~,e3eJ&)""#d$: 6%62&6&T&Xa0 DESCRI PTI ON DYNAM C PRESSURE- TYPE THRUST BEARI NG
UNI'T AND MANUFACTURI NG METHCD THEREOF Techni cal Field The present invention

- met hod thereof. Background Art Conventionally, a spindle
dynam c pressure-type liquid bearing unit has been-used IWE\BW“ ‘m‘uﬂw ion
apparatus such as a magnetic disk drive unit. A dynam c pr sure-1y

thrust bearing unit which constru C pressure-type Il"qw d bearl ng
unit conprises, as shown in Fig §%§c§1§#ﬂ?¥§' body 11 having.a thrust flange

7 provided on thesq{MI@BpRvﬁé)éﬁk nﬂ,pgr@gngQngAtﬁw@tuwlate 1 provided

on the side of a eeve I's rotatably supported on this shaft body

11, and the thrust pl aPﬁPﬁM%ﬁgF%A@dﬁi{l\# E{?@}g ﬁﬁ@Fopposed to each
ed between the

other, and a fluid is 11 and the sleeve 10
and between the thrust flange 7 and the thrust plate 1. On at | east one
surface of the opposed surfaces of the thrust flange 7 and the thrust pl at e

1, dynantecRh8ssuyr §geng ating grooves (hereinafter, referred to as "dynamc
pressure groovesq) are formed. These dynam c pressure grooves are of a

shape where a ﬂtélr@iéstéhtofln\&e%&qwreta@e%he@e& S RAVES PR s tYUIS,
whi ch shape is generally called a herringbone. I n the t hrust bearlng

unit conghrysteBeasidO\u®it? dritf & imhbesyt €PIRgsSREtAbat haekboyst plate 1
and the sleeve 10 relatively rotates with respect to a stationary shaft

conposed of the thrust flange 7 and the shaft body 11. Thus, dynamc
pressure is generated due to rotation of the rotating body and the rotating
body f| oBaskygpourideagynam c pressure to be generated, that is, the

fl oati ng-up anmount changes depending on the angle of the v-shaped or

U- shaped gr oovGenweEntienalyhyiji 8 ppeadiliecemgtoovesindce ghyommeiam dt h, the
nunber of grooves, the length, depth, flatness and the |ike, and al so

f1 uct uat poessvreutypee liqutide bearitng/ eimitniteas dfeent asednsnbanween t he
rotating body and stationary shaft and the gap, and furthernore, viscosity
of the finfermatien bppagefushewcsh &s iy MRANL LI dh%kstlmvannnytshaft I n
a case where the thrust plate 1 and the thrust flange 7 are nmade of, for
exanpl e, a cofp&YAFWIA \PERFFuRRtBYPeuERrYsSthPgaying uadith Wiy i al or the

o o AR R Y AL SR BRI 0, o
oo oL anconBcE LS & LB S PHS" 405 RIS nddS, 10 AN A ABLTE e
I ncrease, ﬂ]nggbf %%'o(\)rridreﬁs ﬁtt%'gefront end portion thereof and a thrust
plate 1 provided on the side of a sleeve 10 which is rotatably
supported on this shaft body 11, and the thrust plate 1 and the
thrust flange 7 are opposed to each other, and a fluid is filled
between the shaft body 11 and the sleeve 10 and between the thrust
flange 7 and the thrust plate 1.

On at least one surface of the opposed surfaces of the
thrust flange 7 and the thrust plate 1, dynamic pressure-
generating grooves (hereinafter, referred to as “dynamic
pressure grooves”) are formed. These dynamic pressure grooves
are of a shape where a plurality of V-shaped or U-shaped grooves

are continuous, which shape is generally called a herringbone.
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it has been demanded to formthe thrust plate 1 and thrust flange 7 by a
netal such as stainless steel and a Ni-plated nenber, which are harder than
brass and a resin material. However, press working is carried cut for
formng a pattern having a predeterm ned shape by causing material for 2
formng a processing surface to flow, therefore, flow of material is not
snmoothly carried out for the processing surface made of such a hard
material as a her e e sShoym sin &g if ifficult to make
gr oove portioE§N1 h%pgﬁﬁg%?gpggééﬁgop?ﬁghs E%Eﬁ%hﬁf%fé?d?éég%fo% of _
arr angenept Ah nyPaK), e BhBSSURC B Ehrhdd B g sCLhancal reapen)ohaving
a uniformwdth,”> and“an 1hsufficrency in groove depth, unevenness in depth,
and furtpgsgphGe1RoPsthtBENESEH ANEING: kg OCLU ond DETAILHF RABEA L
dynami c pressurg rooves % cannot 3% obt ai ned. T%%?e?gre, @ﬁen (N%ﬁng
dynani c @feﬁﬁergh%ﬁgevgigﬁgt@paa @ 4 nEeLRIAC by ace, #RuRt CRiMhIRE hod, a

shot bl asting nethod, ng nethod and the |i'ke are carried out.

However , pi-8s 8868 P& éé}?éfaa@ahﬁf@,toaraeaie%n%fpmé%imlﬁwf%rﬁj
cl eani ng” process, a masking process, an etching (a shot blasting, or

pl ati ng)tps opstatingdpaddyediilcaitszivil (@pat dySradlild RtdHHuPE 0EESEe and
furthermore, a cleahing process becone necesSsary, therefore a problem
exi sts sqshet§06dPPERALI P8S PREOTEoSPIRGLER! 8flouheSBhhhBesi AePeald igRpt S.
Di sclosure of the Invention It is an object of the presént invention to

sol ve t hen alheyv ande#cs £ bigite V-Gl 7ed ardUpsREpEd qroynasief phesayhamiype
thrust bearing unit and a manufacturing nethod thereof which is excellent
i,n abr agpressese Yrowees hasheagrooatcewdyinan thermssber off groes.esgndhien
addi ti on, manufacturing processes therefor are easy. 3 A et hod for
manuf actlengich a digpiahi c fpresssse angpdhtehrluke bheard nglsmi flactoatingsto a -~
first aspect of the present invention is a nethod for manufacturing a
dynam c qgsrass dee ype theuzelbsivengumber of wetat yrmrbetween the
pressure-generating grooves are forned on at |east one surface of opposed
surf aceFdRELRNPesY andsgatdanary Ahast gnditee 93, epdisurthenyersei ng
provided on a front end portion of a shaft body, and the thrust plate being
provi de¥185GPS Yo FFokRe FErid o ked Pﬁ@wleﬁrnu*épeﬁ%%’é}n%tboéiysP@@DBhea
rotating body rotatably supported on the shaft body, wherein a

gr oove- E@ﬁ%ﬂf%ﬁ%féh%g#or formi ng thereon the dynanic pressure-generating

L T
L T
por t1 ongyeaianchdeed fin ol 4uTe: NS A RLABIES. dSPEERYECRY Hnl D500 L5 CUL L Ng

surface for formng thereon e dynam c pressure-genetating “grooves can be

carri edgodbyWst RYY Hrinfd & Wy Yor 4IRS En JCCHAIS Y N AT K G95HIS:

generati'ng grooves can be edsily formed.
plate 1 and thrust flange 7 are weak in abrasion resistance and
have a problem such that powder due to abrasion and the like
occuré during use and their lifecycles become short.

Therefore, in order to increase the abrasion resistance,

it has been demanded to form the thrust plate 1 and thrust flange
7 by a metal such as stainless steel and a Ni-plated member,
which are harder than brass and a resin material.

However, press working is carried ocut for forming a

pattern having a predetermined shape by causing material for



A net hod.for manufacturing a dynam c pressure-type thrust bearing unit
according to a second aspect of the present invention is characterized in
that, in the first aspect, a nmetal for form ng the groove-cutting surface
. for form ng thereon the dynam c pressure-generating grooves is caused to
flow froma central portion toward an outer peripheral portion of the 4
surface, and pressed so that an outside dianeter of the pattern becones

aPPT OX| MESht AN, SN Sl 265 PRl c0 cbhe, BLO0YSRUIAdIL S dpeot of

form ng théreo r'essur egenerairng grooves. According to this

const ruc EQ%riggr$S gﬁ%%t9M5?§59r958%§H£QRQ?@ﬁEﬁéfggeQEQﬁﬁﬁi%ffﬂ%gfing

f or med. met h or manufacturi a dynam c pressure-type

uni t accﬁ%@ienﬁft%&ta{‘il{aq:cf“ﬁ%%%tr Qf1 LReapegeent ThayeRLL AN LS CHALACEET I zed
in that, inthe i rst aspect, dynanlc pressur e- genérati'ng-grooves are

pressed an {qut ri r [ I r epped hol e
f or med iquﬁe1gén?&aﬁ%pggpﬁ%ﬁﬁ%?gf%%qg?g%vgyéé??i%gkgagpgcngg¥§#orn1ng

t her eon IC r-£1Gengr-ald : j '

const r ot LR B P L A R e T IR S 2 o
only t Vg Aant BepPEEShrBEGkBIYER Pqthieon ol douands, bhE Havislg

peri pherat portion, therefore, even nore accurate dynam c pressure drooves
can be rgahhzedrmAwiBtRQd ol é@@ﬁﬁ%ﬁéf@né}(dYﬂaf;’}:éoQ@ea%%:%‘,Fype_ thrust
bearing unit according to a fourth aspect of the pfesent invention is

char act eghé@enhBsthiat debitht, Nend ifisit eSprGle, B¥Bat CaPhess untt Rearikid ng
grooves are sinultaneously pressed to both surfaces of the thrust flange.
Accor di ngctar} Nilserxofet ¢ unidore t ¢ eBinainaild piredfsydeagiroovesf prowminen bef the
metal which is caused, by pressing fromboth sides, to flowto the outer
and i nneshbpaineeral portions can be made even smaller. . 5 A et hod for
manuf acturing a dynam c pressure-type thrust bearing unit according to a
fifth aspect Ghertef qureesaviten oamtinn dynantiar gotesswesl grodgvesd 2 iom &he
fourth aspect, phases of the dynam c pressure-generating grooves to be
formed omvhoetalflicesanfache atymsshingmesthed, gedke hibileg tgmepmethed, be
formed on the other surface are adjusted to correspond to each other at the
time of Pprekatirg meebedi Agdt $henildkeomdte FATHIEd fPUEdity of the materia
form ng the groove-cutting surface for formng thereon the dynamc

pr essur e- geneFRWEN§ gr d8vE&CEaRT peh 238 MRIPIHr &V Spmbe T eEHBHOFEESES

Sixin ool Tefng KoaTpaclng PROGRSFon® e L RAPAGEYY Sath 4 %}%&%&%ﬂ?ﬁ;g )
first t, hft body- Vi f f the thrust,f i d
W th a DTS/ YR EAS 1 o heP CORCHIE BRPEEDRY IS ONEI FRH BN arranged
di al | ' d | ti (mately 1
°1 bet st R EHELGE R BRACRRRBRD cikrlSbI 8 Ao BB T O ng

fl at ne < I Vi ce. I 10 i
Qonstrﬁ t%cné,g}’ﬂ%?%gntsesngg léts Bﬁ,gﬁ?ﬁ\ék_ tH gﬁ% ;E/)Er%egegéfﬁgélghr asg% %gblirr%}?%ged,

t her eby REGUEGHD A dRE NEBRAL19EakRE , S halsh 1099y L thegH NEdists [ | ange can

be inmproved. A nethod for manufacturing a dynam™ pressure-type thrust
bearing unit according to a seventh aspect of the present invention is
characterized in that, in the first aspect, after the dynam c

pr essur @igRNIAina @ Hripy esnhereibaen forned, the 6

It is an object of the present invention to solve the
above-described problems and provide a dynamic pressure-type
thrust bearing unit and a manufacturing method thereof which
is excellent in abrasion resistance, has accurate dynamic
pressure grooves, and in addition, manufacturing processes

therefor are easy.



thrust flange or the thrust plate is processed with flatpressing. According
to this construction,deterioration in flatness caused by conpositional
unevenness of the material and differences in accuracy of machinery tools
in use can be inproved. A dynam c pressure-type thrust bearing unit
according to an eighth aspect of the present invention is characterized in
that, dynam c pressure-generating grooves are fornmed on at | east one
surface of opp ] I :an S e
Chrust 1 ange Ber g o 40 et dc IR A B By B o T2

the thr u%tea&liq}geelpgjf@gaég@ﬂ%ﬁg, %%Sga@\%gggogggeegl g)tf pd ‘brtehs?eﬁ@r ust

flange, at a sid a rotat erein‘the dynamc

pressur e4geRead MG O L WS S eféprﬂsﬂukgceagqﬁge ad dgin@tmfw e Qfre-

approximately 1.1 between groove portions an n-groove portions in the

directi O'EX%E 2hrasecpBaLiah NS ath AAPNEh QMG RRRSSUrR—QRIRIAI i)

gr ooves. cording to this”construction, a“dynam C pressure-type thrust

bearing gRbbveldi ghel BoBneq! d et i1k A B39ie0But 8L AP GH KL RIS ia%s
accurate dynam c pressure-generating grooves can be realized. A nmethod for

manuf act g A0t RrEkyH ai £n fE eV EethyRe tl Bl HEk, DERE | 1wt If X HiGg 0 a
ninth aspect of the present invention is characterized in that, in any of

the firsprbhigeahofiey FHdhtAeRACHErtiba GFf 0 \ePradut! bbAYSUsh@CEhd @hriu@k Ng
t hereon the dynam c pressure-generating grooves, which is subjected to

pressi ngplhse Behagdpess idfed,8Gd MOUGPpSIedagebapionsed thReVibkass

har dness. According to this construction, a dynam c pressure-type thrust
beari ng fibahgehi &t & sieecef|xnotat ialy deidynroeatabagpcsupporbed easithy
realized. Brief Description of Drawings Fig. 1 shows a side view and a pl an
vi ew of shahtubodpl, awbeaedor éi gy dav &bt heat sur dicehfopr fsemtingnvent i on
Fig. 2 shows an enlarged view of a nain part of dynam c pressure grooves in
Fig. 1 abderepartdwidysamicpresdsuhe-genevasiag@gnpaves teqmuensaed wathow A;
Fig. 3 shows an enlarged section of a dynam c, pressure grooves-forned

surf ace dfPahEerArWBACh produses ¢ WidHh graviephsapprexniaagedyséetion of

a coining tool according to the sane enbodi nent; . .
between groove portions and non-groove portions in the

direction of arrangement of the adjacent dynamic pressure-
generating grooves.

Accordiné to this construction, the groove portions and
non-groove portions coincide in volume and a plastic
deformation of the groove-cutting surface for forming thereon
the dynamic pressure-generating grooves can be carried out
without difficulty, therefore accurate dynamic pressure
generating grooves can be easily formed.

A method for manufacturing a dynamic pressure-type thrust
bearing unit according to a second aspect of the present
invention is characterized in that, in the first aspect, a metal
for forming the groove-cutting surface for forming thereon the
dynamic pressure-generating grooves is caused to flow from a

central portion toward an outer peripheral portion of the



Fig. 5 shows schematic views for explaining various types f of flat surface
punches according to the sanme enbodinent; Fig. 6 shows side views and plan
views of a thrust flange according to Enbodi nent 2 of the present

enbodi nent; Fig. 7 shows side views and plan views of a thrust flange
according to Enbodi nent 3 of the present invention; Fig. 8 shows schematic
views for explaining press working on the thrust flange according to the

same enbagj e, Enk g%eé%wssécﬂ%@spco#@\_ﬂeefﬁarfﬁ%@éflﬂ %eog%%ewki ng

on a bearing body-recéiving surface o e thrust ange according to the

same e”b%dﬂ?ﬁgs e?%)rgk%xpﬁgiglggglr‘i’lén§ah@”9'ﬁz'éd'a%a|tr§a@§tdP”tt?é grd%{z@l’- art

dynam c pressure-t g unit; and Fig. 11 shows schemati c

vi ew of RiQf iy sdjﬁ'f‘@é*é B£e§§£'ﬁ1§ngr€ﬁ\€§§on5%%fe M3G a4 Oﬁ?ééé’th’@ out the
[ nvention Fbrelnafter odlnents the present I'nventi

descrlbe%éﬂbfgﬂfﬂé(§8bg@§§§ of Figs. 1 through Figs. 9. Herein, identical
synbols wiall be used for conponents form ng constructions simlar to those

of Fig. 10 andAEa:erdliag Wi Ctml%h%r;sfﬁlﬁﬁw&lprm@feaéécuaaéead Alalilced
description thereof wil'l be omtted. (Enbodinent 1) Figs . 1 rough Figs .

5 show Epedisimie der¥rdfitnPreseoies N¥ght benfokmedrbodi ment 1 on the
dynam c pressure grooves-formng surface having a hard netalllc surface

such as st ai nl gafetHeEFordyANE £c Pl LSHYledghanyespPe s eréot ipd ortidat the
wi dt h of groove portions 12 to non-groove portions 13 along the direction

of arranpeseringofunlite asiackirig dydaai chpréssspecyr odvehe? gresEmEs
approximately 1: 1, which is an aspect different fromthe above prior art.

Her ei naf tevenad oshbswcharddatpril{ed ianchdt ginlflog fixstesspepti adyndmic be
gi ven of a dynam c pressure grooves 2 forned on a surface la of a thrust
pl ate 1 pfeasdyeagiengrasing gropyest aregrdesed 7P aniaytenhipdripheral
constructed simlarly to Fig. 10, by way of exanple.
portion of a straight hole ora stepped hole formed in the central
portion of the groove-cutting surface for forming thereon the
dynamic pressure-generating grooves.

According to this construction, the metal for forming the
groove~cutting surface flows not only towards the outer
peripheral portion but also towards the inner peribheral '
‘portion,therefore,evenmoreaccuratedynamicpressuregroo?es
can be realized.

A method for manufacturing a dynamic pressure-type thrust
bearing unit according to a fourth aspect of the present
invention is characterized in that, in the first aspect, dynamic
pressure-generating grooves are simultaneously pressed to both
surfaces of the thrust flange.

According to this construction, restoration of plastic
deformation of the metal which is caused, by pressing from both

sides, to flow to the outer and inner peripheral portions can

be made even smaller.



9 On one surface la of the disk-like thrust plate 1 nmade of stainless
steel, the plurality of V-shaped herringbone dynam c pressure grooves 2
whi ch are arranged along the circunferential direction of the thrust plate
-1 and are bent in the outer circunferential direction are formed. The
groove angle of groove portions 12 ( the angle at which a V-letter is open
) is O through 2 0 , the groove width is 0 .1 through O 5mm the groove
depth is 3 thrﬂmmo%ﬁaﬁ@faew?%g(ﬁ dgh@m%spfés&s:etegga 2lrudbe
dynam c pressure grooves 2 are arranged, with the V-shaped Tront ends of
the groowRaRamd Qi tl % @Bh-d HegNes- §r e9¥enPakhiers ok3 tafd §iidfkid a
countercl ockwi se direction and lined up so that a |ine connecting these
front endsviesamsisidradaiter 1z 80 iQVERA BPRNNEHh SEMAtH BshBBt, phases
circunferential direction. In addition, the groove portions 1% "and the
non- gr oove pRetdPRsmis ditadswhsleg8n8Lat dfig GHeWes td it férfmel enkFie 2 (a)
and Fig. 2(b), pressza§¥king m?th a pattern whereby the wdth of the
groove peutifaee bad @ Hd@iyiHndE OQy@s@@féi@@ﬁei§taﬁ§O@&%o@mr @d pdely 1:1
al ong the direction of arrangenent of the adjacent dynam c pressure grooves
2 [the difoesedoonotha@rgtersur fate @@ mbguskied. t3(dgrs8opEnaeesd icdsh al ong
line [1] [ 2] (line[ 3] - 4] (andline[ 5] - 6] of Fig. 2 ( a
) . Wwherethetrhatwitdiiehs ifMe tdf guegdsd Sn@f the groove portions 12 to the
wi dths S1 through S3 of the non-groove portions 13 are, respectively,
formed so as tArdmocdimg apprhdisnabebsyrhctiochf,t Elupdésy abrihiegaterdad | ed as
such to the surface la of the thrust plate 1 so as to produce a pattern
wher eby foeming thedgheoovie-dwtdligiy tBinfaceefgr oberxmpogt tbrzedd ttdhet he
wi dths S1 through S3 of the non-groove portions 13, which are adjacent to
each ot héynamiaeopteapprexoraegiafing groovesmgadr bgl fhrsherasnpaoyedst i c
deformati on occurs, whereby the groove depths hl through h3 of the groove
portions 12 bé‘c@ﬁﬁhaépﬁ%&maﬁﬁ%% YRARIE PAEES W aTiRpe é\‘ﬁéHS%i th the-
thrust plate,1 nade of a hard netallic, surface such_as stainless steel, the
accur at PHFRART cUPFESEGFErGiGEV AL B S&rtie aBR8TY 95 HB8 BYepRBESs wor ki ng.

Thereforge, the,thrust plate r exc n co iLon resistance,ggg%istance

.l ent | rros
Lo cheni CATSERAPBELE SHATAGHAR ALY o8 EPahoc b 4A b BBE A HREE Lt Fl
on the_ O TTRESHRHBE MR ER L Lot I e s et B eh e
d ! ial..d i i Th f ,
Lovar d e QULETALLRURLERENELAL LU SEAB LIS A P B R5, WPEIL e Ther of o7

dependi e conposrtion o terial for formng rust plate

1, ins , ) e rnal i : ow A
shown | U RoER ragSORRE UBTEBRRANAAy DU WhGHECeS 4R ARidih)

det eri or@is olfNappehximERedy 851 Hedd thiedcodcatl SOFEi oS @MHd ERet he
outer circunference of a coining tool 3 for applying press working, a

patt er n donvedt MBSl SLoAdAt t hBeeBYt Singhe olinkefdatifeddeo Hyitpdn shPFeSsur e
grooves 2 becones approxi mately equal to the outside dianeter of the thrust

pl ate 1bddie-r=hepivdigtéerfseat end of the coining tool 3 is forned in a
convex shape 3a where the central portion swells up, and during pressing,
the m According to this construction, flatness of the shaft
body-receiving surface is improved, thereby accuracy of
attachment of the shaft body to the thrust flange can be
improved.
A method for manufacturing a dynamic pressure~-type thrust
bearing unit according to a seventh aspect of the present

invention is characterized in that, in the first aspect, after

the dynamic pressure-generating grooves have been formed, the



material for formng the thrust plate 1 is actively pushed out to the outer
circunferential portion for plastic deformation, thus the flatness of the
thrust plate 1 can be inproved. In addition, in a case where deterioration
.in flatness occurs on the thrust plate 1 due to conpositional unevenness of
the material constructing the thrust plate 1 and differences in the
accuracy of tools, by applying a flattening press after the above pressing,
a dynam ctpressUfeahypeotrhittist thedsdtnplatd Wrscsisél Pigherlagcuracy
can be realized. - As a flattening press, a flat surface-pushing press

wher ei n t@ﬁeé@iﬂgt plate 1 is sandw ched between a flat surface punch 4 and
a flat surface die 4a as shown in Fig. 5(a), a waffle-die press wherein the
thrust plate 1acecyaiiy ebathictvastracwabhl edster popghibnhiavEnatakskl ate
proj ections provided all over the punching surface thereof and a waffle die
5a as shayqused Fbg. cSpos ieibauer senélehnessf agethler matey iRrlesmavherein the
thrust plate 1 is sandw ched between a reverse flat surface punch 6 and a
reverse fdiofferefiose iheabaunhtohodr embchinbed toobe finatissirdaceeshapes
reverse to the curve of a work-piece as shown in Fig. 5 ( ¢ ) and the |ike
can be usertprd¥ed hese, a single press may be used or a plurality of presses
may be used in conbination. In addition, in the above description, a case
wher e the dynahAi dypamss pregswneesye arrerdst bedrdamonaiti decbaddahgt be
thrust plate 1 has been descri bed by way of exanple, however, the present

i nvent i oarc&d glltdo abpeappbifettheoprasestwhrvent hendynarhar pecessiizedgimoves 2
are formed on one side of the thrust flange 12 7 and on both surfaces

t her eof . thataddiynamic pressese-geperahisgbasnodesc dnse armehonfatexanpl e
as the material for formng the thrust plate 1, however, the present

i nvent i oA a8 theme ismanfare&afePPaErA £Wetagesloha i Hy Wk dhkargefando
through 340 in ternms of Vickers hardness nay be used, As such a material,
for exanpl BRTPEERLatReIth RSN fBP&ﬁfeb‘éxﬂgtHi“eOW“&%dc%{habéra%(fnq n

fhe dynaRPEHeBceR 8 GhobboRoByr onhd SRR T MAF ek 11 B Bive
Phe. pr oséRt S BRGRo (2 101 0R i ook BF B and- ERECYr S6vE BOS S 2. may
Pe o SOmNER ) e 0 AR M D SRR T (07
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groove portions and non-groove portions in the direction of
arrangement of the adjacent dynamic pressure-generating
grooves.
According to this construction, a dynamic pressure-type
thrust bearing unit which is excellent in abrasion resistance
and also has accurate dynamic pressure-generating grooves can
be realized.
A method for manufacturing a dynamic pressure-type thrust
bearing unit according to a ninth aspect of the present
invention is characterized in that, in any of the first through

seventh aspects, the groove-cutting surface for forming thereon

the dynamic pressure-generating grooves, which is subjected to



central portion thereof, which is a different aspect, however other aspects

- of the construction are the sane as those of the above Enbodi nent 1. As

shown in Fig. 5(a), on the central portion of the disk-like thrust flange
- 7, the step-less straight hole 14a for fixing the front end of a shaft
portion 11 is formed, and on the outer circunferential portion of the hole
1l4a of one surface 7a of the thrust flange 7, the dynam c pressure grooves
2 simla : hgse h [ : iblyi @Ry, I N
Fio 6 (B e P B D e For 1 i T P s aRsel T
shaft poytéRBerd lhRY¥qaeserew is forned on the central portion of the thrust
flange 7, and simlar to the above, the dynam c pressure grooves 2 are

formed on the pfg Gl RETheH@NELRL tPAELI®M Ok apﬁam&epﬂégs%etbsgéurface

7a. As such, in the case where the dynam c pressure grooves 2 are Torned on

the thrughrdsanae i hauing thedl nal ghtehaledtl4a ebrkBecnt eppedchake 14b
formed, since the material for formng the thrust flange 7 flows, due to

press WogkhNge £9¥R1¢ PeE198kY.the outer circunferential side but also the
inner circunferential side, fluidity is still enhanced and accurate dynam c

pressure grooves can be easily realized. Furthernore, the fluidity on the
inner circunferential side of the material is slightly inferior to the

fluidityseiet weodt £pt ohCcolf prantings side, and if the difference in
fluidity becones great, in sonme cases, flatness of the thrust flange 7 is

decreased.. | miguch stosws.a bidprotessand a paahrobéwentl apohruen platée
coining tool 3 into a convex shape 3a simlar to the above and actively
pushi ng amdordingret@rEmbotddmeéhe dubér thier puefsemdntiratersiicm ; t he fl at ness
can be inproved. (Enbodinent 3) Figs . 7 through Figs . 9 show Enbodi nent 3
of the presenFigavénshows &n &nbadgednvigw, ofhe mgharparpretsyramiooves 2
are formed on both surfaces 7a and 7b of the thrust flange 7, which is a

di f f er eresPE® greowesein Diderl aspeenlavged fecicing oft tha gFeoYeR sane
as those of the above respective enbodinents. In general, dynam c pressure
gr ooves 3 qny e digretdion af arrow A;

Fig. 3 shows an enlarged section of a dynamic pressure
grooves-formed surface of the thrust plate in Fig. 1;

Fig. 4 shows an enlarged section of a coining tool
according to the same.embodiment;

Fig. 5 shows schematic views for explaining various types
of flat surface punches according to the same embodiment;

Fig. 6 shows side views and plan views of a thrust flange
according to Embodiment 2 of the present embodiment;

Fig. 7 shows side views and plan views of a thrust flange
according to Embodiment 3 of the present invention;

Fig. 8 shows schematic views for explaining press working
on the thrust flange according to the same embodiment; |

Fig. 9 shows schematic views for explaining press working
on a bearing body-receiving surface of the thrust flange

according to the same embodiment;



t he opposed surfaces of the thrust plate 1 and the thrust flange 7 are
“referred to as mmin grooves, and these nmin grooves are nostly forned for
t he purpose of generating a floating-up anount. In addition, dynam c
- pressure grooves to be fornmed on the side of the shaft body 11 of the
thrust flange 7 are referred to as sub-grooves, and these sub-grooves are
formed for the purpose of preventing contact between a rotating body and a
solid body in phe,tRpushodis’ @CUidHy W LhLC QU S DehtbgubaplkyoklagCase
where an excessively floating-up condition occurs under |ow tenperatures
and the ldymiRon Qe esbﬁmstnbgbgin§ Gndt); andd sub-grooves 2b are
formed on“the surface 7a on the shaft body 11 side of the thrust flange 7
and main gr00Vﬁ§9231§rShB%%”%ds%%éH%%ﬁﬂﬂﬁfgwf&@3ﬁEﬁéPﬁafbr&§haﬂH%te 1
side, it beconmes unnecessary to formdynam c pressure grooves on the s ides
of the t@&@ggugkaggogv%gq the sleeve 10, therefore, a reduction in cost can
be realized. In addition, by making the respective pattern shapes of the
mai n grooves 2a and the sub-grooves 25 simlar to those of the above
respective enbodi nents, accurate dynam c pressure grooves 2 can be forned.
Furt her npeet Mbd@f@%&\@yﬁﬁyﬁhésbﬁﬁrm%éap@@gﬁtyoﬁpplied to both surfaces of
the thrust flange 7, the material which flows to the outer circunference
and i nner ciraefeieactetrs empbdifdnhy efoene- Ehé&@dltpdfntvieml’lﬁ.cﬁf wil€l upper
and |l ower tools, and the nmain grooves 2a and the sub-grooves 2b are forned
in a condet descwlibed restdetadibrbwimgarstof Fiegor nht throbhah Fdemwe Siill
| ess. Therefore, the groove depth of the main grooves 2a and the 15
sub- grooves 2B ermin heidenghtadf spmbodsomid lpbet ivsed Ifdheoomeonents
approximately the same depth and hei ght between the inner circunferential
si de andfeumangcéershtectirng sinddartbe theaseff Figgel? drdifig mdile
accurate dynam c pressure grooves 2 formed can be realized. A so, in the
case whev¥RlphesBowWoitkenghoyssipfillaariddus|andppldetaibedotAssSEiPAd®d of the
thrust flange 7, the positions of the tool for form ng the main grooves 2a
and the FB%?e?SrWﬂéﬂngﬁgoﬁﬁépﬁﬂb-grooves 2b interfere with each other,
thereby easily _influencing the depth of the grooves, therefore, it is
pr ef erabl e to( Riliich fess so that the main grooves 2a becone phased
wi th the sub-gr.oove . _For exanpl g, _as wn.in Fig. a in.,a case
where a tool g‘ré}?sf'oirrggf:ﬁélgﬁa?ﬁgﬁrOSV%QO‘QE}'%&FFP@I{'g’ol"%%@oi’ﬁ?"”?ﬂ& sub
grooves f& eﬂ{i | €ss working is performed so that a convex portion 15a of
“the toot "B Y% a convex portion 15b of the tool 8b and a concave-portion
16a of the togl It conc i .16 L f erence
T B e £ R B hRRE P2 Op sheg bPRov ERebBhERg

between tools is re materi a e made unitorm and
further n@{face having a hard metallic surface such as stainless steel,
dynamic pressure grooves 2 are formed so that the width of groove
portions 12 to non-groove portions 13 along the direction of
arrangement of the adjacent dynamic pressure grooves 2 becomes
approximately 1:1, which is an aspect different from the above
prior art.

Hereinafter, as shown in Fig. 1l(a) and Fig. 1(b), a
description will be given of a dynamic pressure grooves 2 formed
on a surface la of a thrust plate 1 of a dynamic pressure-type
thrust bearing unit, which is constructed similarly to Fig. 10,

by way of example.



accurate, dynam c pressure grooves can be obtained. A so, as shown in Fig. 8
(b ) , by performng press working so that a convex portion 15a of the tool
8a fits a concave portion 16b of the tool 8b and a concave portion 16a of

. the tool 8a fits a convex portion 15b of the tool 8b, simlar effects can
be obtained as well. Herein, in the above description, the thrust flange
havi ng the straight hole 14a formed thereon has been descri bed, however, 16
as shown in Fign 3fB)suzracll har odesgel Bliis®D1aMe it tdIeytdr Ushadd ange
havi ng the stepped hole 14b fornmed thereon. Also, as shown in Fig. 7 ( b))

, Ina CQSEQMwﬂﬂiééﬁiéb@éﬂﬂCtmé%@E@i@l9£90M§Sv25Bapédb%%&ﬁﬁﬂgﬁﬁh@n bot h
surfaces of the thrust flange having the stepped hole 14b formed thereon,

since thagyphafit pe@sshlrd ghdowsk by wieieM age dherabetealany ahaegree of
flatness 1s required on the receiving surface of the shaft body 11. In

addi ti oncikBuhife reatd athelig ddig dihidsttHd angaist il dtiexad dr tdee dhafd body
11 by a screw (unillustrated), a space is produced between the front end of

this screw tne duteebetirelnferidnyy f darserdwrhake pbrmde.shené dyasbrd 1. | f
air exists in this space, the air expands due to a change in tenperature
and pushesgdel opugsodeet perbtansnd2 (tiee edygTaust nhiach & v leadcesSiikce oi |
is filled in the space produced between the front end of the screw and
screw hobeebptism pomdugh 2i0t°,i sheegessaeywidthaisnhil tpatchsgo® .tSven ,opposed
surfaces of the thrust flange 7 and the shaft body 11. Accordingly, in the
t hrust fthegerdocendeptbttsl hshetmygh iI8uR g.and the numbersiodwgrioovieisgs . 9,
on the receiving surface for the shaft body 11 around the stepped hol e 14b,
oi | pat hiss (8okkBeegportdi-ons 17) are formed by providing gaps between

annul ar pressing portions, and also in order to inprove flatness thereof,
convex porti of$en dynpnie poORTVEe perPPYARS 27azpe arFeRs@hy wWirtdssthwr ki ng .
In particular, convex portions 9 to be fornmed on_the surface 2b on the

shaft bothFhapred J& it eRESIF e FTRYR PPN S 12u3Rd ithe RBNFEFRPVRe oi |
ths, and c tions 9.to b f the surface 2a on t
Phr ust BORTCL NS, SEHEFEY f 5 SounF OHGIOr LA RICE ST Ahe SREPA body
11 is i t -fitted). Ho | | yi Ki ,
the ot BBof brBI 19 it HORHECEGREab BBt S SHAR BRNOPEPoRiF SR LA or af o
. .. .1 tlat G
D s M A P TRBEANEH AR oy HA ASSUGAUR LRSS Rl i negessary
In this Q0 SNt n &S ISCBWQ é}&tl.:i ns gff)aﬂgr%rhgﬁa%rioég) or’c%ohé
1 at r g RP

necessary to inprove the €ss” by appl yi ng press in ar to that

of the dgnam ! r Qv j 0 qt b Epbgdi 1 retely,
as showg}gi ﬁwlyi%ggng (& Oq‘a%’d%% g’?“’g”d( g)n ?ggﬁeg\égg\%e?gor tg:?g S %ng%’ﬂ?he
concave 2pent,| sle/ . wbk £Rg a7 €t A0 NBE teR rifh & heredfy &N U Biiend £ aghoortion
of the hole 14b, are radially arranged at even intervals. Nanely, the
roughl y greevangda i SsVEX er thensonhigebolec e tilvnekears thecséeser to the
outer circunference are radially arranged at even intervals. These convex
porti onappraxdmateinged: Atabhongnghe dfrébtiandoifn akirgnddnent aif arthengl e of
30. The width of the convex portions 9 to the concave portions 17 along the
ci rcunf adgaciealt dynenticopressaperagsoomee2l2y[the. d Byecaioyiofjavubwa pr ess
with such a pattern, flatness of the receiving surface for the shaft body
11 is inproveker|exanpileiofidas 2dkowsHavsigeciens antorgglined] ]l J+he
convex portions 9 and the concave portions 17 are concentrically arranged
on the g&ﬂerlépﬁcﬁﬂﬂeﬁédbiandpbiﬂﬁoh5&f[ﬁﬂeoﬁofbgi4%(ahj3Whereln the

widths tl1 through t3 of the groove portions 12 to the widths
S1 through S3 of the non-groove portions 13 are, respectively,
formed so as to become approximately 1:1.

After press working is applied as such to the surface la

of the thrust plate 1 so as to produce a pattern whereby the

10



and the convex portions 9 of Fig. 9(c) are, respectively, divided at 90,
~and the convex portions 9 of Fig. 9 (d) , at 45. A press has been carried
out with a pattern whereby the width a of the convex portions 9 to the
-width b of the concave portions 17 along the radius direction [a-(3]
beconmes approximately 1:1. By formng the convex portions 9 and the concave
portions 17 with such a pattern, simlar effects to the above can be

obt ai ned yag1tM lt1 BRh YO NG S Ut reiad gt dhs | IR acsagee Wiedené he
shaft body 11 is attached-by a method such as screw ng, press fit,

adhesi on,sidepesubhs &f the hokegrbogkiphtt dnAAGYr @6 chadrad jaraved and
al so oil | eaks can be reduced, therefore, a further highly accurate dynam c

pressur etloyggech ytisdr beadond Hﬁ?‘:oﬁdﬁlab@l?bl 8l hethe A3 tlas aheenowesaid bed
above, according to the nethod for manufacturing a dynam c pressure-type
thrust baaplagtir tdedo rintee: idw eddd@hs, byhéaebyi BHeOgrodver deptig Mhia
pattern whereby the width of the groove portions to the width of the

non- gr oox@rpaghi ABSo f Nt h&eghsee tport inarrangoy a@fp ridie radj eloertheynam c
pressure-generating grooves becones approximtely 1:1, even with the thrust
pl ate or sthe deptnt. fl ange nade of hard netal having hardness of 180
through 340 in terns of Vickers hardness, accurate dynam c

pr essur e- generitcoud Dn@by gseven wietleadid whirasteglhyepl essdaaskianpartthus a
dynam c pressure-type thrust bearing unit which is excellent in abrasion
resi st anmetahdial swrhase s &y stannbeseastegly ethe aeturkd e dgnbstiict ut e
Sheet CLAIMS - 29 March 2003 1. A nethod for manufacturing a dynam c
pressur eP¥r§PBUrAr g5PONEesr i2ngamike jga skl i agmedn ky ppressr voykhsgat i ng
grooves are formed on at |east_one surface of opposed surfaces of a thrust
fl ange ahbBerefarastthn thsusthal ate dsexgebhert & PRI pPOHIPAEESHF@IIDNt end
portion of a shaft body, and the thrust plate being provided, in an opposed
rel ati ont€3LERANERIERICHEBEGR]L Ghange AN bR FGH I ite§ IFTANGLCaPabry
supporte on,th§ shaf t boﬂg, wherein grogve-cutting surface for formng

t her eon PAERHYRAM EPPF els @TSEﬁErﬁPﬁﬁB gho¥RECREapFeERERST PRAG1RGt t ern
whi ch produces_a w dth iati of approximately-1:1 between groove portions
andlunv%Rva%ﬁﬁo??iBﬁg tA€S di rection of arrangenent of the adjacent
dynam c pressur atin oQVes, f usi i Nk t ool
havi ng a cent%gﬁ%ggﬁﬂiéﬂlgﬂg%lgh ubligga£§g%§gxbgéggeia%g ge%gggggﬁiforned

In an ouhel, &l royt rﬁé?@??a&h?ﬁ%%fs IR e RS d&%xﬁﬁ%ﬁéqf’{ai he

dynami c pressure-generating grooves becones approxi nmately eqgual to the

out si de 44 Am £In Qud Neo tPESE Bb2kSngt herimeréfsee | 0apEng 4G Sherdynani c

pressuregenerating grooves Is pressed”so that a material for formng the

thrust pcMpod St et thld mh@ el aQUEBE £6FRUAG SRR ROpl e aNdin
subj ected to plastic deformation, thereby to Inprove flatness of the thrust

plate. Zomke takke] & @hapnuwhagleUt hed entthdlapoe tioesswe Bl § Yeak b tsdw beari ng
unit as set forth in Cdaiml1, wherein 20 Substitute Sheet - 29 March 2003
dynam c Aorsdssar drganey.ati nigs giaaoved are firessess taf arheutharu perp Jdes al
portion of a straight hole or a stepped hole formed in the central portion
of the drsdMarniiyt ideteridngtesSor form ng thereon the dynamic
pressure-generating grooves. 3. A nethod for manufacturing a dynam c
pressure-typelnigush dheasarg asnshows $ptFigrtdy it® Spaeneitenhedritthalynani c
pressure-generating grooves are sinultaneously pressed to both surfaces of
t he t hr g&tef gigeumference of a coining tool 3 for applying press

working, a pattern is formed so that the outside diameter of
the dynamic pressure grooves 2 becomes approximately egual to
the outside diameter of the thrust plate 1, the shape of the
front end of the coining tool 3 is formed in a convex shape 3a

where the central portion swells up, and during pressing, the

11



4. A nethod for manufacturing a dynam c pressure-type thrust bearing unit
“as set forth in Caim4, wherein phases of the dynam c pressure-generating
grooves to be formed on one surface and the dynam c pressure-generating
.grooves to be forned on the other surface are adjusted to correspond to
each other at the time of pressing. 5. A nmethod for manufacturing a
dynam c pressure-type thrust bearing unit as set forth in Claiml, wherein

a shaft hnslyereedi SonF i ehef thirasthplstefl drgacitd vierlgs padhwidt buad
pattern which forns concave portions and convex portions radially or
concent ritaldhe autarged rcand epleodicas polte iwndEbrrel &9t 08 dppsexatabaly 1.1
bet ween the concave portions and the convex portions, thereby to inprove

fl at ness tfud hehehal sthedy- ecehei rprasnf adeted 1. camidothgaved.

manuf acturing a dynam c pressure-type thrust 21 Substitute Sheet bearing
unit as set folnhaiddi€isny in whesaien whet® Mutey 2B 291 ein tieathyessi c
pressure-generati ng grooves have been forned, the thrust flange or the

t hrust pladeirs qu cdes dnrwet hpXfdted -Ppraassitey.compos i L yiessniessype
thrust bearing unit in which dynam c pressure-generating grooves are forned
on at | east thepanstuef Azk afnsipposethg dwhfeatbsust @ ate Usand ldferentcas t hr ust
plate, the thrust flange being provided on a front end portion of a shaft
body, andn hbet Acasrapyact tm s, pnoepddy,ingnaafhlappesiédgretess attert he
thrust flange, at a side of a rotating body rotatably supported on the
shaft bodyre aheveipradminynandynpnis aressjurertiipay hgussvesaniaghorited to
produce a width ratio of approximately 1:1 between groove portions and

non- gr ooV@ Ve isdrisl i highr¥ cx2¢wHaeY @RRaRgereAligfdrhe adj acent dynanic
pressure-generati ngégr ooves, and a shaft__body-receiving surface of the

thrust flange #% dr&33E8ERiPA RIFESvern TRt WdaRe vRRIRI RF€FONs and
ati o of VhEBPOR HE Y S S RIGRR AL RADQRH A DRGMeons BIAE e lafvex
B A ot RBBCoA FRUPRCIAY R S ARRAME OF cRaur G2 pant Fredet heari A uni ¢
o5 £ FAE LR O LA MO LU P00 S0, LR aRYE ou 1
S charL BREeLA B 53R, 41 bl O3 e 0 U 3dg e essen I
A FAL. Ay bl £B1 Afvlr RHE AFnéB3hgAfRRr fece lerkdk find a waffle die

5a as shown in FJ.g 5(b), a reverse flat surface-striking press

wherein the thrust plate 1 is sandwiched between a reverse flat

surface punch 6 and a reverse flat surface die 6a which are

finished to be flat surface shapes reverse to the curve of a

work-piece as shown in Fig. 5(c) and the like can be used. Of

these, a single press may be used or a plurality of presses may

be used in combination.

In addition, in the above description, a case where the

dynamic pressure grooves 2 are formed on one side la of the thrust

plate 1 has been described by way of example, however, the

present invention can also be applied to cases where the dynamic

pressure grooves 2 are formed on one side of the thrust flange

12
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a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caJca] ca] ca] ca] ca! XYY
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<109BB&' ()-1!109B& ()-!'&y "10% B B& ()- vy "109B& ()- '& 109%& ()-!9&

10%e& (PreoVRIRIEUO®BI12 of the dynamic pressure grooves 2 is a concave

| "10% & () - $_10%&'1%- z! &10% / & ()-sF"10% & ()-10% & ()- 10BB 10BBb] dEE 10BB!

-10% & (POrtigepogng (Hhe nonggrgove Portionsls @ gonyew Borrios ragdkeen ) - J

*dEE 10BB! yL9 "10% & ()-Y7f10% & ()-f5 10% & ()-3'10% & ()-1 | i

"109% & (§eF3b3ped(hy way cdyexgpppe  however, the present invention is

not limited hereto and the groove portion 12 may be a convex
portion and the non-groove portion 13 may be a concave portion.

(Embodiment 2)

Figs. 6 shows Embodiment 2 of the present invgntion._

In Embodiment 2, the dynamic pressure grooves 2 ére forrpéd
on the thrust flange 7 having holes 14a and 14b formed on the
central portion thereof, which is a different aspect, however
other aspects of the construction are the saxﬁe as those of the
above Embodiment 1.

As shown in Fig. 6(a), on the central portion of the
disk-like thrust flange 7, the step-~less straight hole 14a for
fixing the front end of a shaft portion 11 is formed, and on
the outer circumferential portion of the hole 14a of one surface
7a of the thrust flange 7, the dynamic pressure grooves 2 similar
to those of the above Embodiment 1 are formed.

In addition, in Fig. 6(b), the stepped hole 14b for fixing

13
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the front end of the shaft portion 11 by a screw is formed on
the central portion of the thrust flange 7, and similar to the
above, the dynamic pressure grooves 2 are formed on the outer
circumferential portion of the hole 14b of the surface 7a.

As such, in the case where the dynamic pressure grooves
2 are formed on the thrust flange 7 having the straight hole
l4a or the stepped hole 14b formed, since the material for
forming the thrust flange 7 flows, due to press working, toward
not only the outer circumferential side but also the inner
circumferential side, fluidity is still enhanced and accurate
dynamic pressure grooves can be easily realized.

Furthermore, the fluidity on the inner circumferential
side of the material is slightly inferior to the fluidity on
the outer circumferential side, and if the difference in
fluidity becomes great, in some cases, flatness of the thrust
flange 7 is deéreased.v In such cases, by processing the front
end portion of the coining tool 3 into a convex shape 3a similar
to the above and activély pushing out the material to the outer
circumferential side, the flatness can be improved.

(Embodiment 3)

Figs. 7 through Figs. 9 show Embodiment 3 of the present
invention.

In Embodiment 3, the dynamic pressure grooves 2 are formed
on both surfaces 7a and 7b of the thrust flange 7, which is a
different aspect, however, other aspects of the construction
are the same as those of the above respective embodiments.

In general, dynamic pressure grooves 2 to be formed on
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10!'! F" 10flo 3481 ¥ ¥ofrmeti0fo & he) piPPose of generating a floating-up amount.

In addition, dynamic pressure grooves to be formed on the side

of the shaft body 11 of the thrust flange 7 are referred to as

sub-grooves, and these sub-grooves are formed for the purpose

of preventing contact between a rotating body and a solid body

in the thrust direction which occurs particularly in a case

where an excessively floating-up condition occurs under low

temperatures and the like.

For example, as shown in Fig. 7(a), if sub-grooves 2b are
formed on the surface 7a on the shaft body 11 side of the thrust
flange 7 and main grooves 2a are formed on the surface 7b on
the thrust plate 1 side, it becomes unnecessary to form dynamic
pressure grooves on the sides of the thrust platel and the sleevg
10, therefore, a reduction in cost can be realized; .

In addition, by making the respective pattern shapes of
the main grooves 2a and the sub-grooves 25 similar to those of
the above respective embodiments, accurate dynamic pressure
grooves 2 can be formed.

Furthermore, if press working is simultaneously applied
to both surfaces of the thrust flange 7, thematerial which flows
to the outer circumference and inner circumference is captured
by groove-shaped portions of the upper and lower tools, and the
main grooves 2a and the sub-grooves 2b are formed in a condition

where restoration of plastic deformation has become still less.

Therefore, the groove depth of the main grooves 2a and the
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sub-grooves 2b and the height of non-groove portions 13 become
approximately the same depth and height between the inner
circumferential side and outer circumferential side, the thrust
flange 7 having more accurate dynamic pressure grooves 2 formed
can be realized.

Also, in the case where press working is simultaneously
applied to both surfaces of the thrust flange 7, the positions
of the tool for forming the main grooves 2a and the tool for
forming the sub-grooves 2b interfere with each other, thereby
easily influencing the depth of the grooves, therefore, it is
preferable to carryout a press so that themain grooves 2a become
phaséd with the sub-grooves 2b.

For example, as shown in Fig. 8(a), in a case where a tool
8a forms the main grooves 2a and the tool 8b forms the sub-
grooves 2b, if.press working is performed so that a convex
portion 15a of the toc_:i 8a fits a convex portion 15b of the tool
8b and a concave portibn 16a of the tool 8a fits a concave portion
16b of the tool 8b, interference between tools is reduced,
fluidity of the material can be made uniform, and furthermore,
accurate dynamic pressure grooves can be obtained.

Also, as shown in Fig. 8(b), by performing press working
so that a convex portion 15a of the tool 8a fits a concave portion
16b of the tool 8b and a concave portion 16a of the tool 8a fits
a convex portion 15b of the tool 8b, similar effects can be
obtained as well.

Herein, in the above description, the thrust flange having

the straight hole 14a formed thereon has been described, however,
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Also, as shown in Fig. 7(b), in a case where the dynamic
pressure grooves 2 have been formed on both surfaces of the
thrust flange having the stepped hole 14b formed thereon, since
the shaft body 11 is fixed by screwing, therefore, a high degree
of flatness is required on the receiving surface of the shaft
body 11.

In addition, in the case v;here the thrust flange 7 is fixed
to the shaft body 11 by a screw (unillustrated), a space is
produced between the front end of this screw and the bottom
portion of a screw hole of the shaft body 11. If air exists
in this space, the air expands due to a change in temperature
and pushes oil outside the bearing, thereby causing an oil leak.
Since o0il is filled in the space produced between the front en_d
of the screw and screw hole bottom portion, it is necfessary to
form oil paths on the opposed surfaces of the thrust flange 7
and the shaft body 11.

Accordingly, in the thrust flange 7 constructed as shown
in Fig. 7(b), as shown in Figs. 9, on the receiving surface for
the shaft body 11 around the stepped hole 14b, 0il paths (concave
portions 17) are formed by providing gaps between annular
pressing portions, and also in order to improve flatness thereof,
convex portions 9 and the concave portions 17 are formed by press
working. 1In particular, convex portions 9 to be formed on the
surface 2b on the shaft body 11 side of the thrust flange 7 have

a function to form the oil paths, and convex portions 9 to be
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as a contact surface when the shaft body 11 is inserted
(press~-fitted).

However, merely applying press working on the convex
portions 9 and the concave portions 17 cannot realize accurate
press working as mentioned above, and accurate flatness which
is necessary as the contact surface of the shaft body 11 cannot
be obtained.

Therefore, in this embodiment, as shown in Fig. 9(a)
through Fig. 9(d), it is necessary to improve the flatness by
applying press working similar to that of the dynamic pressure
grooves 2 in the above (Embodiment 1).

Concretely, as shown in Fig. 9(a) and Fig. 9(b), the convex
portions 9 and the concave portions 17, which are formed on the
outer circumferential.portion of the hole 14b, are radially
arranged at even intervals. Namely, the roughly rectangular
convex portions which become thicker the closer to the outer
circumference are radially arranged at even intervals. These
convex portions 9 are arranged at an angle of 45°, and in Fig.
9(b), at an angle of 30°. The width of the convex portions 9
to the concave portions 17 along the circumferential direction
1s approximately 1l:1. By carrying out a press with such a
pattern, flatness of the receiving surface for the shaft body
11 is improved.

In addition, as shown in Fig. 9(c) and Fig. 9(d), the
convex portions 9 and the concave portions 17 are concentrically

arranged on the outer circumferential portion of the hole 14b,
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A press has been carried out with a pattern whereby the width

a of the convex portions 9 to the width b of the concave portions

17 along the radius direction [a-{3] becomes approximately 1:1.

By forming the convex portions 9 and the concave portions 17

with such a pattern, similar effects to the above can be obtained

as well.

By employing such a construction, in a case where the shaft
body 11 is attached-by a method such as screwing, press fit,
adhesion, deposition or the like, inclination accuracy can be
improved and also 0il leaks can be reduced, therefore, a further
highly accurate dynamic pressure-type thrust bearing unit can

be obtained.

As has been described above, according to the method for
manufacturing a dynamic pressure-type thrust bearing unit 6f
the invention, by carrying out a press with a pattern whereby
the width of the groove portions to the width of the non-groove
portions in thedirection of arrangement of the adjacent dynamic
pressure-generating grooves becomes approximately 1l:1, even
with the thrust plate or the thrust flange made of hard metal
having hardness of 180 through 340 in terms of Vickers hardness,
accurate dynamic pressure-generating grooves can be easily
formed by press working, thus a dynamic pressure-type thrust

bearing unit which is excellent in abrasion resistance and also

has accuracy can be easily realized.
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grooves are formed on at least one surface of opposed
surfaces of a thrust flange and a thrust plate, the thrust
flange being provided on a front end portion of a shaft
body, and the thrust plate being provided, in an opposed
relation to the thrust flange, at a side of a rotating body
rotatably supported on the shaft body, wherein
a groove-cutting surface for forming thereon the
dynamic ©pressure-generating grooves 1s pressed with a
pattern which produces a width ratio of approximately-1l:1
between groove portions and non-groove portions in a
direction of arrangement of the adjacent dynamic pressure-
generating grooves, and
thereafter, wusing a coining tool having a central
portion swollen up in a convex shape and a pattern formed in
an outer circumference thereof so that the outside diameter
of the dynémic pressure-generating grooves becomes
approximately equal to the outside diameter of the thrust
plate, the surface formed with the dynamic pressure-
generating grooves is pressed so that a material for forming
the thrust plate is pushed out to an outer circumferential
portion and subjected to plastic deformation, thereby to

improve flatness of the thrust plate.

2. A method for manufacturing a dynamic pressure-type

thrust bearing unit as set forth in Claim 1, wherein
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dynamic pressure-generating grooves are pressed to an
outer peripheral portion of a straight hole or a stepped hole
formed in the central portion of the groove-cutting surface for

forming thereon the dynamic pressure-generating grooves.

3. A method for manufacturing a dynamic pressure-type thrust

bearing unit as set forth in Claim 1, wherein

dynamic pressure-generating grooves are simultaneously

pressed to both surfaces of the thrust flange.

4. A method for manufacturing a dynamic pressure-type thrust
bearing unit as set forth in Claim 4, wherein

phases of the dynamic pressure-generating grooves to be
formed on one surface and the dynamic pressure-generating

grooves to be formed on the other surface are adjusted to

correspond to each other at the time of pressing.

5. A method for manufacturing a dynamic pressure-type thrust

bearing unit as set forth in Claim 1, wherein

a shaft body-receiving surface of the thrust flange is
pressed with a pattern which forms concave portions and convex
portions radially or concentrically arranged, and produces the
width ratio of approximately 1l:1 between the concave portions

and the convex portions, thereby to improve flatness of the

shaft body-receiving surface.

6. A method for manufacturing a dynamic pressure-type thrust
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7. A dynamic pressure-type thrust bearing unit in which
dynamic pressure-generating grooves are formed on at least
one surface of opposed surfaces of a thrust flange and a
thrust plate, the thrust flange being provided cn a front
end portion of a shaft body, and the thrust plate being
provided, in an opposed relation to the thrust flange, at a
side of a rotating body rotatably supported on the shaft
body, wherein the dynamic pressure-generating grooves- are
formed to produce a width ratio of approximately 1:1 between
groove portions and non-groove portions in a direction of
arrangement of the adjacent dynamic pressure-generating
grooves, and a shaft body-receiving surface of the thrust
flange 1is pressed with a pattern which forms concave
portions and convex portions radially or concentrically
arranged, and'broduces the width ratio of approximately 1:1
between the concave portions and the convex portions,
thereby to improve flatness of the shaft body-receiving

surface.

8. A method for manufacturing a dynamic pressure-type
thrust bearing unit as set forth in any of Claim 1 through
Claim 7, wherein

the groove-cutting surface for forming thereon the
dynamic pressure-generating grooves, which 1is subjected to
pressing, has a hardness of 180 through 340 as expressed in

vickers hardness.
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