamec brasingn gThendiffersnen betweer thel §zsh enght
upon rotation thereof; said probe outputting a displacenent distance

bet weerseandl sfgnabeisamgl isdicationosfpthe effyi-height of said hydrodynamic fluid bearing of said
-3 - a signal processor being operationally engaged to said probe
to=reéeby§ic@gpn§,{&re a first displacenent signal fromsaid probe when said
conponent 1s at a maxi mumfly- height, and to receive and store a second

di spl acenent .si gnal ,from sai.d probe. when said co nt, i s .dispposed at a
i nimam 11y~ Foie g savaniags 3F e fRfseaf intentiog: Gaca Sion dbr aerinifige i dvalfly of
di fference between said stored signals and providing an output signal as a
neasur e hpdrodynami¢ flyidiheaning moforssiaiptovidedr odynami ¢ f1 ui d beari ng. | t
is an advantage of the present invention that a method for deternining the

qual ity of hydisoshumesi ddvintiiied of €Y pregeniBivhGor TaPtRy sfitiency of fluid WithinSa
anot her advantage of the present invention that the sufficiency of fluid

W t hin ' - ] Lng. can be determ ned. It is a
further ﬁ%%é%?%gﬁ%%%%gg%n 'r’\?(éﬁ'ti on that the fly-height of
conponent s Oifd@ hydrodynam c flui d bearing can_be determ ned. It i1s
yet anot her & givapisge of dasopresanh iskitomtbettke ynhsight of campensaimelng ¢
fluid bearing notors are produced. It is yet a further advantage of
t he pr ebpdrodymaneafliuidrbesdigg canrherdeteadinkdr d di sk drive notors are produced.
These and ot her features and advantages of the present invention wll

becone appar @njs e ahblﬁ&%&%h{a%@%fitﬁb RSerft'ihvetBOA thet 3hRRed DGalo@iragith Hhid

detail ed description of the invention which makes reféerence’to e several

figures,of.the draw ngs. In the Draw ngs
Fig. 1 pganéxgép%tgrg_ageé@%ﬁ%(ﬁg1 view of a hydrodynam c fluid bearing notor
showi ng an enbodi nent of the present invention; Fig. 2 is a graph

depi cti ng t h& is xet aifustheadvantage off thp presengneyestion that improved hard disk drive motors

are produced. '. 3
These and other features and advantages of the present invention will become apparent to
those skilled in the art upon reading the following detailed description of the invention which

makes reference to the several figures of the drawings.

IN THE DRAWINGS

Fig. 1 is a cross-sectional view of a hydrodynamic fluid bearing motor showing an

embodiment of the present invention;

Fig. 2 1s a graph depicting the two displacement probe signals;
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4* . * Fig. 3is a graphical depiction of the addition of the two probe
signals during spin down; - Fig. 4 is a schematic diagram of the
signal processing logic of the present invention, . Fig. 5is a

gr aphi cal depiction of the relationship between the hydrodynamc fluid.
bearing fly- height ([err]) and the sufficiency of fluid within the

hydr odynam c flui d beari ng; - Fig. 6 is a graphical depiction of the
si ngl e pr obeFig 3 isa griaphical depiction ofthe additionhgfdheraorraabasignadsduring spix down; and
Fig. 7 is a schematic diagram of the signal processing |ogic of the signal
depi cted in Figd4 is Hschematic diagram of e i Prdobssiag| 6Pt oiNhEpresdt iieitre:RRED
EVMBODI MVENTS e Hydrodynzgirr?i c fluid beari nggngors ﬁg{/ee been

manuf'act ur edyf Ok . . t i i ; . I
Cat egor i oo, EiEap iR BapH L Seoictf b B lyonchRY oot o oo et ke afing
types of notaqrs, the manufacturjng tolerances of the hydrodynamc fluid
bear i ngfFoMEHK &M and the éuéé‘FWYs‘{fﬂ“@f within dee hyqsedynaqaic }%‘?"’“Féyi ng
characteristics of the rotating conponents can be obtained, and such

t ol erances gPBige6as b graphical depidion of thetswedaprobe signal foreamdtdting ehiaft bydrodyaratisic on
the order of 3-10 mcrons. Even where the bearing conponents have been
properlgea[;ﬁ‘g%&&t ypgd wthin the appropriate tolerances, a further factor
in the prop&r opération of such notors is the insertion of a proper anount

of fluid intg. the appropriate bearing.gaps. Typical.l ari o not or ..
corrpoz:antls agg' §§§Q%E}F ,t1|° W@fh’ﬂ%‘é}# E‘W%ﬁ’lﬁq?%w?‘/’f}g’\érsfé’&yﬁ?ﬁlﬁﬁbF%tor

and the notor is thereafter sealed. Significantly, the notor nust be
seal ed before it can be tested, and additional

DETAILED DESCR ON OF THE PREFERRED EMBODIMENTS

Hydrodynamic fluid bearing motors have been manufactured for many years. Such motors
may be divided into two general categories, stationary shaft motors and rotating shaft motors. In
both types of motors, the manufacturing tolerances of the hydrodynamic fluid Beérmg components
are very strict, such that the proper flying characteristics of the rotating .oomponents can be
obtained, and such tolerances generally involve gaps between rotating and fixed components on
the order of 3-10 microns. Even where the bearing components have been properly manufactured
within the appropriate tolerances, a further factor in the proper operation of such motors is the
insertion of a proper amount of fluid into the appropriate bearing gaps. Typically, various motor
components are assembled, the hydrodynamic fluid is inserted into the motor and the motor is
thereafter sealed. Significantly, the motor must be sealed before it can be tested, and additional

hydrodynamic fluid cannot be added to the motor after it has been sealed. Where insufficient fluid



:hydrodyham’ c fluid cannot be added to the notor after it has been seal ed.
VWere insufficient fluid

5 has been inserted into the notor during assenbly, the notor generally
fails early inits life cycle. However, there has heretofore been no neans
to determ ne whether sufficient oil hag been inserted into the notor
during ufacturing, and therefore no way to deternine if the seal ed

not or s g‘?g érfsé"c‘?‘f o gl?em?fﬁr Ayringasaembly, %ﬁ&?@r generally failp, gatky woits life; qyolent or
has di scovered that a rel ationship exists between oil deficiency and the
hydr odyHaweer,fthere aphereiofige béep-rivanesns to détermineswhethen suffigidntoll/vsbeen frseitel

bearings having a proper fluid insertion will fly within a predeterm ned
fly- hel @by the an@er dhiey an@RIUAIFSYE trd o) 9] deferrihe i idf ki S&Er[btto I d
insertion wll fly at a |ower fly-height, In@éci'onjunctiorliwitsh t |srfsapé

di scove ; fqr-neasuring the fly-height of the hydrodynam c
e S T BiGRY.

bedri ng SO oped. Therefore, with the utilization of the
hydrodynam c_bearing fly-height neasurement _system of the present

i nventi on, ahP Brepnd daveatorha disravsiddhae wlationdhup exists betgyeen od dgiciencyaand
properly manufactured notors and the fly-height range of inproperly

manuf acthergdrodihamhid fiigd beiriip! fly-Height SThat he it yramie fuid Bedtmps Baving a
utilized to test a sealed nbtor to detetn ne ether sufficient flui has
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contr ol ting of ydrodynam ¢ TTurt fore achi eyasol e.
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bear r]gthis discovery, a syﬁtem for measuring the fly-height of the hydrodynamic bearing has also been
developed. Therefore, with the utilization of the hydrodynamic bearing fly-height measurement
system of the present invention, and a predetermined knowledge of the fly-height range of a
properly manufactured motors and the fly-height .range of improperly manufactured, fluid deficient
motors, the present invention can be utilized to test a sealed motor to determind*'whether sufficient
fluid has been inserted into the hydrodynamic fluid bearing of the motor. Quality control testing
of the hydfodynamic fluid beaﬁng is therefore achievable. A detailed description of the invention
is next presented.

Fig. 1 includes a cross-sectional depiction of a standard, pdor art hydrodynamic bearing
motor 12 disposed between a lower plate 16 and an upper plate 20 of a device housing, such as a
hard disk drive housing, wherein the motor 12 is utilized to rotate a plurality of hard disks (not

shown) that are mounted thereon. To aid in the comprehension of the motor components, those

components which remain stationary are drawn as solid pieces, whereas those components which



ot or, 12 di sposed between a |l ower plate 16 and-an upper:- plate 20 of a
device housing, such as a hard disk drivée housing, wherein the motor 12 is
utilized to rotate a plurality of hard disks (not =~ shown) that are nounted
thereon. To aid in the conprehension of the notor conponents, those :
conponents which remain stationary are @rawn as solid pieces, whereas those
conponents, whigh . . . _ . : . 6
Fotate APBARSTHOWTn oSt section Vith the gxpeption dbat e hpsing plates, 16,9nd 30a7e shopet
plates 16 and 20 are shown in cross-section, though they do not rotate.

As depi éa ergss-sectipny though they dewobfotate | ncl udes a stationary shaft 24 having

t hreaded, axially disposed engagenent bores 28 and 32 forned therein.

Thr edded engmei?ietedsfm Feg\dl, 8f2 aoter 12iincludesd statiormnystmét 2hieavirigathieadet, wxially or
shaft 24 to the [ower 16 and upper 20 housing plates. As is well known to
t hose ski§ | f [ oMt S 4 ofpred
in the %g#%gc%&gégf%g Sﬂeg?%ﬁ’éﬁd ? g %}r{%%ilf gag}é];rr uiwg}?%g‘r# rgggg ur&lﬁngg&ré}gfg{si on of
t he hydraodynam ¢ bearing, A thrust_npl at 4 is fixedl aged (o the,
shaf t 241*1?%65&9 susage Destatinapy apotpbat g ta fherdoerd oo Sop 23?@85%9%% sis
beari ng characteristic of the notor 12, and chevrons (not shown) are

si m | ar Iwell krowmetd thosetskilledppdhe amca pluvadity b84EYT skpped chewens 4 are Herndar msthe
plate 44 to also provide fluid control during rotation of the hydrodynam c

bear i ng.suhade &FithethalO4 tcPProve Tuid BhtdD Bhrfing fotdtRon! SIS BRFodydamicObditifig. A
dynami c fluid seal by takling advantage of the surface tensi'on and capillary
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t hrough the axial bore 28 to a second air pressure .
hydrodynamic bearing characteristic of the motor 12, and chevrons (not shown) are similarly

formed on the upper and lower bearing surfaces of the thrust plate 44 to also provide fluid control
during rotation of the hydrodynamic bearing. A central portion 50 of the shaft 24 is recessed to
form a dynamic fluid seal by taking advantage of the surface tension and capillary action of the
fluid within the bearing, as is also well known to those skilled in the art} An air pressure
equalizing bore 54 which communicates through the axial bore 28 to a second air pressure
equalizing bore 60 is also provided in the shaft 24, as is known to those skilled in the art. A stator
88 is fixedly engaged to a stator mounting member 84 that is engaged to the stationary shaft 24.
Electrical coil windings 80 are wound around the stator to provide the electrical field that drives
the motor.

The movable components of the motor include a generally cylindrical hub 100 including a
centrally disposed sleeve portion 108 and an outwardly disposed wall portion 114 having a flared

outer edge 118. An annular space 122 is formed within the hub 100, between the sleeve portion



gqu‘al"i zi'ng bore 60 is also provided in.the shaft 24, as is known to those
skil'led in the art A stator 88 is fixedly engaged to a stator nounting
menber 84 that is engaged to the stationary shaft 24. Electrical coil

wi ndi ngs 80 are wound around the stator to provide the electrical field
that drives the notor. The novabl e conponents of the notor include

a general Ly cylindrical, hub 1 i.ncl udi a enbrajly di d sl eeve
porti onalfgfaangr{%e 4y H’le’ﬁ‘gf‘ 8?43 68?:3‘80‘%@%3 6‘8? :égh Aif%a%lgé P%b;lesaengf"%‘%e@ a
out.er- edge 118. An annul ar space 122 is formed wiithin the _hub 100, between
t he sl edwekipsrmerpber 134 which is engaged to the inner surface of the outer wall 114 of the hub 100. 7

108 and the outer wall portion 114, to surround the stator 88. A magnet 130

| s. erfgagat akial Bore 024Gk foarfedrtiitiggh the 4lewdel oitiors 108ngfaie iub 400,himdiansheuldsrildgice
of the outer wall 114 of the hub 100. An axial bore 140 is formed through

the sle B Eﬁlhr%t@d a&gﬂf% ﬂpgbte%eltag%r 19Protibly @?%E%Jﬁ?‘?ﬁmgt ate Wyt Dy @gveg?ﬁé ged

di aret er bore ‘section y engages ust ate 44. ver
plate 160Q.is fixedly engaged tqo the hub 10Q,0 he out board side of the
Phrust bbby cngagedid Hednibolob oo ciibeebses ichs Potft PR e art . ¢ he
maneaf acturing tol erances for hydrodynam c bearings are precise. Typically,

the gap 164 et isdewnite thosef skillbd iartte nitethel mannfachumg tokBineces fon hydredynamder
of 2-5 mcrons, and the gap 168 surrounding the thrust plate bearing

sur f acegehdngai@peate. TyRIARY, th B4 4 Rth We shéft DG aAB BidisREVBRE 14RiskAahe N
fluid, suchas an oil, “is inserted into the notor to occupy the sleeve gap
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plate 1?grg2r?SWhen the motor 12 is manufactured, a bearing fluid, such as an oil, 1s inserted into the
motor to occupy the sleeve gap 164 and &13 thrust plate gap 168 to the appropriate degree.
Thereafter, the cover plate 160 is fixedly engaged to the hub 100. After the cover plate 160 has
been engaéed to the hub 100, the hydrodynamic bearing surfaces of the motor are effectively
sealed and farther oil cannot be added into the hydrodynamic bearing if the oil Previously inserted
is insufficient. Where the oil is insufficient, the motor 12 will not perform properly, or will fail
~early 'in its life cycle.: Heretofore it has not been possible to determine after the motor is sealed,
whether sufficient oil resides therewithin. The present invention provides a solution to this
problem, as is next discussed.
Through experimentation, it has been discovered that a motor having insufficient oil will
have a low flying beight duting operation. Thus, the present invention provides a method for

determining the axial bearing flying height as an indicator of oil deficiency. As depicted in Fig. 1, -

in the present invention the upper housing plate 20 is formed with two access holes 200 and 204



beén endaged to the hub 100, the hydrodynanic bearing surfaces of the notor
are'effectively sealed and further oil cannot be added into the

hydr odynam ¢ bearing if the oil 'previously inserted is insufficient. Were
the oil is insufficient, the notor 12 will not performproperly, or wll
fail early inits life cycle. Heretoforge it has not been possible to
determne_after the notor is sealed, whether sufficient oi] resides

t her ewi & & norgentact displacemenicmeasaremsnbpiobe 219 a8 214 ioplaced Withia the,holes 280 as
i s nekt discussed. " Through experinmentation, it has been discovered
that a amt 204 hespetiyelynsTlid proben?21@ialnd @14 are heldeinaplacavwiithya slgeveeimghtbed 218 g
operation. Thus, the present invention provides a nethod for determ ning
the axi %&oﬁ@ﬁbﬂx@ﬂﬁ&doﬁh@& 13843 Han 82 ufillzdd) A S¥iPorteiit BinloteARAt the %%lro

Hes 21
depicted in"Fig. 1, 1n the present 1nvention'the upper housing ate 28 S

formed w t wo, gccess .hol es 200 204 . :

o and o bALAHR SR U O el ABRRH SR ke F5PiSE dns 96 5 1ha5 24, s et ey
within the holes 200 and 204 respectively. The probes 210 and 214 are held
i n pl acare\pladed 4887 apare Mmbeszzgfam 2 Hoargproidest toaneasurentha gape ik and228e
utifized. It is inportant to note that the two probes 210 and 214 and

pl aced Bétweeteths prode lead Aid tHe Sppen S&xfice 282 bhe hdb 108, Suithble deviadst whidh
and that they are placed 180[err] apart. The probes 210 and 214 are

provi ded. S . h
pper o P} BoBRGHEuddf o9 Bbrsis 10 nd 201 i B R Bl Bl B A i
function adequately as the probes 210 and 214 incl ude any non-caontact
di st anceevieasipbaserfapaciiansecrobe, gddy surent probaand ahete-optienh grobeq &y the prefered
probe and photo-optical probe. In the preferred

embodiment a capacitance probe is utilized.

It is therefore to be understood that the gaps 224 and 228 will change as the motor 12
operates and the hub 100 rotates. Specifically, when the motor 12 is disposed as depicted in Fig,.
1, which will arbitrarily be termed the “right-side-up™ configuration herein, the gaps 224 and 228
will be at their largest value when the motor is stationary. Thereafter, whinl the motor 12 is
operating a full speed, the cover plate 160 and rotating hub 100 will lift off of the surface of the
thrust plate 44 to achieve the operational fly-height of the motor 12. When this occurs, the gaps
224 and 228 will become smaller and the difference (A) in the distance measurement from the
probes will represent the fly-height of tﬁe motor. Where the fly-height of the motor is significantly
less than the pre-assembly design parameter, it is known that a motor assembly problem exists,
that problem typically being that msufficient oil has been injected into the motor bearing surfaces

during assembly. It is then known that the assembled motor is defective.



enbodi mént a capacitance probe is utilized. It is therefore to be
under stood that the gaps 224 and 228 will change as the nmotor 12 operates
and the hub 100 rotates. Specifically, when the notor 12 is di sposed as
depicted in Fig. 1, which will arbitrarily be ternmed the "right-side-up"
configuration herein, the gaps 224 and 328 w || be at their |argest val ue

when the notaqr is.stationary. .Thereafter, when e ot or IS _operating a
full speed, 1?1?{1‘5' &N’egraﬁlll deigts & Qgélﬁai‘lﬁﬁﬁ’e}’(ﬁ%gl&fwaﬂ%%ﬁqm aﬁgfyf‘ﬁe |
surface of the thrust plate 44 to achieve the operational fly-height of
t he not compRter direyitry B66 frouc the prohes @10 apd 214,2¢hezer signgl 40 is recsevsddroomprdber
and the difference ([err]) in the distance neasurenent fromthe probes

will Te FHI@%H?S%@I‘LE'!ZZﬂl ¥ 1 8ived Froff préthe) 14D tTAE sighkIS bR thit at b Yindeal iR th®moton 82

notor is signi ntly less than the pre-assenbly design paraneter, it is

known that .a.not.or assenbl | em exi t 0, ' i ng
that i nslﬁf?tg%ri“%?ﬁttopgﬁ oﬂ%pﬁ{&%ﬁ)ﬁﬁﬁéﬁﬁbﬁp 8‘%@2 }r?’r%ltilor ea%%/g%lg ?%Ja% ’a%glscﬂ
during assenbly. It is then known that the assenbled notor is defective.
9 refigcgs the faof thatgwihin tolerancese hediub uppsr Bufass ivalalthoughesubiantnlly fiag, is
sighal detection and analysis conputer circuitry 260 fromthe probes 210
and 214, typibsilyeasserabled abmewRati 6ff frefetrive forinad o fecdtstionddOshafl @4si Theaking Svavies
received from probe 214. The signals are taken at a time when the notor 12
I's rotat] e i i st ' S
afide %m%%_grsirsegp%d%ﬁ%gn%m?%s i Ekaéu&@ngto&(’ché gﬁ?&lm ﬁ%ﬂgﬁl

a sine wave, I C ects the fact that, wthin tol erances, the
upper sutf 32, although substantjally flat,.is. typically.assenbl
ot 23 (s, fa it Breps o Oen e riyhnng Ykzfibes bt 3 a5l

motor, it is typically the case that the peak to trough gap measurement experienced during one

rotation may be on the order of 60 microns. This differential measurement, termed the 'i‘otal
Indicator Runout (TIR), is a significant measurement in that it is- practically an order of magnitude
larger than the axial fly-height value, typically 4-9 microns, that is to be measured. Thus, if a
single probe, such as probe 210, is utilized in attempting to measure the axial ﬂy—h.eight of a
stationary shaft motor 12, the TIR is generally so 'large as to mask the axial fly-height
displacement measurement. To solve this problem, two probes 210 and 214 are utilized to
provide measurements for the rotating hub motor 12; and as indicated above, the probes 210 and
214 are disposed 180° apart at an equal radial distance from the stationary shaft 24.

In the preferred embodiment, the signal 250 from probe 210 is added to the signal 254
from probe 214. Due to the location of the probes 210 and 214 (180° apatrt), the two signals 250
and 254 are 180° out of phase. Therefore, upon adding the signals, the TIR of one signal cancels

the TIR of the other signal, and the resulting added signal 256 is depicted in Fig, 3.



nat’ ure of thesi gnal s 250 and 254 can also.result froma nmounting of the
thrust plate 44 upon the shaft 24 that is not truly perpendicular. G ven
the manufacturing tol erances of the assenbl ed motor, it is typically the
case that the peak to trough gap neasurenent experienced during one

rotati on may be on the order of 60 mcrgns. This differential neasurenent,
termed the Tota di cat or Runout IR), is.as anlcant asurenent _in
that it is pridepie WF%%?%PGE?“’ g hesizogial WL% €3 {qepotor 12
fly-hei ght val ue, typ| cally 4-9 microns, that is to be rreasured Thus, if a
singl e mmlﬂmgsamdﬂ 066 rpmabds i awial Ay-height @haamr@cmbamgepwemalydmgm)he
axial fly-height of a stationary shaft notor 12, the TIRis generally so

| ar ge’ aq‘h&g?n t thd RiofdF asaﬂmﬁddmltﬂmmdimﬁ&mtofwmmws dRws oAy e

this probl vvo probes 210 and 214 are utilized to provide neasurenents
for the tor a ndlc ed.above, fhe 21 nd
214" ar eﬂbqo@% éﬁ/ lgexélﬁ 3?{3%58& igt fiip O}éf‘%f”’ "'gp “Pr Yt ef’?Fé‘P the

stationary shaft 24 In the preferred enbodinent, the signal 250

f r om pr @sdoring sfoppedienianing andh hegixinl Ay-hemplt meanrerpens fapproximealy & wiarers. It

| ocati on of the probes 210 and 214 (180[err] apart), the two signals 250
and 254 isocbeidfedatiat ioFig 3athe rotdtitgy b4 fl-heigho at tdel zerg 14 frbitanynabigned Healdié R
of one si gnal cancels the TIR of the other signal, and the resulting added

si gnal iIE aéaﬁﬁl'ct%i% gg? hdd 4 %&1%x%'initial value which increases as the motor Tlows down. The

10 time zero (the horizont grap axi s
axial f %s aS%m%s?ﬁw Pracaly gipbed Grsm e sariog R IvBNe 2 DR SORr e o
the motor is turned off at tinme zero and the rotation of the hub 100 sl ows
down. Asnding gap signal value, which yields the fly-height, that is 7 microns. The signal processing of
the invention is next discussed.
Fig. 4 is a signal processing schematic for the device depicted in Fig. 1. As depicted in
Fig. 4, signais 250 from probe 210 and signalé 254 from probe 214 are fed to a signal adder 270.
'I'he;se signals are the 180° out of phase sine wave signals of Fig. 2, and theirdddition yieldé the
values shown i Fig. 3. The initial added signal value (Y) 278 (for operational fly-height) is
stored in a suitable memory storage device location. Thereafter, when the motor has stopped
flying, the final adder value (Z) 284 is also stored in a suitable memory storage device location.
Thereafter, the initial adder value and the final adder value are fed to a subtractor 290. The
absolute value of the subtractor output -Y-Z- is the axial bearing fly-height A.
The device and method described hereabove is therefore utilizable to develop a systematic

relationship between the hydrodynamic fluid bearing fly-height and the sufficiency of oil

therewithin. That is, utilizing the hydrodynamic fluid bearing fly-height measurement device and



t he hub ‘sl ows down t he axi al - fly-hei ght decreases, until at tinme of
approxi nately 67 seconds the nmotor has stopped spinning and the axi al
f1y-hei ght nmeasurenent is approximately 7 mcrons. It 1is to be noted that
in Fig. 3 the rotating axial fly-height at tinme zero is arbitrarily
assigned a value zero. In reality the gap has a positive initial value
whi ch incr the not or sl initial val

mat hermaUPERed Jersribed heeaberea 00 lﬁweh@%améctaﬁs gtpraes BRPRERICRHCh SR o
the ‘ending gap signal value, which yields the fly-height, that is 7

ni crons.is presetedindiigpf mey be dexglaped farfagpaitioutan tipe of ngnufeotured imntars.s 46 depicted
Fig. 4 is a signal processing schematic for the device depicted in Fig. 1.

As« depi Gihady i) theFeficalaxisefdadnts @ed ObsariAgd By-ABighSA goral nzo"mﬂaftyépysf
pr obe 214@2{%e fgd ttg a si genal addery27 Thesrelgél ghal's are. tlﬁie 180[err]

out of. phase si nal s of Fig. and_t tian elds

val ues sf8 aflﬁq% ga prqug}ts gﬁd%‘@??%a%é‘? &é*hﬁ{) IE‘or the
operatlonal fly-hei ht) is stored in a suitable nenory storage deV| ce

| ocat i orpartitwdar @t?momghm $een rtant o flyrheight & dess dhart 4 gigrgns indicates haguificiens
val ue (2) 284 |s al so stored in a suitable nmenory storage device | ocation.

Ther eaf tfiid, 4 Hg-height Adgrecidian Tahid@na iitlidate shiffefnt Adideind/a flydeghtbétaded 0 a
subtractor 290. The absolute value of the subtractor out put -Y-Z- is the

axi al begflng dy/ or ¢ u&n@cates a marlgu‘ﬂ]g Afiafi& ROEr. mi'h&o%xd?gﬁdapﬁgk drive

her eabove 1s theref I zabl e op a systematic atlonshlp

bet ween t he hydrodynanmic fl u| bear ) ht. and, the .su e

oi |t hePeiRF dfserbedeERn, 2 axpl Pﬁ%&f@%@ I%Bf'}og%%m‘i‘sclsﬂ’%ﬁ“g" %{etaﬁwervgﬁga tve
fly-hei ght measurenent device and

11 of a properly manufactured motor having sufficient oil for lifetime operation, whereas a A of less

than 4 microns indicates a poorly manufactured motor having insufficient oil, which constitutes a
rejectable part. Motors with fly- heights between 4 and 7 microns are questionable.

It is desirable to test motors in both the right-side-up orientation depicted in Fig. 1, and the
upside-down orientat.ion which is depicted herein by tuming Fig. 1 180%degrees. In. the
upside-down orientation the bottom side of the thrust plate becomes the oil bearing surface,
however the measurements taken by the probes 210 and 214 and the signal processing of the
probe signals 250 and 254 respectively, remains the same. That is, as depicted in Fig. 4, with the
motor in the upside- down configuration the signals 250 and 254 are added commencing with the
motor at full speed and ending with the motor stopped. The initial adder vélue signal (Y) 278 and
the final adder value signal (Z) 284 are fed to the subtractor 290, and the absolute value -Y-Z- of
the subtracted signal represents the axial bearing fly-height A. While it might seem that the

right-side-up A and the upside-down A should be equal, such is rarely the case. For a motor to



met hqd déscribed,hereabove, on a plurality of manufactured notors, a
graphi cal depiction such as is presented in Fig. 5 may be devel oped for a
particul ar type of manufactured notors. As depicted in Fig. 5, the
vertical axis represents the hydrodynam c. bearing fly-height [err] for a
particular type of notor and the horizd®t al axis represents the

rtio - mtor ri 2 repr |
U sonpdeoffiatt ther i tlihnd IEPHBR YAk of Blond 16 pghRAC LR hdiPfhe BorbPhC!
[ ffici fluid, fly-hejght t 17 m i ndi cat
St 1 i eerdgvin s ot Ve bR Gbe SBrdidErroge ohf-A0 BHEBnG 7 orons.

i ndi cates a margi nal performance notor. Thus, for a typical disk drive
not or* descr i bE presest inyverstionax alab applizabladp theyothtingyshiaft Aypefof hydrodynanconbearmg
considered to be indicative of a properly nmanufactured notor having

suf fici efbtof) wherélh th hib i§EixOR ARtk WnowhE RS skilleBifi lthehrt B SShch ks Ahe
m crons i ndicates a poorly manufactured notor having insufficient oil]

whi ch consti.t ut a_ .rejectahl ar.t Mtors wi.th fly- heights between.4 .and
7 cr orfSmgHle o Baclides € eyt feaiagk St Snise it B S8 P bR Rigg
thesright-side-up orientation depicted in Fig. 1, and the upside-down

ori ent atfoheightiwhenirstatingi Feresich a meater, dyinglgmenregnigpiglispiacegenipiehsrie pesitionedt he
upsi de-down orientation the bottom side of the thrust plate becones the oil

bear i ng @uhé asfral a9 WEHR Totalag KRGS W BEBtesits fcheighy Ripes B Dfaph ddfichungthdl4
and the signal processing of the probe signals 250 and. 254 respectively,

remai ns § ' . ' [ 1 | |

upsi do- Uah 310 BenebitBd oy Qe AXifFEMOLE oy Bip hrodtodeod e HRB 10 1 e

with the, notor at full speed _and _ending with the nptor stopped. . The

i L al SREIERVE & BTG naloyys0 and 330 ot e crERSmR B  d o Grasq Sy

284 are fed to the subtractor 290, and the absolute value -Y-Z- of the

subt r actmrdbe isgloatted ap tleseamtes dfiretation af theeshaftngnd Hyesheit grperencer {heVWIR| of the

m ght seemthat the right-side-up [err] and the upside-down A should be

equal , sy AispBied probdie2 1038 2120 TR SiBHaP brdeBssing for the single probe signal 310 is
presented in the schematic of Fig. 7. No adder is required, as was necessary with the two probes
of the first embodiment. Rather, the initial signal (V) 314 at full speed rotation is stored in a
memory location and the final signal (W) 318 at zero rpm is also stored in a memory location.
Thereafter, the signals are fed to a subtractor 324 and the absolute value -V-W- of the subtractor
output represents the axial fly-height A. As with the prior embodiment, an acceptable value for
A indicates that sufficient oil has been injected into the motor, whefeas a low value for A
indicates insufficient oil, and thus a rejected component. Of course, as indicated previously with

regard to signal processing for the motor 12, the axial fly-height of the motor should be measured

in the right-side-up and upside-down orientations to fully evaluate the motor.



12" be acceptabl e the axial bearing fly-height when the notor is L
ri ght-side-up and-when the notor is upside-down should both be within the .
accept abl e range of 7-10 microns. _ The present invention is also
applicable to the rotating shaft type of -hydrodynam c bearing notor, _
wherein the hub is fixed. As is known ti® those skilled.in the art, in such

notors, the at.ab f 1. lnclude 00y 1 i A0 ; S
it to fly atVQB%?g%éb%?%?ﬁ%gﬁhgﬁy@%élg'tﬁ%ﬂéﬁgggﬁglﬁﬁg. J? g%@hpgﬂﬁgﬂﬁf, a
si ngl‘e non-cont act . di spl aceiment probe is positiqned af.the central axjs of
the rot SFOpdmentss it iste bauadusteod that alfeatigas mﬁﬁg%ﬂoas pisthe, prgsent mvertinavilh
the signal 310 generated by such a single probe. Initially, it is noted
t hat "t hbeqnadaosingo shos8skilled i the tirtaxpos raviewiny the psceding detaidet deseniption of i and
254 fromthe enbodi nent depicted in Fig. 1, because the probe is |ocated

at the ¢RRbEsn Oft §OHRIFAD iRfenddieby MRS tnveAdf (R ake Tollovi Rl eBver Nl ThdR' of
the- radially disposed probes 210 and 214. The signal processing for the

single obe si gnal 0.is , presented in the schemati,c.of Fig. 7. No adder
isr equgﬁ%tat,“’rﬁ?ga&?dﬁ%@eté% ’Wi't‘ tﬁﬁg“‘? W AOG5eYPe %#hetlﬂvemg?r?st enbodi ment .
Rather, the initial signal (V) 314 at full speed rotation is stored in a
menory | ocat “Whmatdoldimkse final signal (W 318 at zero rpmis also stored in
a nmenory |location. Thereafter, the signals are fed to a subtractor 324 and
t he absolute value -V-W of the subtractor output represents the axial
fly-height A As with the prior enbodi nent, an acceptable value for A
indicates that sufficient oil has been injected into the notor, whereas a

| ow value for [err] indicates insufficient oil, and thus a rejected
conponent. O course, as indicated previously with regard to signal
processing for the notor 12, the axial fly-height of the notor should be
nmeasured in the right-side-up and upsi de-down orientations to fully

eval uate the notor
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73 ‘ " . Wile the present invention has been.deseri-bedwith reference
to certain preferred enbodi nents, it is to be understood that alterations

and nodi fications of the present invention will . H&”’ﬁ"p” ose
skilled in the art upon review ng the preceding det mn of the
I nvention. It is therefore intended by14he inventor that the™f of | ow ng

clains cover all such alterations anéLms‘ ications that include the true
spirit and scope of the invention. VWhat | claimis:

- 14-° Al V5 A net ho det uf fi.ci.el of fluid
in a hyd odynérﬂ‘%tﬁ?q for ge g’ﬁﬁ n%ﬁ‘gﬁliﬁg &‘Wg“’é b‘ﬁcel earnng motor

determ ning a range of fluid bearlng fIy hei ghts for notors having a

suf fi'ci esompyiséogtthe stepsfoff | ui d wi thin the hydrodynamic fluid bearing thereof
and for notors having an insufficient quantity of fluid within the

hydrodynanm C dddthihib®a'rhii dffRiEBéaring fly-heightsiol Giotore hiMind H@uﬁibﬁénﬂ"@iaﬂﬂiy ¢f a

particul ar hydrodynam c fluid beari ng not or ; conparing said

o provi @éﬁd%%’iﬁﬁwﬁé‘?ﬁ%ﬁsﬂ% L T

particul ar rodynam c fluid bearing notor. 2. A nmet hod as descri bed
in clai neffl UI wiradsoamie @#d bearegtheseafy the fly- height of a
parti cul ar hydrodynam c fluid bearing notor includes the steps of:

determining the fly-height of a particular hydrodynamic fluid bearing motor;

comparing said particular motor fly-height with said range of fluid bearing ﬂy—heights. to
provide a determination of the sufficiency of fluid within said particular hydrodynamic fluid

bearing motor.

2. A method as described in claim 1 wherein said step of determining the fly-height of a
particular hydrodynamic fluid bearing motor includes the steps of: B

generating a first signal indicative of the displacement of a rotéting‘ component of said
motor at a time when said component is rotating at a max1mum fly-height;

generating a second signal indicative of the displacement of said rotating component at a
time when said component has ceased its flying within its hydrodynamic bearing;

determining the difference between said first and second signals as an indication of the fly-

height of said hydrodynamic fluid bearing of said particular motor.
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n —
geﬁer:atfng a first signal indicative of the displacenent of a rotat
conponent of said notor at a time when said conpohent |sumﬂaﬂ|‘m|\awi%’lw
maxi mum f | y- hei ght; "~ generating a second signal

di spl acement of said rotating conmponent at a time when said corrponent has
ceased its flying within its hydrodynansc beari ng, determ ning the -

di fferenge bepWRGRoFA Heskiib&i irPBFinSQ ifi | seidehyirefmatic' e GRhrim ikfuded @

fly- hel ght of said hydrodynam c fluid bearing of sai d particul ar  notor.
3. A 13 scribed i i.m 2 wherein said hydrodynamic fluid
bearing ¥ &Qﬁéﬁpﬁg’f% tg}é?“t% 9% on and a rotating hub portion.

4, A net hod as descri bed inclaim 3 wherein two di spl acenent probes
are utilized to obtain said first si gnal and said two displacement probes
are utilized to obtain said second signal. 5. A nmet hod as descri bed

in claim4, vieetiod s debdrited S8tk i3spheieif 1%6 displaokterg probesarsutilizéd teobtpimobe
signal and a second said di spl acenent probe generates a second probe

si gnal , ggpﬂr o1dols) bk ] e wth
sai d second pro ellgrlugnacﬁt&d&%la ?%r_?) %%ﬁ%ﬁ%sﬁ{gscrl es(f]?,tﬂlﬁﬁ claim
5, wherein a signal fromsaid first probe and a signal from said second
probe are added together to generate said first signal. 7. A net hod
as described in claim6, wherein a signal fromsaid first probe and a

si gnal fx om sthmbt}mdmsmidsqniberﬂ)m claien ckdertitt @ fest bad displagement prabe prhetatee a divst
si gnal . A nmethod as described in claim?2, wherein said

hydr ody nzsg %ﬂaﬂ' fld BRBE0nA Ga A AR Rt SrObA ARG RebodOSbbOf RN wherein

st ati onary hub porti on.

said first probe signal is 180° out of phase with said second probe signal.

6. A method as described in claim 5 wherein a signal from said first probe and a signal from
said second probe are added together to generate said first signal.

2
7. A method as described in claim 6 wherein a signal from said first probe and a signal from

said second probe are added together to generate said second signal.

8. A method as described in claim 2 wherein said hydrodynamic fluid bearing includes a

rotating shaft portion and a stationary hub portion.
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9. , A net hod. as descrl bed in cI aim1, wherei ﬁﬁw ,i" ar e conducte

with said notor in a right-side-up orlentatlon and HHHIH“I
conducted with said notor. in an upsi de-down ori enta net hod

for determning the fly-height of a hydr odynani ¢ fluid bear | ng corrprl si ng

the steps of: generating a fird€ signal indicative of the
di spl acérent Ainethodais aksoniped dnplaite twinkein aaid steps are anducted with shidnmeter th a
conponent is rotati ng at a nmaxi mum fly-hei ght; generating a second

si gnal dgﬂc Cﬁ&é— ﬂtﬁﬁ&h ddrﬁip%jﬁfﬁ t%?f)?targ cordtloftd WitR (shdOnGRATA Whgﬁ%e-ao‘;vﬁ e

when sai onpon as cdease wthin i1ts hydrodynam eari ng;
deternlnl g %he dlfference bet ween sald flrst and second signals as an

i ndi cat i% ®%-he fly-hei ght of said hydrodynanic fluid bearing of said
particul ar notor. 11. A nethod as described in claim 10, wherein said
hydrodynam c fluid bearing includes a stationary shaft portion and a
rotati ng hub portion. 12. A nethod as described in claim1l, wherein
two di splacenent probes are utilized to obtain said first signal and said
two di splacenent probes are utilized to obtain said second signal. 13

-

A net hodgas o be
gener at gs a ?’rrsp{%?‘g’b&“"‘ lﬁgg%gymgécon salc{yﬁ%\n@ acghn%ﬁ{g

signal, and vvherel n said f| rst probe signal is 180 out of phase vvlth sal d
second ﬁ%b@ ‘signal . 14. A net hod as described in claim13,
wherein a signal fromsaid first probe and a signal from said second probe
are added t ogehdisting o figstruigral éndicatisre fof tist displgevaient of a rotating component of said

motor at a time when said component is rotating at a maximum ﬂy—height;

generating a second signal indicative of the displacement of said rotating component at a
time when said component has ceased its flying within its hydrodynamic bearing;,

determining the difference between said first and second signals as an indication of the fly-

height of said hydrodynamic fluid bearing of said particular motor. 8

11. A method as described in claim 10 wherein said hydrodynamic fluid bearing includes a

stationary shaft portion and a rotating hub portion.

12. A method as described in claim 11 wherein two displacement probes are utilized to obtain

said first signal and said two displacement probes are utilized to obtain said second signal.

16
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15. A net hod as descrrbed in ¢l ai m.14, -wher ei n fromsaid first
probe and a signal fromsaid second probe are add Qﬁm' y’,tuﬂ”ﬁerate
sai d second signal . 16. A hydrodynanmic fluid cl h ‘
measuri ng devi ce conprising: at | east one non-cont act d|§placenent
probe, said probe being disposed in a fi%ed relationship relative to a
conmponenB. of Asmethol\adrdesoritediin cldimi 12 {whabmngﬁrdnamdahtplmmaprbbqghmﬁgm a
upon rotation thereof; said probe outputting a displacenent signal related

to.the digt sighdl ‘¥ 3o ﬁd@ﬁﬂb gﬁg it Sgro%’gé RE81RE a second rob@s 8Nahd

processor el ng peratr onal 'y engage obe 1o receive an st’ore a

first digplace nal fromsaid probe when said conp is at a .
maxi fium Vm??én;? ngﬁa‘gpﬁl 15 @i oLphese pah said second pp bgﬁfggcenent si gnal
fromsaid probe when said conponent is disposed at a m n| mum f | y- hei ght;

sai d signal processor determning the difference between said stored
signal s and providing an output signal as a neasure of said fly-height of

sai d hydsody paffetholi| adi dbsiftdli il Blaim 137 wherein®e d@hthﬁorﬁi‘sameﬁﬁf poBéE ahd aCdighan

16, wherein said probe is a capacitance probe. A devi ce as
describ n.cl ai I urrent probe. 19.
A devi c?gglss xﬁ)érgb?%@ pg%oé%&ﬁé%e%?aﬁé g%‘?ﬁ‘esgg%ﬁg is a photo-optical
probe. = 20. A devi ce as described i-n claim 16, wherein said

hydrodynam c fluid bearing is formed between a stationary shaft nenber and
a rotating hub nenber, and wherein two said probes are disposed at a

180[ er r I5anglAemetidtasr ddsaribedein tomimal 4l wherdefi & signhlufiormesidefirsaprbbes and astigidal
menber, and said two probes are di sposed at an equal radial distance from
sai d sh i@%E aim 20, wherein

di spl acerren “S gnnd mﬁ%%maarlgéla%g&g&% &egﬁ‘?%ﬂp grtldegr1 ﬁal%e said first

di spl acenent signal, and wherein

-17- _

16 A hy&odﬁa@c fluid bearing fly-height measuring device comprising:

at least one non-contact displacement probe, said probe being disposed in a fixed
relationship relative to a component of said hydrodynamic fluid bearing that ag};ieves a fly-height
upon rotation thereof; said probe outputting a displacement signal related to the distance between
said probe and said component;

a signal processor being operationally engaged to said probe to receive and store a first
dispiacement signal from said probe when said component is at a maximum fly-height, and to
receive and store a second displacement signal from said probe when said component is disposed
at a minimum fly-height;

said signal processor determining the difference between said stored signals and providing

an output signal as a measure of said fly-height of said hydrodynamic fluid bearing,

-
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di spl acenent signals fromsaid two probes are added together to determ ne
sai § second di spl acenent signal.

18 17. A device as described in claim16 mherermm

p
capaci tance probe. 18. A device as described jigmssdal.m 16 wherein said
probe is a eddy current probe. 19. A devi ce as M”Wm&”wm i m 16
wherein said probe is a photo-optical probe. 20> ¢ ﬂdescri bed
in claim 16 wherein said hydrodynamic fluid bearing is formed® b&tween a
statiénary shaft nmenber and a rotating Rgb nenber, and wherein two said

probes are disposed at a 180 angle apart relative to said rotating hub

menber ang. saiAldehesf ds deediiied in elatin 16 aiherelnvvaidyrolRas aapacitacp@scse. at an equal

radi al distance fromsaid shaft menber. 21. A device as described in

cl ai m 20 wherein displacenent signals fromsaid two probes are added

together to determine said first displacenent signal, and wherein

di spl acenent si 8nal s from said two probes %re added .t oget her {)é) determ ne
1n sai y current probe.

sai d secdfd di’sBFa criheq fipplaim 16 where probe is a ed

19. A device as described in claim 16 wherein said probe is a photo-optical probe.

20. A device as described in claim 16 wherein said hydrodyﬁanﬁc fluid bearing is formed
between a stationary shaft member and a rotating hub member, and wherein two said probes are
disposed at a 180° angle apart relative to said rotating hub member and said shaft member, and

said two probes are disposed at an equal radial distance from said shaft member.

21. A device as described in claim 20 wherein displacement signals from said two probes are
added together to determine said first displacement signal, and wherein displacément signals from

said two probes are added together to determine said second displacement signal.

—_—
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