8 July 2005 DESCRI PTION DYNAM C PRESSURE- TYPE THRUST BEARI NG UNI T AND
-MANUFACTURI NG METHOD THEREOF Techni cal Field The present invention relates
- to a dynam c pressure-type thrust bearing unit and a manufacturing nethod

t hereof . Background Art Conventionally, a spindle notor USin%hfld%ﬂﬁﬁic
pressure-type liquid bearing unit has been used in an i nforratX

appar atus such as a nmagnetic disk %?waNA‘dynan1c pressure-type
thrust bearing unit which constructs a nam c pressure-type |iquid

bearing unit conprb§ﬁ§Mé%on the E1ﬂ§éh(féhU§Tsﬁ %ﬁlﬁgdﬁN%@ having a

thrust flange 7 provi ont en rtion ereof and a thrust

plate 1 provided on the ﬁkhéﬁUﬁAéf RYRG1NE b@hTH% Eﬁﬁﬂably supported on
this shaft body 11, and§ﬁ1 rust ate 1 awg t he rust flange 7 are

opposed to each other, and a fluid is filled betmeen the shaft body 11 and
the sl eeve 10 and between the thrust flange 7 and the thrust plate 1. On

at | east opg-spayidacerpbifyhe opposed surfaces of the thrust flange 7 and
the thrust plate 1, dynam c pressure generating grooves (hereinafter,

referred to as THeNgFeSenkl EFFEHL16H0AYESEes A af @FABAiCT, ??é@sd!@aﬁf‘yﬁe
pressure grooves are of a shape where a plurality of V-shaped or U shaped

grooves aﬂﬁ'\mmtbéwﬂﬁ? l\i\ﬁiﬁhaﬁﬁaﬂemta%uﬁfmﬁﬁilr? aedtlped atherebfgbone. 1 8
July 2005 In the thrust bearing unit construct as above, a

Background Art

Conventionally, a spindle motor using a dynamic
pressure-type liquid bearing unit has been used in an
information apparatus such as a magnetic diék drive unit.

A dynamic pressure-type thrust bearing unit which
constructs a dynamic pressure-type liguid bearing unit
comprlses as shown in Fig. 10, a shaft body 11 hav;ng'a'thrust
flange 7 provided on the front 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 fhe
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.



rotating body conposed of the thrust 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, dynamic pressure is generated due to rotation
of the rotating body and the rotating body floats up. The dyaf sogy essure
to be generated, that is, the floating-up amount changes depending on the
angl e of the V-ghmpat arhthsbhapedrjngougstotonbe rdynad as RS €a gr ooves,
t he groove wi dth, the nunber of grooves, the Ilength, depth, flatness and
the |ike, mothiisg Bodgtacmiponsd «of dhe dheuse- phateel adnd et hvidlerevd 10
rotations between the rotating body and stationary shaft and the gap, and
furthernormelatvisebgitytates weitfH wiedpleict ed detbataondrrey shlfd ogmpoedydand
the stationary shaft. In a case where the thrust plate 1 and the thrust
flange 7 caf elmmdehoistfbiarganpl endathenphadti bely ddf.t Thtal dwyohmie
brass, a resin material or the |ike, the above dynam c pressure grooves are
formed by pressmunerid geneimtmdduestohratahiontof gkt ot adnidig bodgt ahbdange
7 are weak in abrasion resistance and have a problem such that powder due
to abrasi dheambtating keodycflicstdunpng The dydamiei priesisacyecites becone
short. Therefore, in order to increase the abrasion resistance, it has
been demug@d¢natdds mhale it ushe pf kaat ingmiap tameeet f¢hagees 7degendimgal
such as stainless steel and a N -plated nmenber, which are harder than
brass and©® EBsianghet dhe Morbeped prdisshpped riFreavesof theodynamic
formng a pattern having a predeterm ned shape by causing material for 2 8
July 2005PTESSHiLey 9% OPVGEes $hegIsaryeceidbh | 'dhe numhelt 0fegrPPERSef the

length, depth, flatness and the like, and also fluctuations
occur due to- the relative number of rotations between the
rotating body and stationary shaft and the gap, and furthermore,
viscosity of the fluid filled between the rotating body and the
stationary shaft. | '

In a case where phe thrust plate 1 and the thrust flange
7 are made of, for exainple, a comparatively-sdft metal such as
brass, a resin materiél or the like, the above dynamic pressure
grooves are formed byﬁ press working. However, such a thrust
plate 1 and thrust flange 7 are weak in abfasion resistance and
have a problem such that powder due to abrasion and the like
occur;s 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 out for forming a

pattern having a predetermined shape by causing material for



material is not snmoothly carried out for the processing surface nade of
such a hard material as above. Therefore, as showmn in Fig. 11, it is
difficult to make groove portions 12 and non-groove portions 13 along the
direction of arrangement of dynam c pressure grooves 2 (the g}lmf:gédg)n of
arrow A) having a uniformwdth, and an insufficiency in groove depth,
unevennessfonmdagt b, panddasimersar fgcepons flawpeshedadoirae Ifilkar Tcur

t herefore accurate dynam c pressure grooves 2 cannot be obtai ned.

Ther ef or e, nahenibdris ngtdymeoth lyressvied gnovfes Pheprocdes thgehmfdoe surf
ace, an etching nethod, a shot blasting nmethod, a plating nethod and the

| i ke are cpadéedf utch Hoherdr materdadhasfabhbese nMEhdpdEore, naghshowt in
processes including a cleaning process, a masking process, an etching (a
shot bl astFhg; bi,pltt iagiiffdceds, tanchakeneyroare zpogt fonat l@gasidr i ppi ng)
process, and furthernore, a cleaning process becone necessary, therefore a
probl em exigt-sgeernetpartioper 48i shonfetbeedivepitioat ed, aresnigememt o fhi gh
costs. Disclosure of the Invention It is an object of the present invention
to sol ve tdinamid\RreRSereberopredl 2ntthaddprecidenacdynamwow pnesswiaegt ype
thrust bearing unit and a manufacturing nmethod thereof which is excellent

i n abrasi ¢h Westaimiéedthasaadcanatasgyfdciengy ossgrogveotepthand in
addi ti on, manufacturing_ processes therefor are easy. 3 8 July 2005 A

net hod f oRAFHRARRILAARLRE By 30d EuptBeENPELy \RROY Fladinesscaniithehike

according to a first aspect of the present
occur, therefore accurate dynamic pressure grooves 2 cannot be

obtained. h

Therefore, when forming dynamic préssure grooves 2 on a
hard metallic surface, an etchingmethod, a shot blasting method,
a plating method and the like are carried out. |

However, in each of these methods, a number of procesées
including a:dleaning process, a masking process, an etching (a
shot blasting, or plating) process, and a neutralizing .
(coating-stripping) process, and furthermore, a cleaning.

process become necessary, therefore a problem exists such that

operations become complicated, resulting in high costs.

Disclosure of the Invention

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.



I nvention is a nethod for manufacturing a dynam c pressure- type thrust
bearing unit in which dynam c pressure-generating grooves are fornmed on at
| east one surface of opposed surfaces of a thrust flange and a thrust

plate, the thrust flange being provided on a front end portiéqugoqushaft
body, and the thrust plate being provided, in an opposed rela o the

thrust flange, )iiine%h%iddfo9%&3’1&1‘.5@&5Pﬂn?%ggngﬁgkﬁgﬂgEP?ﬁE&g%n%%}?

shaft body, wherein a groove-cutting sur _

dynam ¢ prieseasifgg@neiaticeeh aliRy as i & Pifééegspb&é o2 RAL! ghiaaihlich
produces a wwdth ratio of approXimately 1:1 between groove portions and

non- grooveipeeht96a B bheetNoRHd O MmMufiEeRBEAENE 8Fnbhe 2 r3Ere-
dynam c pressure- generating grooves. According tdo this construction, the

groove portyeaschangs t ek a9\ ROt %ﬁic@PB@ﬁhﬁﬁci5r¥9§ﬁ¥%-%%%e%d@‘% i c
deformation of the groove-cutting surface fof formng thereon the dy am c

pressur e- gRMeswes Nor §rieMesd odNabel sasti 8fe Gstir fads b pddd L dulfaces
therefore accurate dynam c pressure generating grooves can be easily

formed. Ao®whtlirbet flauigechial 80t RreyDafl £t O] AR IrriuveRe NG belBari ng
unit according to a second aspect of the present inventionis

charact er ippearided kat a fnohbeefd Ririab@ecit aasnefelbodp) 4rd hegthiest

groove-cutting surf ace for formng thereon the dynamc

pr essur e- perdraatheingrpovesded, cinsan opfdsed frelmniaion etd rahe pohtiev

toward an outer peripheral portion of the 4 8 July 2005 surface, and

‘pressed sdlamsme antoatside afi amevtatdhgthedpatdtattabbe cupsonpat on theéel y

the same size as that of the groove-
shaft body, wherein a groove-cutting surface for forming
thereonthedynamicpressure—generatinggroovesispmessedwith
a pattern which produces a width ratio of approximately 1:1
between groove pbrtions and non-groove portions in the
direction of arrangement of the adjacent dynamic pressure-
generating grooves.

According to this construction, the groove portions and
non-groove portions coincide in volume and a plastic
deformation of the gréove-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



cutting surface for formng thereon the dynam c pressure- generating
grooves. According to this construction, nore accurate dynamc pressure
generating grooves can be fornmed. A nethod for manufacturing a dynam c

pressure-type thrust bearing unit according to a third aspecatJLWZ%&e
present invention is characterized in that, in the first aspect, dynam c

pressur e- genarfaldd|) agtopy es s ales Prestednt uedi Q8B amet é PRE ghe PRELLLR Of
a straight hole or a stepped hole forned in the central portion of the

gr oove- cut biergpmely faaqerd0imd O 1% Nghé hespensihe adyRABHC o &%ﬁéﬂf:&%@r ating
grooves. According to this construction, the netal for form ng 1he

gr oove- cut tung iswyr fsavef fdedvsonofonming t eMergent BReOdyREm iRe P dte pOrti on
but al so towards the inner peripheral portion. therefore, even nore

accur at e dgeaeiratines oo wFpoves can be realized. A nethod f or

manuf acturing a dynam c pressure-type thrust bearing unit according to a
fourth aspect ofAddwrgirgend thheeobhsmriugtdearaeiofe Zascuratdagynahict he
first aspect , dynamic pressure-generating grooves are simultaneously

pressed topbeshursugkacestimd rddwasstcdn angeformedrding to this
construction, restoration of plastic deformation of the netal which is

caused, by presdi mgthodnfboianusfiaddsir ing fl dynanic peemsware-angbé thetst
peri pheral portions can be nmade even smaller. 8 July 2005 A nethod for
manuf act urbeRr dndynaitc agress imge toy ge thhimdtasprect | @f thet paesenti ng to a
fifth aspect of the present ‘
S invention is characterized in that, in the first aspect, dynamic
pressure-genefating grooves are pressed to an outer peripheral
portionof 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. | |
According to this construction, the metal for forming 'Ehe
groove-cutting surface flows not only towards the outer
peripheral portion but also towards the inner peripheral
portion, therefore, even more accurate dynamic pressure grooves
can be realized. |
A method for manufacturing a dynamic pressure-tyiae thrust
bearing unit according to a fourth aspect of the present
invention is characterized in that, in the first aspect, dynamic
pres sure-gen_ez_:ating 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.



I nvention is characterized in that, in the fourth aspect,, phases of the
dynam c pressure-generating grooves to be fornmed on one surface and the
dynam c pressure-generating grooves to be formed on the other surface are
adj usted to correspond to each other at the tine of pressing myﬁgﬁﬁlng to
this construction, fluidity of the material form ng the groove-cutting

surface for for(?k?r%twg{]fe? xﬁé}?ufgé‘?ﬁ‘ﬂﬁ%“ ngﬁ%gy 2 é‘ﬁk@gtgpg%ﬁﬁué‘@” be

further inprove od for manuf act C presstre-type

thrust beséhegngnhm%ccawjfwﬁ]ﬁ@ @oSébef@ﬁpsggeefc bie gi%%@sedﬁwe”t'on

I's characterized™in that e first aspect shitt bo recei ving
surface of i hhenthbusts EhateR ter Y &P IRA ML hlﬁ trﬂéltfb%&'%hv‘@é acfcor cave
portions and convex portions arranged radiaily o concentr al'fy, An

produces the théidyndntid @ r@sﬁ%%ﬂ@f@ih rjod%eéé"ﬁ:%“btehfo?ﬂaﬁadﬁ one

portions and the convex portions hereby iTproving flatness of the shaft

body- r ecei ¥ Pflas8r hage thAC @it tPrddEdr EH&t AP, gkbateastohd he
shaft body-receiving surface is |nproved thereby acCuracy of attachment

of the shaférmedyor aHde thetghriflaaRggreasdd Pes L elrE O RSk r fs P ath feRich
manuf acturing a dynam c pressure-type thrus bearing unit according to a

sevent h aspeleér Odtt bReptésenbf iphewyHimyl i s characterized in that, in the
first aspect, after the dynam c pressure-generati ng grooves have been

forned, the 8 ArlkwrdiHy tbhthib ¢basgeuotibhe fhuiditplaf ehesmptegdaded
wth fIat- pr essi ng.
forming the groove-cutting surface for forming thereon the
dynamic pressure-generating grooves can be further improved.

A method for manufacturing a dynamic pressure-type thrust
bearing unit according to a sixth aspect of the present
invention is charécterized in tﬁat, in the first aspect, a shft -
body-receivihg surface of the thrust flange is preséed with a
pattern which forms concave portions and convex portions

- arranged radially or concentrically, and produces the wiﬁth
ratio of approximately 1:1 between the concave portions and the
convex portions, thefeby improving flatness of the shaft

' body~receiving surface.

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




According to this construction. deterioration in flatnes s caused by
conposi tional unevenness of the nmaterial and differences in accuracy of
machi nery tools in use can be inproved. A dynam c pressure-type thrust
bearing unit according to an eighth aspect of the present iqyﬁﬂgggusi S
characterized in that, dynam c pressure-generating grooves are forned on

at | east ong 84 aEPaffe OPPOSRM %H&&ggggmeﬁ I dd fagey Pod fga’cbrust

plate, the thrust flange bei ng provi on a front en portion of a shaft

body, andiﬁyéggyﬂ§; pl ate being provided, in an opposed relation to the
thrust flange, at a side of a rotating body, wherein the dynamc

pressur e- gener at hBgoRHIAYOEo MG ¢OK FBFELIBAPHE LA V& Noh 8l P18 ness
approximately 1: | betweén groove portions and non-groove portions in the

direction ehus¥d angBioNitibRadd @eEPéntyHabE PhEShEL YAl NI
grooves. According to this construction, a dynam c pressure-type thrust

bearing unit fHeirehdes exteld@itaty aBr ARAEMiAELY StE0EE iaNdsdl Tarhde
accurate dynam c pressure-generating grooves can be realized. A nethod for

manuf act ur ifgravéaamnm c pressure-type thrust bearing unit according to a
ninth aspect of the present invention is characterized in that, in any of

the first through dyameid praseants-typdehgusay Beatttingngniyrdceseding to
form ng thereon the dynam c pressure-generating grooves, which is
subj ect ed &n eB8glthya2p85t pf eshe norederst aheeninbss id clérddrenibed4ih as

expressed in Vickers hardness. :
that, dynamic pressure-generating grooves are formed on at
léast one surface of opposed surfaces of a thrust flange and
a thrust plate, thé 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, wherein the dynamic pressure-generating grom}es
are formed to produce a width ratio of approximately 131 ‘between
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 excéllent 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



According to this construction, a dynam c pressure-type . thrust bearing
unit which is excellent in abrasion resistance can be easily realized.
Brief Description of Drawings Fig. 1 shows a side view and a plan view of a
thrust plate according to Enbodinent 1 of the present inventsj \ oddsd- 2
shows an enlarged view of a main part of dynamc pressure grooves iIn Fig.

1 and enl appeds sagl i BAS @f HAreirdraoves HOnghrodyhesliboas efkxparasasdAin-i g.
3 shows an enl arged section of a dynam c pressure grooves-forned surface

of the thrugtékeratrardnkis@g. 1, Fig. 4 shows an enl arged section of a
coining tool according to the sane enbodinent; Fig. 5 shows schematic

views for expl aipgicegddaid aus thigesonsh riucati oy faadgnpmichps easuaeditype 0
t he sane enbodinent; Fig. 6 shows side views and plan views of a thrust
fl ange acglorestdpdaxr fndpagh henth iciofid kcaldsat ierabdiasdnin rieisd.s tanseows
side views and plan views of a thrust flange according to Enbodi nent 3 of
t he presentan nvendaoiblyFirgaldzedows schematic views for explaining press
wor ki'ng on the thrust flange according to the sanme enbodinent; Fig. 9
shows schematic views for explaining press working on a bearing
body-receiving surface of the thrust flange according to the sane
enbodi nentBri=B Desgr RPOLonFod. Dt@wilngss a | ongi tudi nal section of a
prior-art dynam c pressure-type thrust bearing unit; and Fig. 11 shows a
schemati ¢ vi ew Bfigprl whews algide view and a plan view of a thrust plate
according to Embodiment 1 of the present invention;-
Fig. 2 shows an enlarged view of a main part of dynamic
pressure groéves in Fig. 1 and enlarged sections of the grooves
along a direction of 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 thé 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;




pressure grooves. Best Mde for Carrying out the Invention Hereinafter,
enbodi nents of the present invention will be described in detail by neans
of Figs. 1 through Figs. 9. Herein, identical synbols will be used for
conponents form ng constructions simlar to those of Fig. 10 JM& Wy 11,
whi ch show the above prior-art, and a detailed description thereof wll be

om tted. (Embodipmp! 1) Ehéws & 16?@51%(1%%& sectliom Epogi gppb 10t the

present invention. |In Enbodinent 1° on the dynan1c pressure _
grooves- f oiphagicspirbasarkavivie ahaist Béaking syifacgpguch as stainl ess
steel, dynam c pressure grooves 2 are formed So thaf the width of groove

portions 12 to MGy .grioOVehd@ét & 088hdRatlieny itehe od KRGld Ak of dﬁ&ﬂillaiﬁent

of the adjacent dynam c pressure grooves 2 becones”  approxi mately 1:1,
which is girespeceé grbbeesnt fromthe above prior art. Hereinafter, as
shown in Fig. 1(a) and Fig. 1(b), a description will be given of a dynamc
pressure grooves 2 fornmed on a surface la of a thrust plate 1 of a dynamc
pressure-type thrust bearing unit, which is constructed simlarly to Fig.
10, by wBest Modepfer QaBriyuhy 2@5 tH mnreermiiidrace | a of the disk-like

thrust plate 1 nade of stainless steel, the plurality of V-shaped
herringbone dyHemed narféssyr eendrarbingsn Ps Wi cthergres eabgeavehedont hell
circunferential direction of the thrust plate 1 and are bent

be described in detail by means of Figs. 1 through Figs. 9.

Herein, identical symbols will be used for components
forming constructions similar to those of Fig. 10 and Fig. 11,
which show the above prior-art, and a detailed description
thereof will be omitted.

(Embodiment.l)

Figs. 1 through Figs. 5 show Embodiment 1 of the presént
invention.

In Embodiment 1, on the dynamic pressure grooves-forming
surface 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. 1(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.



in the outer circunferential direction are forned. The groove angle of
groove portions 12 (the angle at which a V-letter is open) is 0 through 2
0 0, the groove width is 0.1 through 0.5mm the groove depth is 3 through

18m and the nunber of grooves is 8 through 24. The dynaniceo‘hﬁ?§w5e
grooves 2 are arranged, with the V-shaped front ends of the groove

“portions 12 and pReoABNSULFARR 1@0|6_Ei ene 43 s¥i18UELd Hiusk g%geérfhgg&w se

direction and lined up so that a |ine connecting these fr ends becones

circular, oifnsaniguesd Appt &) MERe pidri et ¢i beugleng 'da'néiiffrgé%&ﬂe n
addition, the groove portions 12 and the non-groove podrtions 13 have

under gone, dgaafieWprgsdie dddbved B wrR{&h apBdakrdnged( R)1omy &% WOr ki ng
with a pattern whereby the wdth of the groove portidns 12 to the.

non- gr oovec potthinges ehd RAC ABeARHOE MBI Yt Hrds 21k d e £ihd estd Al
arrangenment of the adjacent dynam c pressure grooves 2 [the direction of

arrow Al. Eorthexamyer chir@unddhend IS dseeldtdh akrengolhas. [ Ithe [Roodd ne
[3]-[4], and line [5]-[6] of Fig. 2(a), wherein the wdths ti through t3

of the groavgleovfignsotd portbenwi Ik hethSiandTouoh WIBidH 4 he narcdr gave
portions 13 are, respectively, forned so as to beconme approximtely 1:1.
After presspemjkisid@ ithrapmh €0 °gsthecrooveheiduhfbea Jia tfoudie o, Sminst
plate 1 so as to produce a pattern whereby the 10 8 July 2005 w dths tl
t hrough t 3he gieoe adepthois i drhriiglo ltdhen wadtchtheSnutieru it §3oofveishe
non-groove portions 13, which are adjacent to each other, becone

appr oxi mati# y8 1thnoughe2dmaterial flows and a plastic deformation occurs,

wher eby the groove depths, hi
The dynamic pressure grooves 2 are arranged, with the

V-shaped front ends of the groove portions 12 and the non-groove
portions 13 oriented in a counterclockwise direction and lined
up so that a line connecting these front ends becomes circular.,
in an overlapping manner in the circumferential direction. In
addition, the groove portions 12 and the non-groove portions
13 have undergone, as shown in Fig. 1(b), Fig. 2(a), and Fig.
2(b), press working with a pattern whereby the width of the
groove pqrtions 12 to the non-groove portions 13 becomes
approximately 1:1 along the direction of arrangement of the
adjacent dynamic pressure grooves 2 [the direction of arrowa].

For example, Fig. 2(b) shows sections along line [1]-
[2], line [3]~[4], and line [5]~[6] of Fig. 2(a), wherein the
widths tl through t3 of the groove portions 12 to the widths
51 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



t hrough h3 of the groove portions 12 becone approximately the sanme depth.
Accordingly, even with the thrust plate 1 made of a hard netallic surface
such as stainless steel, the accurate dynam c pressure grooves 2 can be
easily formed by press working. Therefore, the thrust pl ated Wﬂ%é ent in
corrosion resistance, resistance to chem cal change, and abra5|on

resi st ancew¢dﬁh5etlobhapngdh, thos & heowroaste pod thiogtd V1 adaurtdiee witilsd
bearing wunit can be realized. However, on the disk-like thrust plate 1 as
descri bed Shﬂﬂvléouqlh@3rraifethalndn-ogmmmmdttmmsoﬂﬁerwhwhLerm‘@ra@'jaaﬁnt
direction due to press working. Therefore, depending on the conposition of
the mat eri &9 asth p@hmrngbehemtahamsro;oi.m&'eely Inl stime matesiad Ehowpe antker e
the central portion swells up as arrow A shown in Fig. 3 is formed and

fl at ness of Eh@sthﬁuéefprmﬁ§lon:ﬂqqynSAIwhﬁmﬁbywehesgrbnveudhpahsaae as
shown in Fig. 4, to sone extent on the outer circunference of a coining
tool 3 fortlblﬁﬁﬂg'ﬁlﬂgf’ srieddie waaawR) poa tgamserd? bechbmemsgproxtimatt etlye thet si de
di anet er of the dynam c pressure grooves 2 becomes approxi mately equal to
the outsi AR HBER- of the thrust plate 1, the shape of the front end of
the coining tool 3 is fornmed in a convex shape 3a where the central
portion swells BFCOZAdNEIN nEVRNe¥itigthenthiust plite bomdenstfesi harfor
form ng the t to the outer

ci rcunf er &t a;r UStFE‘F%ﬁ%r%thlhggé:%%%ﬁ ugrg'?ﬁdffﬁof-*m g AERETALE ABBAMEE t he
‘thrust plate ssucraen gbreoév S X ecanI Eeagglsallgrn folrrxlned (‘bagrs%rvgsesr ewgflgfrrxé? ration
in flatne
Therefore, the thrust plate I excellent in corrosion resistance,
resistance to chemical change, and abrasion resistance can be
obtained, thus a low-cost and highly accurate thrust bearing
unit can be realized. |

However, on the disk-like thruét plate 1 as _describéd
above, the material flows toward the outer circumfer'ehtial
direction due to press working. Thé:fefore, depending on the
composition of the material for forxﬁing the thrust plate 1', in |
some cases, a shape where the central portion swells up as arréw
A shown in Fig. 3 is forméd and flatness of the thrust plate
1 slightly deteriorates.

In such a case, as shown in Fig. 4, to some extent on the
outer c‘ircumference 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 equal 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
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occurs on the thrust plate 1 due to conpositional unevenness of the
mat eri al constructing the thrust plate I and differences in the accuracy
of tools, by applying a flattening press after the above pressi ng, a
dynam c pressure-type thrust bearing unit having still highey 5(\5,9{'15acy can
be realized. As a flattening press, a flat surface-pushing press erein
t he thrustmprgrdal ForsE@uMLbhcth®dthviasst o lfata lsiisfaceivelyghugheddwet f | at
surface die 4a as shown in Fltg 5(a), a waffle-die press wherein the
thrust plafe Bheowkbedw iorewn erenkbal Powtf iom-ftire plasdti S dedvinmg tsiteed | at e
projections. provided all over the punching surf ace thereof and a waffle
die 5a astgﬁév\/ﬁhﬁnfﬂiﬁgrl@@opf dhevdhmst |platarl acensbei kmpgoyedss
wherein the thrust plate 1 is sandw ched between a reverse flat surface
punch 6 and a réverafd it ign s Ukt st eCalF @ BRevhi datar doratipahéd fdataesisat
surface shapes reverse to the curve of a work-piece as shown in Fig. 5 (c)
and the | | BEhH Be tBedthipstipbate & duagte gempesibjobsluvsdvennass

be used in conbination. In addition, in the above

pl uralltyd# Elresses ma
descri pti SHatenAalcORRLrAGhARDCE IR ddwusd Blabeck anddaffersndesn one

side la of th t hr ust | ate | has been descri bed b)é way of exanpl e,
however , gggmra, v@ﬁtF%ﬂlﬁarPhl‘?i?P:'fﬁél%[ﬁ tdattendagpreser afths
dynam c ess rooves 2 are forned on one side of the thrust flange 12
8 July 2005 %% Réfe BoFh G0 gé’@émtlﬁel?’é%?“?ﬁ -tyBe i st beagiagusgitel

thrust pl APV e Fhaly Flovfe §7EUBREY Robnfrcon ad i+ | mi ted hereto, and

a As a flattening press, a flat surface-pushing press
wherein the thrust plate 1 is sandwiched 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 1 is sandwiched
between a\waffle-die'punch 5 having stellaﬁe projections
provided all over the punching surface thereof and a. waffledie
5a as shown in Fig. 5(b'); a reverse flat 'surface-strikihg 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, héwever, 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



mat eri al havi ng hardness of 180 through 340 in terns of Vickers hardness
may be used. As such a material, for exanple, iron, steel, phosphor bronze
and the |like can be used. In addition, in the above description, a case

where the groove portion 12 of the dynam c pressure grooves 82Jd|3? dpsconcave
portion and the non-groove portion is a convex portion has been %escrlbed

byway of enaggheonhg%\ﬁers,%rtfycégem edfivention is not limted hereto and

the groove portion 12 nmay be a conveX portion and the non-groove portion

e oot Comcry adition, ¢EqPATLERIELEEIThER HBN AL TN Ol

the present invention. ment 2 nam c pressure gro

formed onothexkhpust gkl %'Px%e m%ﬂ]?ﬁ’lm Aok eﬁoﬂxﬁfngnghé‘lﬁhﬁ:ﬁ%%e%l%'{het he

central portion thereof, which is a different aspect owever

aspects ofhbieveensthuchreedte iiRmalth afs !dveel phitos ABRKE oM ent

1. As shown in F|g 6(a), on the central portion o I sk-1T1ke rust

flange 7, hdeeBigp H@ﬁﬁnét}fﬁ'&{'éssh@felééﬂ:ﬂﬁugﬁ I8 0NInt 85 Vi vE¥kePs 2

shaft portion 11 is forned, and on the outer ctircunferential portion of

the hol e Hﬂ&dﬁe@@&néyrﬁéﬁﬁseﬂﬁ ofs Rt Erﬁlﬁi:eiha'lgefzr EREmMRAM;Gon ,
pressure grooves 2 simlar to those of the above Enbodi nment 1 are formned.

I n additi steel, FplgosPhd), bibazet apged heolg ke dpbd ixés@, 13 8 July 2005
the front end of the shaft portion 11 by a screwis formed on the central

portion of the fhradtditliange in, thedabbiel desteiphéongbaveaskhehdyeanhe
pressure grooves 2 are formed on the outer circunferential portion of the
hol e 14b d&radwe portaca ¥Ya.of the dynamic pressure grooves 2 is a concave
portion and the non-groove portion is a convex portion has been
described by way of example, 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 poi‘tion.

(Embodiment 2) |

Figs. 6 shows. Embodiment 2 of the present invention. .

In Embodiment 2, the dynamic pressure grooves 2 are forméd
on the thrust flange 7 having holes 14a and 14b formed on the
central portion thereof, which is a different aspect, howevér
other aspects of the construction are the sazﬁe 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



As such, in the case where the dynam c pressure grooves 2 are fornmed on
the thrust flange 7 having the straight hole 14a 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 circunferential a<ga@?@0@§so t he
inner circunferential side, fluidity is still enhanced and accurate

dynam c PRES Rl @ANED FCAhDE RN Iporitsdid 2adpyFdr heenis, robfell ohdi ty
on the inner circunferential side of the material "is slightly inferior to

the fluidithe eentile ?a&»@rio@xi beugheremthat Sidlege and drfd Ehaidiahf ecevre in

fluidity becones grea In some cases, flatness of the thrust flange 7 is

decr easedabbesUtheC aghaum iy pHedeRd REdoRd 20Bke EBEmRAr bhothefotber
coining tool 3 into a convex shape 3a simlar to the above and actively

pushi ng outi riie fEateary i@l tpoiHEoAULET thel helef anentifaltisd dair fdwe f1al ness
can be inproved. (Enbodinent 3) Figs. 7 through Figs. 9 show Enbodi nent 3

of the present psruedhj oin the EFdodivipste Zhé by b prgy ansel rgr@sveyes 2
are formed on both surfaces 7a and 7b of the thrust flange 7, which is a

di ff er ent 2aapecforhedevsr thei tirdspailangd 7 havdnptthetdtyaighie hdbke sane
as those of the above respective enbodinents. In general, dynam c pressure
grooves 21lta be frhensdepped Bolal Y4R006rmelde spposedheumadeasiadf fdie
thrust plate 1 and the thrust flange 7 are referred to as main grooves,
and t hesefoninhngrobedshxust flegide 7f Hlomed, fdue theppasposerbingertawanchg a f
| oati ng-up anount. In addition, dynami c pressure grooves to be forned on
"the side not only the cuter 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_matefial is slightly inferior to the fluidity on
the outer circumferehtial side, and if the difference in
fluidity becomes great, in some cases, flatness of the thrust
flange 7 is decreased."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 ocuter
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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of the shaft body 11 of the thrust flange 7 are referred to as
sub-grooves, and these sub-grooves are fornmed for the purpose of
preventing contact between a rotating body and a solid body in the thrust

di rection which occurs particularly in a case where an excesqs_j%pbd
floating-up condition occurs under |low tenperatures and the |iKke. 0Fsor

exanpl e. ashehppoiad Eugfatelsadf thid thsgr poyes 12Bndrehe ft ariexd £0a ngle
surf ace 7a on the shaft body 11 side of the thrust flange 7 and main

grooves 2a7 anee frrfieatr e tdheaswidiaceridovess, ahed thegwt mpliat grboviede arit
beconmes unnecessary to formdynam c pressure grooves on the sides of the

thrust pl atestlnddrined sbeahe pibposbeyefeneratingduclban ing-agsimeant be
realized. In addition, by nmaking the respective pattern shapes of the main
grooves 2drarddite subdynaemies p2essiund groboeshts ehoffodned alther espect i ve
enbodi nents, accurate dynam c pressure grooves 2 can be forned.

Fur t her norcef, tilfe phefs hodki g 0f sheuthnareoKHlangp aeed rederatdad sordsaces
of the thrust f lange 7, the material which f lows to the outer

ci rcunf er envde-grabvameransd ridese salee rioo e mee fiorimgdg foavehehppegos e
portions of the upper and | ower tools, and the nmain grooves 2a and the
sub- grooves pPhexeatisgrednitacAd betweenoa rofting dndy anda sblptdwdy

def ormation has becone still less. Therefore, the groove depth of the main
grooves 2&Nafdea Hdns B dingcpbos whighgpeeuss PRraiguliea eiighta gfase
non-groove _portions 13 become approximately the sane depth and_ hei_ght

‘bet ween t HBSIfndn eXGasmivebnt fhPating-aRrdCendétion: egrudiFemndar iy, the

thrust flange 7 havin%-nore accurate dynam c pressure grooves 2 forned
tem%eratures nd the 1like. " )

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 plate 1 and the sleeve
10, therefore, a reduction in cost can be realized.

In additioh, by méking 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 thrﬁst flange 7, the material which flows
to the ocuter 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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can be realized. Also, in the case where press working is sinultaneously
applied to both surfaces of the thrust flange 7, the positions of the tool
for formng the main grooves 2a and the tool for formng the sub-grooves
2b interfere with each other, thereby easily influencing the fapbdpsof the
grooves, therefore, it is preferable to carry out a press so that the main

grooves 2asf@pcg¥@oviizassdaiiithd e i 9 H&fﬁsgﬁgoxgﬁgoffﬁgﬂgel%%

n
Fig. 8 (a) . in a case where a tool ~ 8a forns grooves 2a an he

tool 8b foapprbRematie1s ANES b défpﬂ‘i e$%d VRE K RY bét{%@éﬁoﬁ:@%g fi%ﬁ]etrhat a

convex portron 15a of "'the tool 8a f its a convéx portion 15 e tool

8b and a cengevmreekhitqd116a3efaddsuteolc BadmfdSert £ EavR Peh I uskob of
ul

the tool 8b, interference between tools is reduced, : Ity of the

materi al cAhak§e TRHAVYRIG A6Fe fARchFAK S BTN ID pResdndleegPYHRREC BISSRIY ©
grooves can be obtained.” Also, as shown’in Fig. 8 (b) f by perform ng press

wor ki ng soahhisé fegdhgen.portion 15a of the tool 8a f its a concave
portion 16b of the tool 8b and a concave portion 16a of the tool 8a fits

a convex portioalksh dhh the tagl Hhers prkas ﬁf:i’ﬁ@h? £8Ns bau1ehhabagdyas
well. Herein, in the above description, the thrust flange having the

strai ght rappel ield bt shefaeeshes brentlilesst iflethgdhavevde, pdsi8iduky
2005 as shown in Fig. 7(b), a simlar description applies to the thrust
fl ange havhdg heheikeppmd fomtmidgdbtiermaint feoeves 2hsandashehewpli ioki .
7(b), in a case where the dynam c pressure grooves 2 have been fornmed on
bot h surf d&adigtg tthe sub-grooves 2b interfere with each other, thereby
easily influencing the def_:th of the grooves, therefore, it is
preferable to carry out 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
Ba forms the main gr.ooves 2a and the tool 8b forms the sub-
grooves 2b, if press working is perfbi‘med so that a convex |
portion 15a of the topi 8a fits a convex portion 15b of the tool
8b and a concave portibn 16a of the tool 8‘a fits a concave portion
1éb of.the tool &b, intérference between tools is reduced,
fluidity of the material can be made uniform, and furthermore,
accurate dynamic pressure grooves can bé 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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thrust flange having the stepped hole 14b fornmed 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 where the thrust flange 7 is fixed to the shaft bogy,llodys a
screw (unillustrated), a space is produced between the front end of this

screw and gBeshetinoin PAkt.l onwf, a sstiméwl@e@éripeiéhaﬁpptm@)s b dHeair
exists in this space, the air expands due to a change in tenperature and

pushes oi |l thutistdglhhgeb@aniing theretyppelidbe anili fokRall. théireem.0il is
filled in the space produced between the front end of the screw and screw

hol e bottom portAlb, ids ishodecdssaiy.t (b orih ai lcaad Rmeate ithe dgpesed
surfaces of the thrust flange 7 and the shaft body 11. Accordingly, in the
thrust fl apgesgugengkovoked 2as13f0\Ween Edinkd o Hothasusbhavesi bfFitge 9,
on the receiving surface for the shaft body 11 around the stepped hol e

14b, oil pativsst sy haydnig the dt@pped hodentdbbformed ithexeagaps inetaveen
annul ar pressing portions, and also in order to inprove flatness thereof,
convex portheshadtahddyhkl denfaxedpoy sicarsrihg ,atbetrefoee by horgds degwerki ng.
In particular, convex portions 9 to be forned on the surface 2b on the
shaft bodyflflsitdeesd isheaduired fdrande Fepaiving Sunrdiaicen ofother shalfe oi |
pat hs, and convex portions 9 to be 17 8 July 2005 fornmed on the surface 2a
on the thrhady pllte 1 side are utilized as a contact surface when the
shaft body 11 is inserted (press-fitted). However, nerely angying press
‘worki ng on the éBm@dgition, in the case where the thrust flange 7 is fixed

te 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 tempefature

and pushes 0il outside the bearing, thereby causing an 0il leak.

Since o0il is filled in the space produced between the front end

~of the screw and screw hole bottom portion, it is necessary to

form o0il paths on the opposed surfaces of the thrust flange 7

and the shaft body 11. R

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. In 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

17



portions 9 and the concave portions 17 cannot realize accurate press
wor ki ng as nenti oned above, and accurate flatness which 1is necessary as
the contact surface of the shaft body 11 cannot be obtained. Therefore, in
this enbodi nent, as shown in Fig. 9(a) through Fig. 9(d), itaj@yg@gpssary
to inprove the flatness by applying press working simlar to that of the

dynami ¢ pr éesmed ogritoy enrdoe theophovethbabedb e 1liideoageaitl Vizas
shown in Fig. 9(a) and Fig. 9(b) . the convex portions 9 and the concave

portions 1&s. awbonltaate suyferk orhémetloat ehattr bodiyenentisaling@rtean of the
hol e 14b, are radially arranged at even intervals. Nanely, the roughly
rect angul atpressvéitpexdt)i.ons whi ch becone thicker the closer to the outer
circunference are radially arranged at even intervals. These convex

portions 9 are d&aowewed, aneralpngpplefingSYrass worlihg &h (he,cehvan angl e
of 3 00. The width of the convex portions 9 to the concave portions 17

al ong t he pércioheremridiithdi centave postappsok? gt kehl iBe aarcmyiang out
a press with such a pattern, flatness of the receiving surface for the
shaft bodyPreass iwoelhpng\as mant tehkd iamves ahbwedur gy £ 1eta)e sandhEicd.
9(d), the convex portions 9 and the concave portions 17 are concentrically
arranged oFf IRCERRANY €isr theferrbactispofatemwhHhithehehhftcoddy, 1118a8nddl y
2005 and the convex portions 9 of Fig. 9(c) are, respectively, divided at
90, and tRe QhtRINedrtions 9 of Fig. 9(d), at 45. A press has been
carried out with a pattern wherepy the wdth a of the convex portions 9 to
the width b of ThEr&dsRESsre Jﬁbrqn%sembodlment, as shown in Fig. 9(a)

through Fig. 9(d), it is necessary to improve the flatness by
applyling press working similar to that of the dynamic pressure
grooves 2 in the above (Embodiment 1).

Concretely,r as shown in Fig. 9(a) and Fig. 9(b), the convex
portions 9 and the cohcave portions 17, which are formed on the
outer circumferential portion of the hole 14b, are radially
arranged at even inter{rals. Namely, the roughly rectangular
convex portions which become thicker the closer to thé outer
circumference are radﬁially 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
tb the concave portions 17 along the circumferential direction
is approximately 1:1. 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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17 along the radius direction [a-(3) becomes 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 obtained as well. By enploying such a
construction, in a case where the shaft body 11 is attached gy, ao@ms hod
such as screwing, press fit, adhesion, deposition or the |ike, T1nclination
accuracy candbehei opnoesd pandt e Didf | BAKS Qﬁﬁz]bsréedﬂéegecﬂzh.@requqre, a
further highly accurate dynam c pressure-type thrust bearing unit can be
obt ai ned. dsvhdedbaerd tfgsandbeteaboneexasent thng 3 @ft Régnevhad,f ot 45°,
manuf acturing a dynam c pressure-type thrust bearing unit of the

i nvention Alpress riyasidooent canrbsd ot (witlpad pattesendredyhe s etildtopf t he
groove portions to the width of the non-groove portions in the direction

of arrangemerft thé admerexd paqeritomy Baind ¢hepwedshrieedetries aidmm s poyesd checones
approximately 1:1, even wth the thrust plate or the thrust flange nade of
hard net all7 kdwingyther dagdsssodi#&Et i bnougd BAedomescapproik iviatedysl:1.

har dness, accurate dynam c pressure-generating grooves can be easily

f ormed by B armvonkitthe cdmwen pgntidnspd eandr eheypencavasporbéansng7uni t
which is excellent in abrasion resistance and al so has accuracy can be
easi |y realithegucha pattiey mostmelAar s flecys trotthel abovencam beco ot 8 hged
dynam c pressure-type thrust bearing unit in which dynam c

pressure- @n&&tling grooves are formed on at |east one surface of opposed

surfaces of a thrust flange and a thrust plate, the thrust
' 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 dynamj.d pressure-type thrust bearing unit can
be obtained.

As has been described above, according to the met_hod for
manufacturing a dynamic pressure-type thrust bearing unit of
the invention, by carrying out a press with a pattern whereby
the width of the groove portions to the width of the non-grooire'
portions in thedirection of arrangement of the adjacent dynamic
pressure~generating grooves becomes approximately 1:1, 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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fl ange 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 form ng thereon the dyqaﬂ] 2005
pressure-generating grooves is pressed wth a pattern which produces a
width ratio of approximtely 1:1 between groove portions and non-groove
portions in a direction of arrangenggﬁ E t he adj acent dynam c pressure-
generating grooves, and thereafter ﬁ@ a coining tool having a central
portion swollen up in a convex shape and a pattern fornmed in an outer
circunference thereof so that the outside dianeter of the dynamc

pr essur elgeneBat meghgcoovier boemufactappimsi mat l¥pami@l E?%%‘é‘-’%u‘ﬁlﬁ’%e

dianeter of the thrust plate, the ce St

pressur el gﬁgﬁgra FR§* 800 98%% slBre"z‘rgjtlfft.il;il dirﬁérﬁ@g ﬁ%’% erl&]ziee-d% orrﬁ'?\ t he
t hrust phabeves pHgbedrowiedo @n odterleastundreensunfaceorof onopposed

subj ected to plastic deformatio hereby to .inprove_fl atness of t he

t
thrust pearéaces Rfedh&st rﬂfﬁﬁ%téflﬁn@ a i PLBFEes EUSEhr ust
beari ng Eﬁhh as Bging Oﬁfbéﬂi&l aigy 15 ¥ Ned@ 8pdit YorOME dﬁ”aghgft

pressur e-gén dratt ng oves are presse to an outer peripheral portion of
a strai gbbdygl eand aist ephedshol plater bedniogn phevidedsalipoeni oPPPPSefe

o1 oves. T8LaALRR: tich TP FRRHPECEIAIES ra Ayt by 2bs o B Re T aeey |

rotatably supported on the shaft body, wherein

a groove-cutting surface for forming thereon the
dymamic pressure-generating grooves is pressed with a
pattern which produces a width ratio of approximately 1:1
between groove portions and non-groove portions in a
direction of arrangement of the adjacent dynamic pressure4
generating grooves, and 4

thereafter, using 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 dynamic 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 & dynamic pressure-type

thrust bearing unit as set forth in Claim 1, wherein
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bearing unit as set forth in Caim1l, wherein dynam c pressure-generating
grooves are sinultaneously pressed to both surfaces of the thrust flange.
4. A nmethod for manufacturing a dynam c pressure-type thrust bearing unit
as set forth in Caim4, wherein phases of the dynam c pressqgﬁ%ﬂgﬂﬁ{ating
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

h oth t the ti f ing. 5. A.nmethod f tri '
o essur ot ype MM LBGEFPRELER 8208 T8 b RB PRV SRR S e, &h 2 shaf ¢
body- | V] f the th fl Ny i
Dody. T eCo MR SULIBREA LA LAV LSRR by REFATH 4 tach bt

trigall t ' i ' ly 1:1
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as set forth in Caiml1, wherein after the dynam c pressure-generating
grooves have been formed, the thrust flange or the thrust plate is

pr Ocessegﬁ Y;“ht v\ dﬁlyé%aarféf 38y Facth PR G idmess tb&%s%h&%it@fgé;thbﬁéfi ng

unit in nam c pressure-generating grooves are forneé n at | east

one surf 3ee 0f n OPPESEJagusEaCESreh ad NuSim fil ARGferha thrust plate, the
t hrust flangelbeing provided on a front end portion of a shaft body, and
the thrust pl ajgnleiikd pressure-generating grooves are simultaneously

pre€ssed to both surfaces of the thrust flange.

4. A method for manufacturing a dynamic pres s'ure-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 djnamic 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 forﬁs concave portions and convex
portions radially or concentricaliy arranged, ahd produces the
width ratio of approximately 1:1 between the concave portioné

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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provi ded, in an opposed relation to the thrust flange, at a side of a
rotating body rotatably supported on the shaft body, wherein the dynamc
pressure-generating grooves are fornmed to produce a width ratio of
approximately 1:1 between groove portions and non-groove pogﬁgﬁné %ﬁ a
direction of arrangenent of the adjacent dynam c pressure-g 5 9 0
grooves, and a shaft body-receiving surface of the thrust flange is
pressed wWddy rdAlh £ Nadhbeh EGLER EANERYEm ROT Lh@BRaand convex portions
radi ally or contentrrcally "arranged, and produces the width ratio of
appr oxi mat el y dftler behee dyniing cc prremsn qeords e @iy t geocves ekaper bieems,
thereby to i ove flatness of. the shaft_body:-receivin surface. 8.
nethodf(#£§ég%¢aEPGHqﬂf%fﬁygﬁﬂ?gepﬂ&ﬁﬁn%-gpﬁas t eb%%r?ﬁ&%ﬁ%%ﬁ%s

set forthyith afyaelpkbabihd.through A aim7, wherein the groove-cutting

surface for torm ng thereon the dynam c pressure-generating grooves, which

IS subjected to pressing, has a hardness of 180 through 340 as expressed

in ViCkef? h%£d%@%%hd%? 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 on a front
end portion of a shaft body, and the thrust plate being
proviided, in an opposed relation to the thrust flange, at a
side of a rotating body rotatably supported on the shaft
Vﬁody, 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 produces 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 is subjected to
pressing, has a hardness of 180 through 340 as expressed in

vickers hardness.
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