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'Jh• presant inV•ntiort rela-te• to i:he ~~•14 · ot 
hyQ:~amie bearing a••mliee o~ the 'type Wh1~·S>r01tide 
•Ul>P'*' •ncl :r;tat.ion im:: bi9h •peed •»indl• •leme~~. Mor• 
apeoltioally, the ~·••nt inv•ntion r•lat:)ls to 
hyarod.yna•ic ~.-ring a1aalllbli•• ut1111•4 in tlla'.c:iom»ut.r 

• 
4Ua drive ncsor~itt9 ayat••• · ·· 

~1• aJp1ic:at1on ia a Coi\ti~uation•in-p&J.'~ of u.s. 
appU,aatiori s~ial No. 08/219,199 riiaa July 22, 1994,. 

incorpora'ted heriiin bl' reterence t th• invaJtt:.1on 1}1 Z'elatad 

to and may be '1••4 ift cro=ton with th• invention it.t:aolo••4 
1n •ttomey d.ook•t nuinber• A-C0203/JAS filed ~'·lll•9o, 

serial No. 08/I03,5d&, A•IS04S5faAs :iiad oa ... 30-9~'. seria1 
Ho. unJmown and A.-5918S/3AS, u.s. Serial No. os1a11,7&4 
iil•d auly :z; / 2.914. all of aai4 applicati~ btinf 

•••i9nea to th& •••iill•• of th• praaant inveAt1on e.nd. 

incorpo:n.ttld herein J)y :rate:reno• •. 

Disc cki va :melllOl:Y ayat.rim• have l>••n use" in ~oroputera 

ten: •&nY years for •to~aga ot digital 1nt~iaation • . . 
Xntonat.ion ia :ecio::«ed on aoncenU-ic amory =•~• ol & 

magna.tic diac medium,· th• actual infodation 'Ja'in; •tcrecl 

in the f o:i::m of ~io t~anaitien• within. th$ m•4iwa. 
'he dlaca ~h•111t1•1vaa are rotatably aounted on a apindl•, 
'the £ntgrJqtion being aoe••••c! »y- m•att•· ot r~'d./.C.ite · 
:a...4• f8l1erally 1ocatt4 Gl'l a lJivotirig arm Wb!cb mova1 

¥"a4iallf CYOZ' the. turf&CI of tb• cUsp. Tha rQd/writa 
h•acls ~ transduaera •uat ]:)• acO\l~ately al.19na4:w1th th• 
etora9• t~acka on th• disc to 411\&ure pt;opar ~••41ft9 and. 

1m111inrur, . 
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writin9 Of intol:ltation. 
X>UrinCJ op"ation, th• cUaca •r• i-at:a~•4 at -ir•ry hi'Jh 

•J•ed• ¥£.th1~ ~n ena~o•ed hauainq by ~ana o~ anj~l•~tric 

lliotor qene~ally lca~t•d inaid• tbt"h\U> er balowt~a di1c•, 

one type of ~tc~ in ccwnon u•• ia known aa an in•h\lb or 
t • 

in-qincUe motor. such known in•apindle motora tyPica11y 

have a ap:lndl• 111ount•c1 by 11e•~• o~ two ba:i.li ·bearint 

•Y•\ema to a 1\\0tq~ shaft diapoa1d in ~h• cent~~ of 'th• 
J 

~ub. one·of th• baa~inqa 11 typicatiy locat•4'uear tha 

-top ·oi th• ap1n4l.e and the oth•r :n•c ~. ~t.t~;-· 'Iha•• 
~•·x-~a allow for ioQ"tation.l zovemtmt ~etween the ea.ft. 

an4 the hub 'tthile io.aintaininq acscurat• a1icatmient of th• . 

aplndle to th• ahdt.. ~ beuinga thema~l VU a:tie 

no~llY l~i0$~•d ~y graa•• or oil. · 

f!hca CQnven\~onal ~earinq •Y•t••· 4••o~1~e4.abova 1• 

prone, howeVe%, to ••V•~al eho~tacmtin,.. Fi~~t ia ~h• 

pro~iem of viJnta.tion q•neratad. by th• ball• ro11i'.n9 on tha 

l:'ac•waya. Ball :bear~nqa uaad. in bud di•k. drlve! •pind.lu 

~Un un4er 'oondit1cm• th~t qui~a11y 'f\Z&rantee~ »bl'aical 

oontac~ bet••.n raoawaya an4 ~alls, this in •pi~· ot the 

l\lm'ication lay•~ :provided l::ly th• tlearinq oil ~ t~ea••• 

Hence, oaa~:lnq.1>&11• runnin; en th• fenerally evan and 

ggoth, w~ llliorosoopioally uneve. ancl rou;h naeways, 

transmit th'i• aurfaca •tl:Uctura •• wall a• th•i~ 

i•periaotiona in aph~toity 1n the io~ of vib~4tion ta 

the rotatin9 diaJc. '1.'li• ..,ib~aticn ~••'Ults in w.ia'aiit~•nt . 
betW••n the data tracka and. the read/fhita ;tx:a~4uce:. 

fl'hi• saurce Cf viln:ati=n l.iiait• tber•fc=a the d&t& traok 
• I 

den•.S.t.y and th• ovei-all p•i-fcmnano• of the diao oz-ive 

eyate. 
Anoth•Z' p:tOb1u ia r&1a'te4 to the application ot ha>:d 

41sk d~iv•• il\ poxit:abla computt\%1 «quipment 6n4 the 

2!'••\\lt~ng requi:ra:m.anta .:t~ ahock re&iatan~~ ShooJc• 

ereat• rela~ive acceluation ~at.wse~ tha di•k$ an4 th• 
I 

drive o•ating wh1Ci1h in t'\lrn •how• up •• • fo~cua aci-o•• "tl\ll 

bauiftf •Y•~•:m. Si'n.ca thll contact aurtacaa= in )>all . 

: . 
---· . . . . ,: .. 
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be~in;• are ver:y anall, th• ~•91al-'tlzit aont•ot JJ:t•••,a•e• 
u.y excs•ed the yield •ti-enqth ot Qa baa:ring Mt.ti~i•l and 
leave »-~n~ 4ef oxmati~ an4 daiaave on rae4waya an4 
all•. · · · . · · 

· Moreovar, m•ob•n£cza1 bearittw• ee not lll1wa:1•. 1ca1abl• 
· to aa11•~ ct1111enaio:na * fllhi• i•. a •ipi:tic;iant 4r.aw b•ok 

einca ~ t•n«cnoy in th• 4i•o ~iv• 1t14uat~1 baa bean·t.o 
continually •hl'ink th• physical dimensions ot · ~· disc 
drive unit, 

A• an al.te%nat:l.va to oonventiona1 1:1a11· )•ar~nv 
spindle ayat.aa, r•••ec:her• hav• aoncent:.ra~a<lr 111.uc:h ot 
their •ftot't.• on d•velcpin.g a byeb:od.yn~io h•ar1ng. Xn th••• type•~ apt.6U1 1Uln'icat1ng- :1uid -- eitl\er vu or 

• liUUid ..... tuno::iona as the actual ~earing aurt•~ betwean 
a •t•~ionaJ:Y 1'a'• er hou•i~~ ~ th• ~otatinv •pin41• o~ • :rot.ating hub •nd the •tationary auuoundincz portic~ of the 
•ot01'. 1or example, u.c;iuJ.d lU))rioanta comp='1$ihg 011, 
aora complex f cro-iiiafi'ttt1o tl.u~Cla, oi- even air ha,va bean. 
utll1••~ ior \18• in hyd~o<S.yna•io ~.~1n9 •f•t4tll•• ·~h• 
raa1on for th• popl.rity of the u•a of •it is the 
h\poi:tence ~ a.vo!dinv 'the outqaaa:lnq of CJont•.it\anta into 
th• aeale4 arMa ei th• h•ad diao bou•in;~ How~~, ai~ 
do•• not ~ov14e the 1\lbricatinv fi1ilali~i•• ot oil. lta 
lcw vi•ooaity require• ett&ll•~ be~ittg 9aps and. ~he~eforo 
highar t:ole~ancc st~dards to achi.va •iailai: dynal'4ic 
»ft'tontmlOa • 

Thua, ii\ 'the ca•• gf • J,\ycSrod.yn.a=io l'.>«H,~ittq e10p1oyin9 
a liq\1:1.0. lubric•ftt, tb• lub~ioatiWJ fluid :lt••l:t au•~ ))e 

aealao w!.tbin tb~ l:learing io avoid lo•• ot. l~b:-1~ant which 
r••ulta in reduced •uing- loa4 aapac1ty. Othenriae the 
phyaice.l surf'ao•a of th• apincll•· •ncl hou•inq wou14 contaot. 
one anothc, leadinq to inaeaad wear and e.vantual 
~ailure · of th• M&l:iz\q •?at•• J:~llY se;-1o'1•1Y, the 
tail~~• of 1uoh a seal oz: otAm: ef tOrt. t6 eo~tain th• 
lubriea.n~ Wi'eb!n t:h• 'b•;ar~ system would csause tl'\e •n~ey 
ot contamittanta into the. h.sad diao ~qion or th• disc . 
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ttypioally, in tho P:'.ior et, seals ~o~ ••~i.1fi·;i2.'..i. · 
_flu14·w1~1~ 'tha disc dr~· • ui:iliza a Di:-•aaurize,i fill\ ··on 
th• •Utt.face of th• li~icl •11: ·int:m&c•.. :tl\ thtt .C••• ot·· 
IHtariq aaa.Ui1•• whioh 1oy t'cro1aqne,lo t~~4•,· th•'. 
••1 i• achi•v•~ by th meana os: • 11ac;rnet;!9 field :_-; 
•t@li•hed at ••Oh tM o th• ~rhtg-. Hawa\.er, such 
•••l• bava not ):)een demonat ai:e4 'to 1>0 relia'.blV et~•ctiva 
ov•~ a long pario4 Of ti111. 

Othc- o))v1Qus J!1h02:tc: • includ• the :aot .that many 
:-=:::··:-o·''": -1o:s: art hydrodynamics :b• rin§ asrumbli•• r,iot"q,uam:ly 

;·~)~:::;. repi:re large 0%' 1!'111.ky atN al 6lCDen1:a fer s"1»»ortinq 
.. ··:.: .. ;. .. ~th• ·axial an4 ra41a1 loads, t&Uch llyd:odyna•ict 10•1.:riii;a 

··.~:t_- do no\ hav• the inh•:r:ant • i ttl'.••• whicb re.Ula ll'oiu 
. ~,:mechanical ))••:r~ aaaablie it ia d.1ti:1cu1i: to aoa1e 

" .~'1\7{;f~ -~. at.J:uotm'al auppc:rt •1•» a to fit within 'tlie amallU' .. :!';: .. ~.. . ·. . . 1. ,. ' 

. :· .. '\·~ · 4iso ~iv• cU.1l<&i\•5.on• O\li'l'lnt .~ ill <1onaume~ 4aal)ds. In 
other J.n.a~ancea, h~rodyna~ic :bearing A•••mblia• 8\1fter 
~~ma th• diaadvan.t.agea ~t · •quiring ext~••~1Y ~i9h't 
vleai:"ance• &!\Ct aU.fnMnt•J th!~ .bm'Clan male•• it dit.tic\llt 
to mamstacstur• such •••ol:tli•.• aince •Wl'l & ama.11 
d•vi•tion or aberration oan l••~ to taul~y ~•aria~. 

Another difticu1ty wit~ aaa•ml:Jly of known 
I 

hydrodynamic b•arin; aystema is th\at an ••••ntJ.al part ot 
' I 

'th• l:Hlaring- i11 th• tot:tation t1f iiat:t•:ma ot ~QoV•• on one 
of th& two facing- aUJ:tao•• which\ i~otm the ttaartnq. ~ah 
P*ttunsa or gorcov•• are quit~ 4itfLcult. to fora, 
aapeeially .t.n de1i911• 'flhc• tit• trbe•'ira• run •'-l th• way te 
the e4;e ot a flat 8\'IZ'ftce, or wt.~i-. th• anti~• grooved 
aurrac• iN•'t J:J• •n •fteot:iva par 1c~ tha hurinf1. 'Iha 
moat eoonom:leal way to ton th••• ittal'ne i• 11ta2Rpita9 OX' 
c:oining. 'l'ypioally, ••ii•cially ~t: the ed.9fia tit th• 
pa1:t:em, •tr••• raisers. appear d.u:r.in~ the QQining proc.•••• . I . 
wh1Ch intert•r• with th• eatu1iab •nt of th• d••irod 

I 
p~•··~~• di•~•ibutionpatterna Vithih the »aa~i~g. 

In ao~• ~y~~odynamic l:laarin9 de~l~gna, a th~\:(at plat• 

ilf11i1l1i1i1DIT . i • 
• t . 

I 
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is utilised wbich extends perpendicular to the rotating shaft or surface. Such thrust plate 

has in the past fmJ.uently requited a pattern of grooves on both $ides. It is very difficult 

to stamp or groove a plate on both sides, much more difficult tban to stamp the plate 

only on one side. Such stamping and grooving efforts can again lead to distortions in the . . . . 
thrust plate or streSs ridges on the sudace of the thtust plate. Since hydrodynamic 

bearln& assemblies suffer from the diffetent disadvanta:es of requiring extremely tight 

clearances and alignments, such problems quickly lead to faulty bearings since even a 

small deviation or abemlti.on in the formation of the groove or stamping of the thnlst 

plate can impose sufficient d~on to overcome the narrow margins or~ 

which are allowed for assembly. 

It is therefore an objective of the present invention to provide a hydrodynamic 

bearing which is extremely simple and highly scalable for use within an infonnatlon 

storage unit such as a computer disc drive syst.em. 

It is a further pw:pose of the ixesent invention to provide a hydrodynamic bearing 

design in which any tlood pieces such as the thrust plate a.re stamped or grooved on a 

single surface only. 

It is a further objective of the invention to provide a method and des~ for a 

thxwlt plate/counteip]ate combination wherein the grooving is more repeatably and 

reliably achieved, without stress edges or rlaers bein' formed. 

These and other objectives of the present invention are achieved in a 

hydrodynamic bearing including a shaft and sleeve which are relatively rotatable. Thus, 

in acco.rdance with the invention an improved spindle motor is provided, the spindle 

motor comprising a rotating hub for supporting one or more discs in a disc drive, and a 

hydrodynamic bearing system for supporting said hub for rotation, said bearini system 

comprising a sleeve and a sbaft fitted into an axial bore of said sleeve, said shaft and said 

sleeve rotating freely relative to one another, and together defining a journal bearing, 

said shaft further supporting an annular thrust plate. said thrust plate ext.en.ding into a 

recess formed by an axial face stepped into said sleeve, and a QOUnterplate parallel to 

-------------------· 
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said axial face and said thrust plate and attached to said sleew:, said surface of said 

thrust pla.te facing said axial face of said sleeve having a groove patmm foni1ed thereon, . . . . 
.and said surface ot said countetplate facing an opposed, second surface of m1f thrust 

plate having a grooved pattern thereon~ to fonn an effective fluid pumping surface in 

said hydrodynamic bearing. At or near one end, the shaft supports a thmst plate, which 

rotates within a recess m the sleeve. The thrust plate rot.ates within a recess in the 

sleeve, one side of the thr.ust _________________ _ 

,···---------



------ ----------------------------================~ 

plat• aupport• a pattem ot groovae, to eata.1:)1£ob the 
I • 

proper :J.u.id 4iatr1~'1tJ.on in the ~eal:ing. itacing th• 
· oppo•i4:• •i«• . of th• t.hl:u.at pla.~e, a .eounto~plate is 

I • • 

piiovided which it•elt ha• a ~oov•d aiu,ttaoa nao~•••~1 t9 
provide th• fluid diat1'ilrti~1~ and·p~•••~ra dia,~i~ution 
to au»11ort ~h• amcoth ~Qt•tion ot th• hyd):'odynamia .. 
2'ea~in;. ~· 91"oove. »&tt•rn on tb• co\U\tm.-pl~t• ia of . . 
su:tfici•ilt exttnt to extend 1'ayond tb• rec,•f'I in th• 
aleava, •o tha.t .in :tact a pcu:tJ.on ot th• gzoooveit p•ttern 
1• ragJ.n; and ,U,ut an en4 pcrtio~ of the aleev..· ~n t:hi• 
way, th• •nd• of the 9l'Oova pa~tcn, which ar• t~attu•mly 
£~perfect an4 have •~•sa ~14;•• or other d~taila •hieh 
•&Y intarfe%e with the proper diat~ibUtion ot tha fluid 
are maaked .tra the tluid 21••~.tng by tba abutinept ot t.h• 
counterplate wi'\;ll the •l•av•. . . 

other f e~turea •~4 a4van'C&i•• of the present 
invenUcm 11111 kc:ome apparent to• J:!Uacn of •k~ll. in 'th• 

an who atudi• tha dascription ot a pi-etarr•d •J:to4.iJRent 
given in conjunation witb the •go0lll.pany1nq 4rawirit•• 

Pipre 1 .i• a vertical •cg't.i.Qnal view oi a flQ14 
4ynam1o bea~ing incorpc~ated in a apin~l• moto~ ut•~l• in 
a G1so criv. inoorporatinv the taa~urea ot th' P~•••~t 
invan~ion1 

Pigure 2A i• a vertical aaotional vi•w ot a •~i~41• 
zotor inoor11orating the thru1t beuing o: 'th• JJ&"•••nt 
invention1 · . 

l'igure 2B i.• a -top plan viaw o! e. diac d:r:iv4 ia· whiob. 
th• pre1ent invention La uaatulr 

JJ.9ura 3 1• an exploded sectional view cf a cietai1"4 
portion ot tb• invention1 

U4 l'lP•• 4A and 4!1 ·~• detail• ot 'thit b9a:t.t!219 
surface• cf th• tti~~·t p1ate and count~lata u~i1ize4 1n 
the ~••ozii; bv.n-t.iOJI. 

Othm: features and advantaqe.s of the'. pres•nt 

- . . -........ ... ~-==... .. .. ;,..:z:. .. ..\ •• :.: .::. .. ••• 
..... .. • -·~:---;--:-.·. • • ..~.- 4 ........ -· .... ~· . :.: ·~";"":---· ....... \ . . 
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invention w111 .become appai:•nt to a P•r:•on of &kil1 4.n th• 
art Who atud1e• the f o1lov1ng detail.a deacriptio~ at a 
pre~~~4Kl ~ocliment ~iven i~ OOl'ljunction ·Wi'h tha 
aooompanyin; drawing's. · 

.. ..., .. _ 
A 1p1n41• 11\otcr and di1c •••••~ly !or uao in a di•a 

dl"iVe GQmp\lt:er Aysta• ia aiaol0•14. Wbe 8poai~id ))Ul'ltO•e 

e'f tha pii•••nt inventicrn .f.a to ltodify tb• deaiqn of a 
hydro4yzlamic ~•ari.nq 10 that it !a •••1•~ ~o 4e~Jgn ana· . .. 
ll\an\\flketur• th• tbnl•t plat• which Z"ota't• 1'ith 'thca abatt.. 
A mo~ 9en•l'&l purpc•• is 'ta pov14• a •Pind.1.a mo\o~ 
inoo>:poraung a hY,4rodyngic l;aearinc; for the main :%'otati:ng 
or •t.tionaey shaft: tor u•• . .t.n a hAN 4.f.~a dl:'ive 
a»plioa~ion, Wl\•~• th• thrust Pl•ta which extend& 
pe~enciicular to tha '5h&ft AnQ carrlea gTOOV.• tor 
di•tribu~int" th• i1uid in the hy~c~nic b•a.r1n9 and 

• l 

cna~in9 th• F••ae~ tiatribution Which ia neg.peaa~ to 
maint.tin the ati:ftn••• ot th• »earing £• a&•1•~ to . 
aanufaotur•4 

!lib.• imp%oVe4 hydrodyn~:aig bearing o.t tb•. prea•nt 
inventiOl'l i• ba.••4 on aou known p~inoiplta•i of 'the 
~•"bnology, an example o:! Which i• ahown in RiiUf'• 1., A• 
shown in that f:l.gur•, • journal lM•~ing ino~~•t1nq a 

• 
shaft 10 l:'ot:ati.ng £n1id• a ))Ushing o:r 1la1ve 12 I hi• one 
of th• tvo oppoaiq •uitfac:a•, in this aase t.ha •hatt, . . 
aanyin9 oylincttioa.l 1ection1 ot •»ital ~roovaa. : A thnat 
plata.14, z-otatin~ in a reGees in~ aleev~ 12; is also 
pi-ov14e4 with conc:•nt:-ic ap:1);'a1 qroov• ~~ion• ~· •hown. 
~• 3:'el.ativa rotat1cn = tha abaft an4 •l•av• oa~:tn•tion· 
pWDp• th• tl~id •• • tunQtiqn of th• di~eoticn ana angl• • 
~f tb• i;i:oove• with ~eapeat to th• ••~•• of rot~tion ot 
'th• •ha:l''t 10 and t=u.t plat• 14. PUmpinv ao1:ion l>uUda 
up mu1ti1tl• ~rasaur• in acit4• •long tb• j01al'nal and tbXU1~ 
pla'te, aintainincz e. f 1ui4 f.ila Mtween ~h• '9-lativ•lY 
rot.t.1n9 part•, &J\d provi4inq·aat1f:tneaa t'or th~ bear:ln9, .• 

..... .. -----------. . . . . 
""---_ ......... ______ , __ ..._:_._~-:.:.- ~"':.-=..-:---:.-:·- ···--· ·". :- .... ·:~ .!·~.2...:....J..a.&:-
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A ~otor cf the <type in whioh auch a hYdrodyn&•1c 

b••r1n9 +• uaefu1 i• shown in 719'U%8 2. ~ 1'\oto~ tlhown 
bi Jl:l.9~ ~Ai• ••Peo£a1lf •d&»t•4 fOI' uaa 1n a d1so drive 
ot the t~e 8baWn .in S'igU1"• 2l\.. ~bi• top p~~ Yiow 

illua~a~•a the basic element• ot tha 4r1v~ inol~in.g tha 
rotat.lnv ~ieo or diao• 19 vhioh ar• rotated by tht •p:J.ndl.• 

' ai. a:t th"1 apindl• mot01: ot J'~ra 2.A. Ae th• di•o• 
' I 

rotate, a \tram&ducer 23 llOUnte4 Oli an eM ot an ! aotuatOJ:" 
UZll a1 is ••l•otivel.Y poaition•4 Rf a voice ooil 'mot~ 21 

:r:otat:Lni a~o~t • pivot. 3l to U\OV• th• ~ana4uce~ ~.a t~oa · ·· 
t.raale tc 'raok ovo:r th• •~tac• of tb• disa. · · . I . 

a.~ning t.o 1.l.9U• 2A, the f itur• 11hcwa in '\#tniQ&.1 

aactJ.gn a ~pindl• •otol" ot a typ• whioh ia •+pee!a11y 
I • 

uaetUl in a\ disc "iw. 'l'h• m4t.~ include• a lll~tt 50 
\ . 

havilli a thl:'\lat Rla.t• !2 on one •n4 in a denitzn similar to 
\hats cli1cloa~4 vith r•apect to 1'1CJUr• :s., ~h• eht.t't 10 i• 

I • . 
fixed relative to the rotating •leave 541 th• thn•t:plate 
1# llxa4 Wi~in a. ioeceaa 56 in tb• Jiub 94. A eount:cplat• 

\ . . 
Bl 1• Jl2!."0Vidle4, raat:!ng on and pr••••4 a9al.nat: ah annular 
~ing ••otian ·~a qt th• •le•v• 14. mie outer di~t•r ot 

the c:ourite:plat:e 58 1• p~•••ad 1nsi4• •boulder 1i of 'th• 

ale.Va !54.. in O•rimi G4 i• provided in the ¥•~••• Cf 
I I • 

1>9tween th• e.nnul•i- "J:ing- 40 a!U1 'th• •hou14e s2, Witl\ 1:1'• 
\ . 

tlexibl.• O•l"ing 44· f il1inq the depth o:t th• reoeiHf• Sf and 

1:reaainq ti9htlty aqainat· th• Rc»ttom aurtaca el of the 
I .. . 

ccunterplate '''. 'rh• 1Ubrio•"iln9 fluid flf · tba 
I • 

hydrodynamic beiaring, in ad4it1on to o1:ro\llat1n; b.-tw••n 
the •ufacaa J.f th• sbaf't 50 . and sl••v• .!54, alao 
airQttlatea over )iroth th• uppu alt4 lower sur'lao•• 101 1;1 

oi: the t.hl:Uat ;.,la-a S2 •• W•ll u around th• ou.t•ide 
diallleter 74 of ~ th%iiat »l•t•• 

\ . 
Th• teatur•~ ~•a#1~t4 to thl• poin~ ccm\~~ia• th• 

pri11aey teaturea1 t>f a Jlyd:rodyn•mic l:learin9 cetrid.t• wh1Ch 

i• ~etu11n a n\l.,J;ba- of enviroma•nta. · 'l'C inoor~oi'ata th• 

oai-Vid.9e. into a \cU.ac drive, a ~\1~ ao i• add;cl to the 
outer •urta<Ui. (): the ale•v• 54 an« i-ota't•• with the. 

- \ i'li ifi~~H·~r 
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aleevo. ~· rotatin~ •l•eve also aupparta, bal~ 1:he hUb, 
& ••P•t a2 Which inteiacta with a etatoi:i •• to csau1• 
~ota~1on of the.al••v• an4 th• ~Ub 80 that 1t "1PPOl"ta. . . 

· f!he uto~ •haf~ ao •rid• in ~ ahoulder 11 vi t.ll ' auppon. 
plate aa and lo~ ~ut so ••••id>l,J.mJ the hyd¥'<t4irnnic 
l>Uring into a base S~ Which WOU14 ty-pioal ly .f9nr. the 

. ' lc:r11er portion o'l th• hcW&ing ot a. disc dl"iva. onp ~l' JQOl"e 
4iaca whioh ara not abown in thia tigura bu~ ~bieh are 
~·n~a11y.ind1oat~ •- 19 in •£fUr• 2a ~· aupp~•d en 
the gutv .8\lrtac. ct th.a hUb 0%' alacve. 

. -· 
R•~•nin9'. next to 7iQUl:'• :. , the &l)•oif.1c feaiS~l'•• and 

• J 
ma41rioa~1en1 incoi-poitat•cl in ~h• Pl'•••ftt inventJ:o:a\ c•n ))e 

' 
•~• al•arly \'m4ei:atoo4 by a atudy of this ti9\lr• whigh 
ahowa in exaqgerated. detail the cso~nterplat• .. a• :fi)C•d 
witliin th• •l••~• $4 unc tb• tbn•t J1at• 52 ~otati~ ih 
~ rac•aa •• of the a1eave. Xn 'thia pa~tia~l•~ fi9'QJ:'e, 
th• o--ring E4 is :not i11ustratea1 ~· rat:i~n•i• f c 
p1'ovi4inq the o-i-1119 ia diaoua••4 .in · tl)e above 
incoxporata4 applioatiota cf st.eve l'•raonaau1t ·~ al. an" 
will J:te refcaned -to "RZ1:b•t' l:t•low. 

As already dis.-uaNd, and aa can J)o 11~• clea~1y ••en 
in th• exa;;aratad view ot Jtigura 3, lY»ricatiJ\g l.lla1d i• 
f lowin~ ovu ~· u.mu1"t" •urtao.a "70 end 1owezi a'll:'t&c• 7:a or 
the ~st piate Ba. Aegordingo· t~ the appiioaahea 'ta'k1n in 
'the 5nown p~iot' &rt, the tlui4 flow OV•r·thaaa ~»~and 
1ower tlu-un plate aurtaoa• waa ocntt'o.1i·ed 4114 ~h• pr9pe~ 
PJ:•••ure di•tX"illutiona 4•v•lopa4 by providing et~p•d or 
ccin•d •u.:rfaa•• bavi.n~ Oh•vron•li~• patterii. Oll: ~otn the 
upper 1Utd low•r aurtaoe Qf the thru•t plate 51. aovev.!', 
•• ha• ~••h taun4 t.ha~ auch •tamping Oi' eoininu, appli84 
t.o op;ioai"t• aul:'t&cea ot th• thrust plat.a, ia ai9nificantly 
mer• difficult. t.o do aacura.taly than .-tampi~ o~ only on• 
aide. 8ta»Pill9' on 1'oth aid•• G'l th• it late 1 lthel:'• the 
t.inlshe4 plate i• to 1'• u••d in a lieaitiJii haY!n9 Y•~Y 
t!9hi: t.olval\C•a, fl'4'qU•ntly raaulta in 4.iU~•ot• tith•%' dllt1 
~a •~••• ~aiaera or 1t1i'••• eonttiantration• "Whioh · ihf'lu•naa . 

. . . .. ...... . 
--...... _·· -.$ ;.. ____ •• _ . ...,.._, -"_,· ........,.....:-,......-~:· __ ··_·;-_.:. ;_·--·. - ,.:.:Jj ... ::·;<# .. : ... ;.. .................. ::,. "".. . . ... 

.. -~ ...... · .... -·-~- ···----.. ·· 
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th• c:oining 4ye U.:te. Ii: i• •ic;Z\ific:an'tly easier ~ •tamp 

th• t:hiua~ plate on gnly one •id•. . 
!fhe~.:or•, aooor4in9 to tll• pref e~a4 ·~~g~i)na~~ of 

tlii• 1nv•ntlon, only~ •14• '2 Qt the tbru•t pl~~ Whic:h 

1& tao1nq tbe t•c•11 •M~al a~ace ot the Bleev•· G4 haa 

tb• grooves coi.ned or atampe4 thueon (a. •ho~ .11\ fi9. 

4:S). mh• Fior art would have alsa coined o:t •t;ampad a 

gioaove4 pattern on the ~•£" •urta<i• 12. 

tnatae.d1 acco:r:dinc; to the l'~••ent 1nyeni;£e>n, the 
facing aurtao• 18 of the counterplat• (•'hown in';19 • .tA) 

. woul.Cl hav• a c:o1ne<l oz- a\alCped pe.tten ot Qhe:vroit .. •hape<l 

sPt"OOV•• imprint.a4 th•ia•=· f!hi• could )20. done. P,t"ioit to 

!.naart:;inq tb• aoun~ata ea J:iatween th• ahoul~•r• •a or 
the alnve. ~hWI, 'the coining or •t:ap:bt9 oper1o~io-n ooul4 

be .a.ally an4 a~at.ly c~iad out pria~ ~o aa,ambly ot 

th• bydrodynamie bauing. Moreove:, in ord•l" t:CI 'b• able . . 
to aec~i-ateJ.y-impr;Lnt the grQOVea on th• c:owiterplate, -tha 

.i.m~inted pa'\teD WO\lld b• printed ovar a circul.u •urfaee · . . 
Whi® .xoeeda 'th• diautw Qt tha race•• Oil•ninq 100 in 

th• al.eave. As .ahcwn graphically in 1i;un 4A, ~.tl\oo \~ 
af~activa groove aur::face a:i.-ea i• le•• in 4iam•t•:i: the 'th• 

I 

actual 91"COVA4 BU%'t1.ca eea on th• awnterplate isa, thee 

i• no pr:cbla with ·~••• ~!di'•• w l"i••t:• at the 4at•• ot 

'th• pa'ti:.ex-n. '1'he2:'e i• a tar Mttor 4Jl'OOV• c1•tihi,t,4on OV•i!' 

th• surtace ot th• · countm:plat. tn4 the : ~resaure 

di1tributicn oraatect ~y th• grooV•• will b& more •V•n an4 

r•li•~••• Tb• %•fion Gf the ~oov•• whi~~ li•J ,out1i4• 
tbe diaetel:' l.~O w111 in fa.ct ov•rli• 'th• upr.iqh,t ring •O 

•• 
ot th• •l••v• 04 and )le c:ovc•4 th•l:'•~. to th• ·~•At 
tha~ f1ui4 might hava a tendency ~o ~· torcad o~~ of 1:.b• 

. . 
nservoir r•taiOh 102 a:t4 cwr tbe top ot th• ring"· 'O, the 

o-~ing d5 impr•ssed into th• r•e••• '~ will pr~vent any 
auch f lu!.4 mot£on f~c= P•••~ ~•yona th• •4g.. ef ~· 

. counurplau atl4 'Woi'JUnr it• wi up 1'at.wa4u!1 th•: ew14er 

an.4 oounterplat• and out into tb• aurroundln; •tja0tt»h•:•· 

A fiMl note with raqecl ~o th• 1ma.11 reoaail .. Which . . 
. . 
! 

. -····---
...... .:.C • ..c~ ··.:.J.,.t- ~ .. ..a..:.~ - :~.... .. .... ~ ~ -·-·--
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appear cut back into the sleeve 54 at the lower edges of the. shoulder 62 and the ling 

shaped upright 60. These recesses 104J 105 are provided so that the countetplate and 

thrust plate may be mo.re easily inserted into what othetwise would be rectangular recess. 

It should further be noted that the i:ecess 65 and its 0-rlng 66 appear only in Fi&uxe 2A 

and not in Figure 3. They are omitted from Figure 3 for the pw:poses of clarity in· 

describing the relative locations of the coined smfaces; b.owever, the use of the 0-ring 

does provide an important sealing ad.vantage in insuring that no fluid can be lost from the 

hydrodynamic bearing. 

Other fe.atutes and advantages of the invention may be found by a pei:so_n who 

studies the present disclosure. The afore&Oing description has been given by way of 

example only and it will be appreciated by a person skilled in the art that modifications 

can be made without departing from the scope of the present invention. For example, a 

rotating shaft design utilising the hub features of the present invention where the rotating 

hub would be attached to the shaft at the opposite end of the shaft from the thrust plate 

would also mu within the scope of the invention. Therefore the scope of the invention is 

to be limited only by the following claims. 
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1. An imp~ov•d apbidl• 11iotor QO~p~i•1~q a·r~ta~inq 
hub tor auppQtt.inq Oft4 ~ nozi• discs.in• disc ct¥-ive, and' 
a ~ydredynmnic baarin~ syatam to~ aupporting ••id hu~ tcr 
. l"otation, · : . 

••14 ~~in; ay1t.m. omap~i•ing a 11eeva •nd a •h•ft 
• t :-: • • • 

fitt:ed into an axial JJor• ot ·•aid elaeva, . 
said ahatt an4 •aid •l••V. ~otatingo trae1y r•l•,iV• . . 

to on• anoth•r, and tog•the~ d.•fbiing a journ•l·~pr.tng, 
aaid. shatt tu%1:her supporting- an am.i.ula:- thrust plat:•, 
aai4 tb.%'\l~t plat, ext•ndin9 into a r•~•• f OZ'~ed ~y aa 
axial t•c:• .tepp•d into •aid oleeva and · 

a count~plate p~all•1 to aai4 axial t4oe ana ••1G 
thruat plat• anc\ "'ttaehe4 tc aai4 •l••V41111 

• 
••14 •\:lrf &C• Cf tai4 ~~ plat:a taoing ••i~ axial 

t•c• of caio •1••ve uving a. ~oov• iJCl'tt•X1l :ronied 
theraon; and 11&14 aurtao• ot ••14 counterplate f•~in~ an 
gppoee41 11accmd aurt&o• of •414 t:lu:'Ullt pla~• ~h6vin; ·a 
gGovecl patten tb.O~•on, t.o tOftl an affaatiYti f 1.'3.S.d. 
»U11lping •urtace in eai~ hyd%o4ynamta b•~inq, 

2. A apindl• motor •• ola~ in Claim i Vherain 
••i4 •h•ft i• •~•tio~, •~4 •&14 •l••V• supp~· a hub 
!or rota~ien with •aid sleav• about •&id •taticn'J:¥ ahatt 
U4 auPJ'cl:'tacl tor ~otai.~ion ~Y a J\ydrodymnniq ~-~1nq 
fOJ;'lll•4 ~y ••14 •h•f~, ••14 thr\11t ·Pi•t•; aurt•ge . . 
ccopu•~in;- w1'th said axial races• ot •a.£4 •l•ava; •nd. eaid 
QOOntarplate a~J:f•ce·ooopera~in9 ~1th aai4 &400n~ aurfa~ 
c~ .. 14 t~•t plate. 

3• A •Pindle •GtQ~ •• olaime4 ii\ Cl41b\ a 'Wh~tin 
•aid cou~el'p1ate is located batwaen up~i9ht •boul4•r• of 

. I 
st.id •l••v• and looat.sd pa1"&llal to aaid th~•~ plate 
aupp~~tJd by ••id w:tt. 

. 
' I 

------ _._ ..... 
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4. A apin4le motor as clailned in Clai111 $ wherein 
•ai4 •ha:f!t ~onin&t•• 1n • 1*tgi&»\ l'•rallel to ••id annular 
t=uat. plate •o 1:hat aa14 p-lanu aurtace of .aa14 . . 
count:e%)Jl&'t• tons a planu •l\1:1 ·of •aid. byC!rodyno1o 
~aring. 

5. A spindle uotor as olaimt'4 in Claim :. Wherein 
aaid vroovad •urtace of eai4 ao~nterplt.t• ex-ten~• ~•yon« 
~· ~•tiaft ot •ai4 eountup1at.• a\fel:lying •al.,_ aac:on4 
s\n"face of aaid tbruat plat• ao that •aid 9roove aurtaoa 
on ••id aaunt•r»l•t• JA aora •a•i1y farmad.. 

6& A apin41• mot" •• alaimad in Claiu ti wh•:i:•in 
•aid al••"Y• baa aan up:right: ~imulall' rinq at •n •l'ld 'of aai4 
eleave &Ul'l'0\lll4ing aaici thnat p1a1:a, sai4 rin; .. . 
•urr~unaiftO ••14 'thruat. p~ate and <i<io:geratinq thctr•with -to 
daf ine a i-•••t"¥Oil" 't~ ••id hydrodpaam.\cr ~eal:'inc;, 'th•l'•bY 
forming aaid 1'9C••• :er sa14 hydrcdynalllio b•ar~~~· ••id · 
•hou1den d aaid •l••'Y• 1upporoting ••id cou1'~•rplata 
~iaing fJ:"O~ sai4 al••v~ in • region •xially beyond •ti4 
annual ring"° 'that said aountuplate reata on an:uprigbt 
surface o~ sa14 ring"" and·b•twaen sai4 shoulder~ of ••i4 . 

7. A apin4le motox •• claim•4 in Clai• d whQ"oira 
••id annual ~ing include• an annula~ races• f~d· 
acljacen~ •aid Dial :tac• ot aaict •l•av~ •o ;hat ••id 
thnat plate 1• •o~e· •asily t4.tte4 !ni:o . •aid. •1eeve 

. 
s. A .Pin4l.• ao'cor ea ala:tm&d. .in Claim 'I wb.e~•1ri 

aaid ahould~ or aai« •l••V• inc1u4•• *l'i annula~ rec:••• 
jacent 'th• · nrtaoe ot aa14 rinq on whloh •aid 

~aunterplate ia raa~i~g SO that t•i4 counte~1ate ia more 
. I .. ·· ea•ilY fitted ~iqht1y into said ahou.ld•~ ot eaid •l••v•. 

. .·.,· 

\ 
i 
\ 

I . . 
' 
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1. A spindle ~ator aa alaime4 in Claim 1 wh~•in 
eaid sleeve inolud•• an annular receaa ~atw~~n sai~ 
ann\\tar ring lll'ld . ••i4 upr1qbt. flhoulde:r:, and qn .. O-J:i1'9 
fOZ'l\ed ot ~n •1-.atiQ·~at~ial iitted into aai4 rea••• an4 
~!lling the V8%'tioal •xtend of ••14 rec••• •n4 ·captUt'• 
be.tv••n a haais or aaid recea• and said oounter~~&t•, so 
'that lubricating fluitl in a aa14 hydt'od?nlJUQ aet~in9 
cannot move ~eyan4 aai4 ring to r•ach • regio~ wli~• 1aid 
OO'U\tcplate mnta aai« •hould•~• of •aid •l•.•v-.. 

lo. A apincll• l\ol= u alai.maCL in Ol•i• 9 W'harein 
s&i4 9J:QOV• au:t•c• ot 1aid eoun~ez-plate extend~ beyond 
aaicl ti•oea• tctll•d to hold •a:l.d ~at pl.at•: ~~ ·••i4 
bydrc4ynam1c bea~ing, •n4·~••t• •9a:lnat •aid ~fae. of 
•aid arm,ula.1" ~J.v9, •o that aaid ;~eove •urt•o• of •aid 

• vount•q1ate aay Jile •o~ca ouily formed on aaid. 
I ' 

counterpl•ta without l'iavin9 .-4• ot aaia.· qroovaa · 
coopeio•~n9' with aey ra;ion ot •aid. asaeond fl\lrt~cli o'l aaid 
thnJst plate er said r•c••• fot: · ••14 hydl'Odynam.id ~••ring-. 

tl. A •11£.1\dle motel' a• clai'laed in C1aim ~ whexain 
said. end o~ •aid •haft a\lpportirit/ said 'thi"l.;•t pl.at:• 
includaa e canti"al region of ~·d~oad crosa a•c~i~~, aai~ 
•hn•._ p••t• »•1n~ ~J.~~•4 c!lto aaid l'aduc•d oro•• ••a~ion 
tra§iOh ot aaid •haft an4 1• wpponed cm a &Jh~\llder ot 
eaid sbaf~ d•fin•d J:1Y •aid •hai~ o~ normal oros• ••a~ion 
and aai4 ¥e;ion of ~eduQed 03::01• aeotion. 

. 
12. A apin«l• actor aa ol.ai••d 1~ Claim 11·W2J•r•in 

••i4 ab.aft. Y-egica oi r•4uce4 areas aecition· inaludee an 
annular raceaa form•4 •roun4 •~d.ct ati.R •c that •aid 
thrU•t pl•~• may ),e more •••ily fit~•4 Cbto said and.at 
aaid t~•t plate. 

13. A apindl• 111oto:r •• ala.iinad .bi C:laiai 2. wh•r•in 
•aics a.haft i• rot:atil\q with aaid a1eeva and. Rpporl• ••id . . 

----------- --
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hub o~ an •md. thenot, 
••14 ablf\ an4 b~ ~ein9 •l.lpPort•4 f Q~ z:o~a~ion ~Y 

aa14 bYd~o~ynaaio bearing :ton•d ~y aa~~ •hatt :•nd •·aid 
• • • • :t • • 

•leave, . 
•aid 't!u:u•t 'la~• ~tac• eaep•r•tinq with ·~~~ axial 

~•ceaa o:t said al••v• and •aid aounterplate. ..\li<ta_ce 
aooperatinq with aaid aecon4 •lirf«ge ot •ei4 thnft p1ata. 

:a,4, A ap1n4l• act.ell' •• alailned in. C1aill l.:J whu'"ein 
aai4 tbn.-t plate 11 SU»porte4 on said •haft diata~"t f~om 

. I .~ 

aaid hu~ and adja~f.11t ••id co\U\t~lat• auppoxt•d on said 
ala ave. 

15. A apindl• mo\cr •• clail!Siad in Clai~ 14 Vh4U'•in 
aaid coun~o:r:pl~\• is locata4 ~•tween up:oiqbt sho~lder• ot 

~ 

aaid al•ava anCl lOQat•d par1ll.•l to ••id. tlmlat plat• 
aupport•d :by aaid •hai~. · 

1.s. A spinal• mot~ •• clt.114•4 in C!l•ill 1, What:ain. 
aaid ~ft: temitaatea iil a t-egicn parallel to aa!& •nnular 
'tb~t plat• •o that aai4 planar au~:ace of aai4 
coul'ltepl&t• !onl* a planu end ot •ai4 hyc1~~Y»•11io 

>:>earing. 

17. A apinc.U• mot~ a1 Olai11c ill Q1•1.l!\ a 7'1hertin 
B«i4 grQOV84 Stzrfaq• Ot aai4 Gcunt•rp1ate extend-. ~ayand 
th• %'•9ion ct said c:wntapldlt• overlying •&i.4. ••«tttd 
aur~ae• ot aai4 tla\iat'plate ao tha~ aaid gr.oov; 'surface 
on aai4 counta:rplAt• 1il more •ll•ily fotiae~. · 

1e * A •Pin41• iaator ae cs1aim•« in <:1ab 17 wher•in 
said e1ene ha• an ~1'1ib~ annular r£n'I •t att. end .ot. said. 
•l••"V• surround!n9 •aid thrU•t Plate, sa14 t>inf 
nrrounding 1alc!l thntet plate •n4 cooperati:nv tb•rewi~ to 
4•i1na a rea~il' f02' aaiCl hy4roaynaJllic bearing~ tbm~y 
io-ruiin9 said ~ceaa to~ ••i4 hYdtodyna~ic baarin;, aai4 

--------- -----

' . ·- ···--- .. . .. .. 
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eho1lld•l:'• o~ t1a.id •l••ve •U»»oi:ting •.ai4 counterplate 
aJ:i•inV 1rom aaid •l••V• in a ~e;ion axiall1 b1yond aal4 
annual a:"incJ ··~ tba• •a~c.l·oount•~lat• ra•t4 ._nan upright 
aur!ao• of •aid r1n9 and ~atvee~ •a1d ~hop~d·~· o~ 1aid' 
'•l••va. 

19. A •p11ld1• •otor •• alaime4 in C~•i• i1 Wh•t•in 
aaW annual rinc; include.a an ann\llar r~c••• foraea. 
adjacent •ai4 •~ial facs• of Pi4 sl••v•1 ;o tbat aaid 
tmu•t plate i• ao:re •••11y fitted lnt_o -·said elceve 

rec:•••· · . . 
ao. A apin41• motor •• o1aimed in Cl•i• i.t whe•in. 

sa14 llhould.Z. o! aaid •1 .. va inelu4a• an:ahhular ~•a••• 
ad~•c•nt the •\'&:face of aa14 ring on· which ea1d . . 
csountei=plat• ia reatJ.nq 110 that said eount•rpl.&t• i• ao~• . . 
easily t1tt.a4 t!qhtly ii\to ••1« •boulder o~ said •l•ava. 

21. A fJPilldl• mot:Ol' ae alaimc in Cl.a.iia 19 wh•r•in 
•a.14 alotve indlude• an annular rec••#r ,,•twen aaid 

l 

ann.ulazi .ring en4 ai4 Ul)riwht •boulder, : ~na an o-rinq 
to1:11•~ of an •laat:l.e material "ti~t•4 into ••dct 1:&a.•• 1nd 
:till..btf 'th• vutioal •xt•n4 of sai4 reca.•4 al\d aa.ptur• 
~•tween a has1• of 1a14 ~IQtl• an~ •aid op~'nt•J:lJlate, ao 
th&i: l\1l>:rio.ati:nq fluid in a 1a:1C hydrociy.tioio 1)eat-ing .. 
cannot :in;ova betond aa£4 ll'inf t.o l:'•&ch • r•rJ.on wh.r• ••:14 

. countal'plate ••~• aaid ahould.a~• of •aid :•f eeve, 

22. A eplnd.1• •otor •• clai••« in c1~1• 11 wherein 
•aid t):OOVB amrtaoa of •aid aQ\Uit•~p1a~e ex~encSa bOyond. 
Aitl reet••• :OZMCI t:o· hou· •aid ~au; 1'l•t• of ••i4 
hyd~dyn.aic J)flal:ing, •nd r••~• againet aaJ.4 au~taca of 
aai4 azmulu lring, • aa th .. t 11a.i'4 vrcova •~face ot aaJ.4 
co\lnterplaU · MY :t:>a mo:r• •••ily tokf4e4 on aaJ.d 
coumerplate withw~ havil\g .:naa of •aid gToov•• 
coope~a~ing with anr ~e9icn ot ••id ••e1ond surf•c• ot aaid 
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