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15 Background of Invention
Disc drives, including magnetic disc drives, optical disc drives and magneto-

optical disc drives, are widely used for storing information. A typical disc drive has
one or more discs or platters which are affixed to a spindle and rotated at high speed
past a read/write head suspended above the discs on an actuator arm. The spindle
20 is turned by a spindle drive motor. The motor generally includes a shaft having a
thrust plate on one end, and a rotating hub having a sleeve and a recess into which
the shaft with the thrust plate is inserted. Magnets on the hub interact with a stator
to cause rotation of the hub relative to the shatt.
in the past, conventional spindle motors frequently used conventional ball
25 bearings between the hub and the shaft and the thrust plate. However, over the
years the demand for increased storage capacity and smaller disc drives has led to
the read/write head being placed increasingly close to the disc. Currently, read/write
heads are often suspended no more than a few millionths of an inch above the disc.
This proximity requires that the disc rotate substantially in a single plane. Even a
30 slight wobble or run-out in disc rotation can cause the disc to strike the read/write
head, damaging the disc drive and resulting in loss of data. Because this rotational
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' repeat runout. However, to be effective, the pressure-generating grooves must be
very accurately defined, both as to shape and depth, on a high-speed basis.
One generally known method for producing the dynamic pressure-generating
grooves is described in U.S. Pat. No. 5,758,421, to Asada, (ASADA), hereby
20 incorporated by reference. ASADA teaches a method of forming grooves by
pressing and rolling a ball over the surface of a workpiece to form a groove therein.
The diameter of the ball is typically about 1 mm, and it is made of a material such as
carbide which is harder than that of the workpiece. This approach and the resulting
fluid dynamic bearing, while a tremendous improvement over spindle motors using a
25 ball bearing, is not completely satisfactory. One problem with the above method is
the displacement of material in the workpiece, resulting in ridges or spikes along the
edges of the grooves. Removing these ridges, for example by polishing or
deburring, is often a time consuming and therefore a costly process. Moreover, to
avoid lowering yields, great care must be taken not to damage the surface of the

30 workpiece.




60/ 337,333 filed on Novenber 8, 2001, entitled AUTOVATED MACHH NE CONTROL
GAP FOR CONI CAL FLUI D DYNAM C BEARI NG ECM GROOVI NG, i nvent eg @x‘{ @H,ventor
Dustin A. Cochran. The priority of this provisional appliCa8i iR ai med

and this pxisau@eal application is incorporated herein b@t]r,@g‘(,%%%e. 10
Field of Invention This invention pertains generally to the field of fluid
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moved. This approach, while an improvement over the earlier one in that it does not
20 produce ridges that must be removed, is also not completely satisfactory. For one
thing, this approach like that taught by ASADA is typically not suitable for use with
harder metals, which in addition to being more difficult to machine are often brittle
and can be damaged by the chiseling action. Moreover, because each groove or
portion of a groove must be individually formed and the workpiece then moved, the
25 process tends to be very time consuming and therefore costly. Furthermore, the
equipment necessary for this approach is itself expensive and the metal-removing
tool is subject to wear and requires frequent replacement.
Another method for producing the grooves involves a conventional etching
process as described in U.S. Pat. No. 5,914,832, to Teshima (TESHIMA), hereby
30 incorporated by reference. TESHIMA teaches a process in which the workpiece is

covered with a patterned etch resistant coating prior to etching so that only the
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As the result of the above problems, electrochemical machining of grooves in
a fluid dynamic bearing has been developed. A broad description of ECM is as
follows. ECM is a process of removing material metal without the use of mechanical
25 orthermal energy. Basically, electrical energy is combined with a chemical to form a
reaction of reverse electroplating. To carry out the method, direct current is passed
between the work piece which serves as an anode and the electrode, which typically
carries the pattern to be formed and serves as the cathode, the current being
passed through, a conductive electrolyte which is between the two surfaces. At the
30 anode surface, electrons are removed by current flow, and the metallic bonds of the
molecular structure at the surface are broken. These atoms go into solution, with




10 above nethod sinply will not work to manufacture fluid dynam c bearings
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into manufacturing costs. The present invention provides a solution to this and other
problems, and offers other advantages over the prior art.
25 The present invention provides a solution to these and other problems, and
offers other advantages over the prior ar.

Disclosure of Invention
The present invention relates to method and apparatus for electrochemically
30 etching grooves in a surface of a conical bearing to be used to form a fluid dynamic

bearing.
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25 pressure of pumped electrolyte.

Since the electrolyte is pumped at a constant pressure, the electrode will
reach an equilibrium portion along the Z-axis with the electrode pattern facing the
conical surface, thereby controlling the machining gap.

In a preferred form, the electrode slide assembly is intended to be near

30 frictionless in the direction of movements relative to the conical element (the Z-axis).
The slide assembly is further designed to have a very high force versus
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bi ased el ectrode which is nmounted to automatically adjust the gap between
t he el ecBriefiBegeriptioh ®f Deawipggce i n response to the pressure of the
electrolyte igflow, with current.flow rate bei ng hel onstant. |n
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el ectrode assERHI®2$ayerpicALRRstopal e ah phukvilizad ina Spipdigmeterdn die ch
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Figure 3 is a vertical sectional schematic useful in illustrating the process of
20 this invention.
Figure 4 is a vertical sectional view of apparatus invention which may be used
to implement the method of the present invention.
Figure 5 illustrates a method of calculating the gap used in carrying out the
invention.
25
Detailed Description of Invention

Fig. 1 is an exploded perspective view a magnetic disc drive for which a
spindle motor having a fluid dynamic bearing manufactured by the method and
apparatus of the present invention is particularly useful. Referring to Fig. 1, a disc

30 drive 100 typically includes a housing 105 having a base 110 sealed to a cover 115
by a seal 120. The disc drive 100 has a spindle 130 to which are attached a number




whi ch conprises a el ectrode wei ghted or biased by a known mass and novabl e
15 along the Z-axis. The electrode includes, on a face whi ﬁhMé\?Ij& @e
aligned across a mnmachining gap fromthe workpi ece a pattePn p oves

whi ch are ™o @asteii ned on the workpi ece; the pattern cop@fisesssepnductive
el ements so that the necessary current flow between the workpiece and the

el ect r ode GReLP ¢35 Fadidyl siltRides A20tddercd ﬁlﬁﬁ taié{gﬁehé i Ftbt! Mo ZJO'I hrough
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Figure 1 is an expl oded view of disc drive in nica aring

15 machi Hedgiever eragiansedi4i %%nt%rts iwelklgiann dn [thisufield Lof; fluid dynamic
bearings, fluid will fill the gap between the stationary shaft and the inner grooved

20 surfaces of the sleeve. As the sleeve rotates, under the impetus of interaction
between magnets mounted on an inner surface of the hub which cooperate with
windings supported from the base of the hub, pressure is built up in each of the
grooved regions. In this way, the shaft easily supports the hub for constant high
speed rotation.

25 The pressure generating grooves on the inner surface of the sleeve can
easily be seen Fig. 2. They include, in the example, two sets of grooves 230, 232
for the upper cone and a corresponding set 234, 236 for the lower cone. This
particular design also utilizes two journal bearings 240, 242 to further stabilize the
shaft. Obviously, the present invention, which is directed especially to a method and

30 apparatus for making these grooves rather than the design of the grooves
themselves, is not limited to making this particular combination of grooved designs.




Figure 2 is a vertical sectional view of a hub utilized in a spindle notor

in the disc drive of Fig. 1 show ng a dual conical bearing V\ﬂ @s of a
type which may wusefully be formed by the present |nvent|on8 ‘@u? U3 is a

vertical seadépasbr schematic useful in illustrating the ps@sess;s&he 20 this
i nvention. Figure 4 is a vertical sectional view of apparatus invention
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5 illustrates a nethod cal cu atlngt e gap use carry ou
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havi ng ngrfaces 140 _covered ic media (not shown

magnet i cal'? JIEeN S 'MH%*@HBM Qﬁf’n”lg é’gp’ﬁél beatngs beeriises RGN aicwr@tm:ty
figure) isslesassodiiteddiiftéonicd pléﬂ§toﬂ6ﬁ4ﬁél¥€ it tdﬁ‘fl&ﬂﬁf?ﬁco]rﬂw%l MY §initét of

suspended above surfaces 140 of the discs a - suspensi on armassenbly
150. In f¥&Son, spindle notor rotates 5 the di scs 135 at hi gh speed past

the ngad/ wri t gvesasis, el el hgaidSRaRe aBoPlh RES Hiltinfnde hdIRyES 2"

positions the read/ wit over one a severa
tracks (ﬁ@araatﬂﬁmy:onmmt wqrbmcert@eie@uoﬂwgalpe Asdéscribtd dboveptids gapd wite

of “the. qpsisho8 e MaRimbio e eBflra bl 6rafRE bt , Betselfo HHELANERIE  onal

view of bedririgss tl‘pqompcarthrbg aldié acauracyedf grodves isihath flaRPdyrizenié Meafifg

wth o op@igehy, SodnBihe tBPcrelAiARLiotatnBe FipRroass alin: Ristamosta swieghoov os

whi chsf obetweka viyih @dr,agarrbcﬂhear floig igtmhaihtafriaePRy formt & AyRaticf Qishigpt &4 1 on.  As
a shaft (not shown) is inserted within

th
It he sl ee@’?ﬁq%%“f%'eﬁ%ﬂb‘s d 8| H’aﬁggémﬁfﬁ& cughiona @ deaghiopf of A skrfacasoin cal
regi ons fiecasdlibel lﬁteTnB?sﬁh%/@f théthub%dlﬁeé\?e 38 Brd Vi whi §rodes MificiPear i ng

region. The shaft would further include a
induce fluid flow in the interfacial region and generate a localized region of dynamic
high pressure. The grooves are separated by raised lands or ribs and have a depth

20 generally of about 0.009 to 0.015 mm. It is readily apparent that it can be extremely
difficult to form grooves having these small dimensions that are relatively closely
packed on a surface. To this end, the work piece, which in this case is the hub of
Fig. 2, is placed in the grooving device shown in Fig. 3. The apparatus for forming
grooves using ECM is shown especially in Fig. 3.

25 The system shown in Figure 4 provides an accurate, repeatable method of
forming the workpiece of Fig. 2. The workpiece is located on the base 404, which
includes an electrolyte inlet 401 and supporting plenum 403. The workpiece rests
on the plenum 403 so that the electrolyte does not flow or leak away. The
electrolyte is supplied at constant pressure for the reasons explained below. The

30 slide electrode assembly 410 can be used to carry out the ECM process. The slide

electrode assembly in this embodiment comprises a static portion 412 and a




snmoot h center section which would cooperate with the journal bearings
defined by the grooved regions 214, 216. As is well-known é:rMH“ ﬁ@é]l el d of
fluid dynamc bearings, fluid will fill the gap between fh at2 ary
shaft and wheosidver grooved 20 surfaces of the sleeve. Aspdigsoshasy e
rotates, under the inpetus of interaction between magnets nounted on an

i nner sur, ; WG [ ' ' [ fromthe
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eove cAyramkeBigha b BRBACta g, S e fd flFlacS o o B oot
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boar i igs 240, TOAZIG ASTBES WEGh P ISR o the e P, owkik spResent
| nvent i omwaytfionh thesmathipiHgega 426 & alppbrtéd i thRt hedtyanatictiesstnaethert for
maki ng these grooves rather than the design of the grooves thenselves, is
not |imi ¥dhe gfamleﬁgerttm the,agroslatic aIdeedﬂ%ﬁ%ﬁeﬁe@m@ﬂé@@wm&e@m. 8 - B
MAY 2006 a@&n@ﬁb@%ﬂp%lﬁg{&%/\%ﬁﬁﬁa sulfaEes #PBPLE thd Q@orﬁ‘ﬂ@?é AoyS §Rd method

| d to ma g e a single a

descri bed coul d be ‘use e the” grooves Insi cone or
si ngl e c&iRstrelytp ahigh gy usiedhtoa cegiaty| estpllishnand raiatdim gher cahdattiveo gap

coopgpat iRyt e W?@Eﬁggﬁﬁaéé)ﬁﬁ@%notfﬁﬁ\% ?Qﬁaqe': 48 g\f/"@g &ﬁ%@%?{eﬂg}ﬁl s of

coni cal bearings cou ave one or nore sets of gro
5 the prdddéris pumpedtintontrer gap @#20ein e prowrainannepp | The bumping providesghany

dosi on. _FIFERELE 3 RRLR Julpw] a8 dFdipdeladd s Blilk af¥riy | nf ng
coni cal He4r 418 sedeb t@ s prassufeaby wicving ugwardi A16h@ Ihé Fed@d A1E dwel tifongoni cal

parts of {.en ke it difficult to control the dianeter_of the cones. 10
G ven thhe, wp 'qgsSWe%tjj’ﬁ%?Pgh Rigcdefiped,gap drPn Fhemaseae ctiogs t hat

wi |1 15guanané sp of HenGlb6tredl A Ksdeinfhe 419 hakes bretdfbRasy fohse ﬁ?ségﬁ@ed
above, this gap .distance is paranmount” to the accuracy of %roove ept h.

Consi der FRRYrHiNG dacign das estaklighinggthe machining rgamdeladive t e the caongtapt of
grooves | ' ' i : | el atively
ot at | ng RoRod, 41 blivbihd piessue, 16R iBAat TN tnar KT Blorefbid e |
film or Magpinsteadhefinspring:in this systam,begausmspringfonteohangesastd function on

o The P AbRBRASR, ARG B B fER kB ing Diht? BT Dot
whi cB0 may be apparent to a person of skill in this field and are within the scope of this
invention.

When the position of the slide assembly 416 will reach equilibrium with regard
to the cross-sectional flow area, hence controlling the machining gap. As noted
above, the slide assembly 416 is infended to be near frictionless in the z-axis

25 direction 440 so that the gap dimension 420 is preferably established by the
pumping pressure of the electrolyte versus the defined space of the gap; and the
mass or force 432 which biases the slide assembly toward the gap.

Considering the operational diagram of Fig. 3, the Figure shows, in schematic
form, the operational concept herein. Specifically, the Figure 3 shows the workpiece

30 300 having an opening for the shaft and bearing cones which will be inserted later to
complete the bearing assembly. The dynamic element 310 is also shown,
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induce fluid flowin the interfacial region and generate a |ocalized region
of dynam c high pressure. The grooves are separated by rai ﬁﬁﬂA\T%gﬁ; or
ri bs and have a depth 20 generally of about 0.009 to 0.015 t1s
readi |y appay@niidohat it can be extrenely difficult to feFmy@seayses havi ng
these small dinmensions that are relatively closely packed on a surface. To

this e”@po%hi%nlé@rd&rﬁseﬂ% g&ﬁiﬁl’h%n’i e shifac b%fll.tﬂ&ebgu&ﬂ%d. Fitrﬂe s?atici S
pl aced in the groovin evice shown in Fig. 3. The apparatus for formng
grooves BieTAGNEENR i of waraséatisc skide ys idefired).to3proxiiieTiae highs feroe skecus i n

Fi 4 i . t d i t h kpi

o 'Fi g.  SerpceEm PRI RE ek Bnd PRGN SIEbR oBlnent RodhEP ke B
el ectrol yudace4d8 of the sslide sepraing aoguraienalignéd3relative tooihspsutiaees @sbe  on

th l.enum 40 t hat lLectrolyte. d n fl Kk . Th

el cct Pol SRS S siRcablyy amareRrdpribaliiie. Shis ashemplabe BRpbiathed

bel ow. TieaRfg Jpetating! &t tal n%e. PRSURS YalchR 1001 pap WARRUa tvdrf &nfiall Ridfialt he ECM
process. The sli %330 el ectrode :ilssenbl y in this enbodi ment conprises a

static pGlEaHIres0%hm o £-803me) \paiween shevrneving slemenbdts Ly thesitio
dynami ¢ %le@‘rﬁ@rﬂWé.l‘lAN\@dﬁhithFﬂééK@ﬁ o@u§i‘ﬁgqggta!e\’&é§ﬁce§ﬂc{]eo%c srﬁadﬁ'foqghg

pattern on a surface 418 which is to b fined on the surface o

wor kpi ecd@tioyill becself-seading,oyhighivill keemihet ECM eJpelsalvtet auteof driticed atags in20 and

the ggrf olBé : wor kpi eces by a mass or force 432. 5 The dynam c
el enent {?'v%fcé ?%Q{r?g{’/g ee' along the z-axis 440 toward and away fromthe

machi ni ng gapTheOpertisnalpeortcegt fsothat klestrolgter is ysupplied itrolgls sherbotoref by
the stati . t rost at i lide, Initially the electrade is
poSi t i onlte}f? g’%’ﬁﬁg"{&’ zrdgifﬁ§?a<§rtﬂée éé‘@'@éﬁ?@%ﬁé“ﬁ&‘%ﬁwﬁswaﬁé@%ﬁ% of the
wor kpi ec equilifriur lie readdhedt Theyrhachihinggapsthes bcbmesr £ atitical &fifiad)] I ¥ @nd

mai ntai n theF conduct | @n%aﬁ 1&{@&% ween t he workpi ece sur,{l]a?e and conducti ve
surface #1% fofr§ RECYGHRlCONEP e cippg gecti Bhed Wih&ways bodhen a
knowns masa@e, herte the Wiohthind §ip UAPaditbmatically e’ sdtybiBhal witheathbdakd t(E”OW”
pressure. The el ectrode and the slide asseibly 414, 416 react to the

pr essur e M AHSHBCMpwar d al ong the z-axis 440 away from the working
surface 428 ttes4abl S8 prefdhSolf cdetaidnsd by 42p- 432 ACkig 15 on
the top of the el ectrode Fgl I de gsseﬁl y 412( fﬁlasprgg%}rgggﬁ‘bﬁt%ﬁg?%e to be
the confOWPreidny againgl theodistaltensl ok e gynamicnelemant rij Oyaghisssamevair t o t he
const ant t BB : IS4 L : at it
is pref e?_raegFg'%f gpﬁgeg%l 3€§rrwass I ng!tOt @ggﬁ'ﬁ?mg ésl%)rrnleﬁtghﬁan)(ﬁﬁ%lg{sgﬂg;egﬁr@%ﬁ%%cause
spri 2@ fbigcd) preveptsselastrolyteufromi entering the gap, establishing at least in part, the
self-sealing effect. '
Fig. 5 is used to illustrate the results of a regression equation used to
calculate the gap under certain operating conditions. The equation is:
. The regression equation for predicting machining gap:
25 G = 198175 — 0.505(P) + 0.322(Q) + 0.0049(P% - 0.0009(Q% -

0.0013(P)(Q) 6= 1.15 uM R? = 97%
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of displacenent. Alternatives to a constant mass acting on the slide 416
assenbly 20 may be apparent to a person of skill in this fiﬁleﬁl\,aqgﬂgare
within the scope of this invention. Wen the position of "t % ide
assenbly 43 Wdsloof €ach equilibriumwith regard to the Cf@ﬁﬁgﬁgﬁﬁﬁona

fl ow area, hence controlling the machining gap. As noted above, the slide
assenbly 416 {yp,d;gtended to be near frictionless in the z-axis 25 direction
440 so that the gap dinmension 420 is preferably established by the punping
pressure of tBapdGeotmrgnse versus the defined space of the gap; and the
mass or forcep43 i&h. Bhases the slide assenbly toward the gap.

Consi dering tﬁé*%ﬂ§$Q§5bE§f diagramof Fig. 3, the Figure shows, in
schematic f oFlow (d)dn apitless sei@readimgsept herein. Specifically, the Figure 3

shows_t he wor kpj ec 30 300 havin n openi.ng for the shaft and bearing

cones whi ch \Ak(cﬁl Cad\gbq CRwerted to Q?té'g' &‘H" E%ﬁﬂ{'tgggsteﬂé'a%‘&iri ng assenbly. The

dynam c el errep[o\,\ﬁ(;“gmnﬁsaé;sﬁ;)s@pgn, 10 - 8 MAY 2006 WD 03/041901 PCT/ US02
e

/ 35820 positioned across t gap 312 fromthe surface 314 to be defi ned.
The static el enentesisbavg demensieated thatithis aquation pragigls heidap gndoihiuge a

hi gh for f et A5SUTRRS k9~ N the x and y axis of the dynam c
el enent g§x¥ﬁéﬁﬂﬁﬁggﬁ@?Llng Zé??§%£&b18 of the slide remains accurately
aligned relative to the surfaces to be 5 grooved 428 and 430. It is
preferred that the slide assenbly be an aerostatic bearing operating at a
hi gh pressure (about 100 psi) with a very snmall radial clearance (0.002 to
0.003nmm between the noving el enent 416 and the static elenment 412. An
addi tional benefit of using the aerostatic slide mechanism410 is that it
will be self-sealing, which will keep the ECM el ectrolyte out of critical
areas in 10 the electro static slide. The operational concept is that
electrolyte is supplied through the bottomof the workpiece; The force of
the el ectrolyte displaces the electrode upward until an equilibriumis
reached; The machining gap then becones a critical orifice; If P, Q and F
are accurately controlled the cross sectional flow area will always be the
15 sanme, hence the machining gap will autonmatically be established w thout
the need to nmake adjustnent. The force F is preferably established by air
pressure froman air supply source 350 against the distal end of the
dynam c el enment 310. This sanme air pressure, in the gap 360 between the
dynam c el enent and the static elenent (see

12




20 Fig. 4) prevents electrolyte fromentering the gap, establishing at

| east in part, the self-sealing effect. Fig. 5is used to illustrate the
results of a regression equation used to calculate the gap under certain
operating conditions. The equation is: The regression equaji fﬁh
predicting machining gap: 25 G = 19. 18175 - 0.505(P) + 0.73 2@& 0. 0049( P)
- 0.0009(@) - 0.0013(P)(Q a =1.156MR2 = 97% 11 - 8 MAY 2006 WD 03/041901
PCTf US02135820 Where Gap (G in mcrons Pressure (P) in PSI Flow (Q in
unitless scale readings 5 (Q can be converted to actual flowrate with
this equation: Flow (nf/mn) = 3.84 (Q-31.9 Tests have denonstrated that
this equation predicts the gap, and thus groove accuracy, wth about 97%
accur acyWHADISKAAINHAT | S CLAIMED: 1. Apparatus for electrochemcally
etching grooves in a surface of a conical bearing to be utilized in a
fluid dynam c bearing, conprising a frame for holding the cone about an 5
axi s andl.f aci Agpaatw Varisiectalcbetniane ehtirapgeoatoing dufecaxit &, cdritwl @keafiig ode

bei ng axﬂoeﬂel Mlhzég)ﬁwuﬁj a%}gmnﬁ% B%Ogﬂ o ng}rq%o(f%rrrqe%/ # ﬁ%@{r\g B§¥§n$ 8 '{3@{ o

fix on an inner surface rce o Blunped
at a ¥ i xe# FchiaciHopr exyable ¢lacteodsemasebletdieng erdxisc theoslediheenbaiad losially

el ect r oq@o@le LRE HAMG o %E@%rr?%g@&ro%%‘% ﬁéP\ 1%'}& Sh ér% f?wHePstu}If'oéé i ?h for

supporting the el ectrode for novenent tovvar d away rom
surface G he cone with mininmal frictional restrl ction, and a force

bi asi ng t he ®bRsts @d@le&%lﬁ@% bOVBMpebng d RREY st&htd E%%ré’-’?of& *b%hﬁ&é}ffh%o t hat

the gap t el ectrolyte fl ows between the I nner ace of

the coneé't ?u%? 8&89@&"10&&9'%‘?"‘1%@ BB rce| o fee@ei ned primarily by the
st atiioc fl ow ramicea efatichtuge &ﬂtstxp;bcyi’tnﬁg anglelebBod®erembldthe@ftolify ah@ RIgCt rode
toward the 4 nner surgface of con
from the Innersurface of the cone with mlmmol frictional restriction, and a force biasing the
electrode surface tfoward the inner surface of the cone so that the gap through which the
electrolyte flows between the inner surface of the cone and the surface of the electrolyte
is determined primarily by the static flow rate of the electrolyte and the force bias of the

15 electrode toward the inner surface of the cone.

2. Apparatus claimed in claim 1 wherein the static frame comprises an aerostatic slide,
the electrode moving along the axis tfoward and away from the inner surface of the cone
supported primarily by an air bearing in the gap between the static frame and a dynamic

20 element supporting the electrode.

3. Apparatus as claimed in claim 1 wherein the electrode is a conical electrode and
comprises a groove pattern on an outer surface thereof, the grooves to be formed in the
surface of the conical bearing being defined by the groove pattern.

25
4, Apparatus as claimed in claim 3 wherein the radial clearance between the

dynamic slide and the static frame is about 0.002 to 0.003 mm.
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2. Apparatus clainmed in claim1l wherein the static frame conprises an
aerostatic slide, the electrode noving along the axis toward and away from
the inner surface of the cone supported primarily by an air bearln |n t he
gap between the static frane and a dynanic 20 el enent suppbrMAhg08

el ectrode. 3. Apparatus as clainmed in claim1l wherein the el ectrode |s a
conical electrode and conprises a groove pattern on an outer surface

t hereof, the grooves to be forned in the surface of the conical bearing
bei ng defined by the groove pattern. 25 4. Apparatus as clained in claim3
wherein the radial clearance between the dynamic slide and the static
frame |s abou us as .cl ai med
in claima coL rci’rglprsi' Osgl%%\ﬁgé%gnm élcronﬂﬂné'ggﬁlrsguécﬁp? %@Qggu&eﬁé{)ph&pgi)éhe end
of the dyistanerd of ihee:iymm slide walhisio :stdm ﬂsweuocreea:rf i meqwressmcte sugpcets the
supports - ] I 0 radi gh the static

el gﬁent ,d{@%g{%{&g%ﬁ?ﬁr@g@%e& L hg‘%agfjtst '%JTS Ihrl’%é]"sgfefssuéeal i ng
to keep Wﬁ@mﬂw@?@ﬁﬁmwﬂéfmﬁmeoﬁlf eeqht\gdalkee@ tzg EQNI élepftdmeeealueot cuificet at i ¢
slidg qmegp@qﬁ@égéﬂggogggkgpd inclaim5 wherein the air pressure in the
gap between the dynamic elenent and the static element is sufficiently
high to provide a high force displacement ratio in the x and y axes

relativesto tASHRAIS BlcRIGeWM Qf&lrﬁ fsa,vﬁééeﬁrfhé o%%r@s!s@r@ﬁﬂ%é P Ve (H'ret hat

t he wor ki ng surface el ectrode surface of the slide remainS accurate

al i gned PEPHYT RePeNtt HRA J0p ritic elemsat gt é‘dﬁ)‘é@"“wh'gﬂpﬁhpﬁvﬁ Qsh'@hafnorﬁé?d in
claim 1 avpedcinferitheti®imshex ame ydyrarertied egehé dRdalofl SAiEP A IINBME t he
Conlﬁfl urf ace is esta L fﬂgg g%ﬂf essur e g inst a distal end of the 15
dyna n'f MEVNASBAPg ¥ S RIS RS e PEIME IS [Fredlure s
defi ned du:;cumfelyp:ﬁ@memvemtr@isnﬁ@bef\lottbe @rooeédi encl osing at |east the
distal end of the dynamc elenent. 20 9. A device is clainmed in claim7

further conprising a source of electrical potential to be applied to the
wor kpi ede  arfibrsire@ios 0o déoimed pe clidine] whetdie ted ©etsrafcdad dyoteit emant emid ng a
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is carried out Is determned primari ween rode

sur fl&ce HAEMIGRIeMERkr surface of the cone. 25 10 Appar atus for

el ectrochem cally etching grooves in a surface of a conical work piece

conpri sing . , _
8. Apparatus as claimed in claim 7 wherein the pressure is defined by air pressure

contfained with a cell enclosing at least the distal end of the dynamic element.

200 9 A device is claimed in claim 7 further comprising a source of electrical potential to
be applied fo the workpiece and electrode respectively, the electrical potential creating a
fixed current rate across the gap so that a rate at which an ECM process is carried out is
determined primarily by the gap between the electrode surface and the inner surface of
the cone.

25
10. Apparatus for electrochemically etching grooves in a surface of a conical work
piece comprising

means for fixedly supporting the work piece in the apparatus; and
means for biasing an electrode bearing a groove pattemn to be etched in the work
30 piece along an axis and across a gap from the conical surface of the work piece, and

means for supplying electrolyte to the gap.
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means for fixedly supporting the work piece in the apparatus; and neans for
bi asi ng an el ectrode bearing a groove pattern to be etched in the work 30
pi ece along an axis and across a gap fromthe conical surface of the work
piece, and neans for supplying electrolyte to the gap. 14 1 1. Apparatus
as clained in claim10 wherein the nmeans for supplying el ectgr Ayt gjs5o the
gap cooperate with the neans for biasing the electrode to thereby set the
gap. 5 12. Apparatus a clained in claim1ll wherein the nmeans for fixedly
supporting the workpiece conprises a frame for hol ding the workpi ece about
an axis and facing a novable el ectrode novable along the axis, the

el ectrode being axially novable and having a surface carrying a groove
pattern to fix on an inner surface of the workpiece. 10 13. Apparatus as
clained ih cIapmrmusmemadimmnem\zyhérem tap pleging (or sligaying bigtBolyieadophd se a
source o tl ssure rate bet ween
t he sur%a@gggééretg®m®§b %Orgﬁec @tfhg aé c’frﬁéeﬁ%ﬂ\&r&%ﬁsr ? aceddt the cone.
14. Apparatus as clainmed in claim1l wherein the neans for biasing the

el ecty odp, 15A@95F§mss& c@on%eat.h i< § PLhQh Tﬁélnnoc;r#s' a0 f&&ﬁy %u&ﬁ] .rgqi?hé or

novement towar fromthe I nner surface the ¢
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surface hevasd diderddengovabief @eeg Ahe I8, %n&e§ﬁo<§é‘@e ngh@x@I?}meb%BH%h whi ch
the electrode fl ows between the 1 nner surface of the cone and e surface

of the POGTBYPPSAENSARRREP RIS XOmHgn iRer %Jffa?? ef thegveretiegae
electrolyte and the force bias of 20 the electrode toward the inner

sur f ce f the cone. clalne in claim14 wherein the nmeans
For ety Cuiines o Rt e aal) SURT dot TaSarb by GpMEL SRBHONE ) n
t he wor kcp:rmmee aboutceart etodt®lydantb tb@pummgea at rixad sritie | peskire detemanabbe tHd ong

t he axi Ssurf&@eeoterhg(ﬁjicfv%g% QS%%C!:% a&“da novabl e 25 having a surface

I Y d
carrying a groove pat nee'l?lnelrﬁl‘r'{oceo q?a%% 9f the wor kpi ece. 16.

A nmethod for electrochemcally etchl ng grooves in a surface of a conical

bearing 14t 0 Be dHrdb %chlzlén%e@ IF‘I'(’:‘”JIH’] Q¥W&n l?ﬁé‘rrﬁ&g] lb§ TCP]g eEI‘echF ae for

hol di ng the cone about an and facing a nova nova
al on@ t HONAXe a stale fetuefor é}ﬂ@OtﬁfélgnT@e&Jﬁ@fpﬁ? f@Oﬂmﬁm@hféO\aﬂw drao/ gy aomur i ace
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electrolyte at a fixed static pressure rat ween t he
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which the electrode flows between the inner surface of the cone and the surface of the
electrode is determined primarily by the static flow of the electrolyte and the force bias of

20 the electrode toward the inner surface of the cone.

15. Apparatus as claimed in claim 14 wherein the means for fixedly supporting the
workpiece comprises a static frame for holding the workpiece about an axis and facing a
movable electrode movable along the axis, the electrode being axially movable and

25  having asurface carrying a groove pattern to fix on an inner surface of the workpiece.

16. A method for electrochemically etching grooves in a surface of a conical bearing
to be utilized in a fluid dynamic bearing, comprising a frame for holding the cone about an
axis and facing a movable electrode movable along the axis, the electrode being axially

30 movable and having a surface carrying a groove pattern to fix on an inner surface of the
cone,
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supporting the electrode for novenent toward and away from the inner
surface of the cone with mnimal frictional restriction, and biasing the
el ectrode surface toward the 5 inner surface of the cone so that the gap

t hrough which the el ectrode fl ows between the inner surface of the cone and
the surface of the electrode is determned primarily by the static flow
rate of the electrolyte and the force bias of the el ectrode toward the
inner surface of the cone, 10 17. A nethod as cl ai med i n«cgadA¥ 280bwher ei n
the static frame conprises an aerostatic slide, the method including the
step of noving the el ectrode al ong the axis toward and away fromthe inner

f f th ily b
et ween he. SPUTPEC TENEIR a8 dYRA P Bibi R ROFEPRGPE R er el fofie. 15
18. A netbedblasledtradaedditine mhalsmrfdzé’emhmeelqmetdnm el ectrode is a coni cal
e hod  mel OebpBBRGIRE Bifir g0 /Y TR Ao B ALY 1 SHH SRR NFEES [ e

met hod i ncl udi  OOVES On thé conica eari
as defi nibg dgnet With mirdvel fgatierey restrictien. rastchbidising tine h@pfrpqti@wrmqagfoamrd the

el ecty | c,ﬁherrgeffeég b@iheao%%' seqhaﬁng%pmr&gh%c@% SLERS IO fSws 6&%888% yely,

the electrical potential creating a current rafe across
that a 20N¢rdtEces ohiiectPnenatiiepiugees ©f ke elactodrl Ismfewefép@ﬁmmbm ’rhe

pri mari | §okY fiol hetelaPinBes ¥Rl ot iR me_eﬁ;fré&@ﬁuswfﬁéfeﬁ’e&%@et R il face
of the cone. 19. A nethod as clainmed in claim 18 including the step of

est abl i sWAg® PHESIKCRE: of the dynamic el enent and el ectrode toward the
coni cal surface by air pressure against a distal 25 end of the dynamc

ele s. cl aim.J19 wherein the air pressure

Cet ol sHad AT i S ecih b Hyaeh Boal Badiime HaAmpis Shqa e giceront
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the wor Ky’ surface Sl JLEFE 2 1T PP IRBPTPRP DI WG 9 oag PR,
al i gned bagivaen the static fireng andl actyntimidbelegreobspgortb@ the electrode.

15 18 A method as claimed in claim 17 wherein the electrode is a conical electrode and
comprises a groove pattern on an outer surface thereof, the method including forming the
grooves on the surface of the conical bearing as defined by the grove pattern, the method
further providing an electrical potential applied to the workpiece and electrode
respectively, the electrical potential creating a fixed current rate across the gap so that a

20 rate at which an ECM process is carried out is determined primarily by, the gap between

the electrode surface and the inner surface of the cone.

19. A method as claimed in claim 18 including the step of establishing the bias of the
dynamic element and electrode toward the conical surface by air pressure against a distal

25  end of the dynamic element.

20. A method as claimed in claim 19 wherein the air pressure established in the gap
between the dynamic element and the static element sufficiently high to provide a high
force displacement in the x and y axes relative to the axis along which the dynamic
30 element is moving so that the working surface electrode surface of the slide remains

accurately aligned relative to the surface to be grooved.
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