;. e3ep, | pDDEdJF: 6d H6HT, 1] f<3 0 APR 2003 WORKI NG TOOL FOR MANUFACT, MM?HW3
BEARI NG MEMBER, MANUFACTURI NG APPARATUS | NCORPORATI NG THE SAME Al
MANUFACTURI NG METHOD USI NG THE SAME 5 BACKGROUND OF THE | NVENTI ON The
present invention relates to an apparatus for manufacturing a 10 bearing
menber, a method for finish working an inner peripheral surface of a
bearing hol e of the bearing nenber using a proper finishing tool, and a
wor ki ng tool for use in such apparatus and nmethod. Particularly, the

present inventi owhRiGNG F8I0L FOR M%NUP&GYURI]NG BEARINGWE ina

dynam c pressure bearing apparatus requiring high precision netally, in

vari ous [ ot ary KKUE APRIRNGAPPARATUY MOSRBOMATING THE SRMEEANCIS

menbers such as a ne a sintered beari ng an ynam C pressure

bearing. In manufacturiyonbEaeeritNG METHOBUISING Afig QEW[E surface of a

bearing hole forned therein is worked. And, in such working, normnally,
there is enployed a cut working (lathing) in which the hole dianeter of a
provi sional hole is firstly enlarged by a rough cut working and, after

then, ig is finish worked sgatRird RO BREFHPRIVERG iGN surface of the
bearing hol e can have desi r‘e%—rnm—de—t%—a'nm—a—sm-f—are, roughness and
roundness. However, in the finish working of the bearing inner peripheral
surface 25 according to the above cut working (lathing) there are left cut

fraces and vavy {1 aaesy@ELar idyaRdh NeRibaRS K paabi,d N6 FLa faclify bear 1 10

i nner peripheral surtface can I ni she recrsion

i nsi de di a”%'e?éné?ﬁ%@ﬁ@rcea hrfethdd gé?sﬂ;iigﬂm S&Ekinb% ﬁg{e‘é%%gxﬁh%%gﬂﬁéée ey eof

is 0.2 RA or S tHe roundn pmor |ess.

Especi al | y, bfegﬁné _rggﬁ;dg%gitfe ih@%ﬁé'r%ePEalébt%cg)p@geffiﬁi%%g b8, Sha% Qtoﬁﬁﬁf,ﬁggt he

beari ng i nner peripheral surtaCte Is goln I ni sh™wor ke her

Preci Sicpn ¢ ) bfiGed BONG PASRk Sh AT AbRR! Y PRSI0 bBR hASTIBASES S

remar kably but al so ere ses the need for use of’an expensive

prec si on aulpiLl for | ALNGERARPA" G HbodBRULLLAUN B At pREBIS boysied

beari ng productivity. or these rking reas there are present

subst anti al .. LR 0] i bearing characteristics of the bearing
| SRPE L R SR PR

menber, whi cult to obtain a high-performnce bearing

e et o ¢ oSS NRLCT B EHY A e e e
appar at us amgaARG HREmBErs"8lidh 88 AmsIbering@l sihfed!$Raring and a dynamic
15 pressure bearing. In manufacturing these bearing members, the inner surface
of a bearing hole formed therein is worked. And, in such working, normally,
there is employed a cut working (lathing) in which the hole diameter of a
provisional hole is firstly enlarged by a rough cut working and, after then, it is
finish worked so that the inner peripheral surface of the bearing hole can have
20 desired inside diameter, surface roughness and roundness.
However, in the finish working of the bearing inner peripheral surface
according to the above cut working (lathing), there are left cut traces and wavy
traces after the finish working and, therefore, the bearing inner peripheral surface

can be finished with such precision that the inside diameter tolerance is + 2 um

25 or less, the surface roughness thereof is 0.2 RA or less and the roundness is 0.5

PRIy
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15 in such apparatus and nethod, which are capable of finish working the

i nner peripheral surface of a bearing hole in a bearing nenber vm':ilhgm %03
precision and at a low cost. In order to achieve the above object,
according to the invention, there is provided an apparatus for

manuf acturing a bearing nmenber formed with a 20 bearing hole, conprising. a
finishing tool, that finishes an inner peripheral surface of the bearing
hol e, the finishing tool including. a pressure contact working portion,
inserted into the bearing hole to plastically deformthe inner peripheral
surface by &PpPyiess a press contact 25 force thereon; and 2 3 0 APR 2003
an insertion guide _portion, provided in a front side of the pressure
contact wor ki ng poFEsPesially, for thespeemie sresiere 8aTING 2RBA @IS el CASE MEWI® ng
mechani sm that holds the finishing tool novably in a radial direction of
t he beari ng!fIbeagng isnempampherai sifaces e 8pindotaRealinigh grorked witahiahgr 5
hol e. According to the manufacturing nethod usjing the manufacturing

appar at us, WRHSIPRsEAN Alge t PROVE AreFPiIAG, tysl onit g\& heoTkigr itime Hofreases
firstly, the insertion quide portion formed on the | eading end side of the
fini shitng t 68Markabiynblralse there grispe theeaeedipriseat agsexnansivadueh PERFIZPN t he
insertion guide portion 10 advances, the angle and parallelismof the axis
of a pressulditaoRtiGieihaprarayspwstition in i exrerselyiewereddaaiing MEoFudivits de
of the finishing tool and continues with the insertion,?uide_portion, can
be gradual | YWe ifghiBgsaivaiking seasans, ttere ree peasenhgubriartial limiatte peiBtPNt he
floati ng mechanism At the tine when the pressure contact working portion
i s i nsert ed thepeatinechrraciengticsopfdhe Prariag meraper; Whighy aakes i very @glﬁuﬁé@
wor ki ng portion can be automatically aligned with the axis of the bearing
hol e wit h hiogIPALUR-PEROMARNCE heasingMBMERL Bt @AW PRS- al i gnment state, the
wor ki ng of the bearing hole by the pressure contact working portion is
startd® After then, due to the pressure-contact plastic deformation of the

beari ng hole by the pressure contact workin Q/orti on, the inner peripheral
surface of the bearing 20 ho@MM&&L%EﬂEﬁMB@fﬂcan be finished with
hi gh precision without |eaving therein any cut traces or wavy traces that
could occur in the conventionally used cut working. Preferably, the

| oadi ng end of t hel VANs# 15 H05P. ArtiondoR o4 s AMETEP 46 PG DFS rm | er
Lpan @ d A b menardelig spparas and melbSe wells & Worfing tool o use ™
15 In such apparatus and method, which are capable of finish working the inner
peripheral surface of a bearing hole in a bearing member with high precision and
at a low cost.
In order to achieve the above object, according to the invention, there 1s
provided an apparatus for manufacturing a bearing member formed with a
20 bearing hole, comprising.
a finishing tool, that finishes an inner peripheral surface of the bearing
hole, the finishing tool including.
a pressure contact working portion, inserted into the bearing

hole to plastically deform the inner peripheral surface by applying a press contact

25 force thereon; and



tapered portion for continuously connecting the front end guide portiaon d

an
the press contact working portion. In this configuration, the gui da0 APR 2003
operation to align the axis of the pressure contact working portion with
the axis of the bearing hole can be carried 5 out smoothly w thout causing
any damage to the bearing nenber. Preferably, a sizing working tool serves
as the press contact working portion. In this configuration, the finish
wor ki ng of the bearing inner peripheral surface can be executed with very
hi gh precision. Here, the sizing working tool is provided with a
predet ernined | ead 10 angPR NBETHER oP'EACROMPE.N PEOMIREH e 55 Tignt tide patheng
menber to be worked The |ead angle is increased as the material of the
beari ng menb¥ES$HEOREE WORkiRg pPaRIssvithraspest todhe Pgaring Nels; @a8den in the
case of hard material such as stainless steel, the inner peripheral surface
of the bearing nentfelioating mechanis@h thaalds e {ipishingdapt e@vabyhnp? &adial on
The invention is especially effective in finish working a dynam c pressure
beari ng nent/difectige of ths beedng RpleranslisleaEdowitiuieenect &y anraxis ai e krastigsi on
and includes a dynam c pressure generating groove formed in the inner
periphe?al di®ace of a bearing hole thereof 20 A dynanic pressure groove
may be formed on the inner peripheral surface of the bearing hole, before
inserting the i nseriGcerlingi @e thor MiapHfasturinge MethirghHpigat g . MBEBUESIUTNGS, a
rai sed portion to be unnecessarily forned in the formation of the dynam c
pressure gerdRPA NG Yeovinsedingblier Bnishieg 19p! tinte thenbearing hriedfirsths thiet h
the result that the step of renoving the raised portion can be omtted. 4
3 0 APR Too3nssgtier gyrdsorpapnderoed THE tihRigedeg end side of the finishing tool is

inserted into the bearing hole; as the insertion of the insertion guide portion
10 advances, the angle and parallelism of the axis of a pressure contact working
portion, which is situated on the rear side of the finishing tool and continues with
the insertion guide portion, can be gradually aligned with the axis of the bearing
hole through use of the floating mechanism. At the time when the pressure
contact working portion 1s inserted into the bearing hole, the axis of the pressure
15 contact working portion can be automatically aligned with the axis of the bearing
hole with high precision And, in such high-precision alignment state, the
working of the bearing hole by the pressure contact working portion I1s started
After then, due to the pressure-contact plastic deformation of the bearing hole by
the pressure contact working portion, the inner peripheral surface of the bearing
20 hole of the bearing member can be finished with high precision without leaving
therein any cut traces or wavy traces that could occur in the conventionally used

cut working.
Preferably, the insertion guide portion includes: a front end guide
portion provided In a leading end of the finishing tool and having a diameter

25 which is smaller than a diameter of the press contact working portion, and a



In the acconpanying drawings: 5 Fig. 1 is a side view of a sizing working
t ool according to one enbodi ment of the invention; Fig. 2 is a | orjd ARRJI06RI
section view of a nmotor for an HDD (hard disk drive) including a dynanm c
pressure bearing nenber; Fig 3 is a |longitudinal section view of the
beari ng nenber used in the 10 apparatus shown in Fig 2, Fig. 4 is a side

vi ew of an exanple of a manufacturing apparatus for the bearing nenber,

whi ch incorporates the sizing working tool shown in Fig. 1, Figs 5A to 5E
are explanator%_viems show ng wor ki ng steps to be executed by t

_ [ the
manuf act ur i 18PESHP AR TYHERIINHAUEY FonRecting thegirent; end, gwidgepartienast the
si zing working tool according to another enbodi nent of the invention; Fig.
7 is a trandVessEOrastWIKING RN one exanpl e of the sizing working tool;
Fig 8 is a transverse section view of another exanple of the sizin% 20
working tool ; Fig. ™ this ganfgvraioedthe eWidsr opgeetionr facionr the Fe®r Phdhewor k,
showi ng the state thereof before it is finish worked by the sizing working
tool, Fig 10°PESUR CORIast WOrKING SRHN Wife thau@xia ok ths bearig BRI G ReoFX Tied
showi ng_the state thereof after it is finish worked by the sizing working
tool, 25 Fi Ut sMosthiy Wihper GREINg Yy 99808 {0 thecbeAINGAPEMBEr.t he beari ng
work, 5 3 0 APR 2003 showi ng the state thereof before it is finish worked
by the sizing workiPhgfefaidly,, a isiing weskingreelesarves @srikereress epstashymking Fi g.
5Dis omtted; Fig. 12 is an enlargﬁg_front view of the surface of the
beari ng wor KOT4bwi IR ghisHNéigaiasionh BlecBifish vraskiagi af the BearingHnoer rReiPhsElt he
sizing working tool, in a ) , .
surface can be executed with very high precision.
Here, the sizing working tool is provided with a predetermined lead
10 angle in accordance with a hardness of the bearing member to be worked The
lead angle is increased as the material of the bearing member increases in
hardness
In this configuration, even In the case of hard material such as stainless
steel, the inner peripheral surface of the bearing member can be finish worked
15 with desired high precision
The invention is especially effective in finish working a dynamic
pressure bearing member the finished inner surface of which requires high
precision and includes a dynamic pressure generating groove formed in the inner
peripheral surface of a bearing hole thereof
20 A dynamic pressure groove may be formed on the inner peripheral
surface of the bearing hole, before inserting the insertion guide portion of the
finishing tool.
To do this, a raised portion to be unnecessarily formed in the formation
of the dynamic pressure generating groove can be removed by the finish working,

25 with the result that the step of removing the raised portion can be omitted.



5 case where the working steps shown mFig. 5Dis omtted; Fig. 13 is an
enl arged side view of the surface of the bearing work, show ng the X ARRe2003
thereof after it is finish worked by the sizing working tool, in a case
where the working steps shown mFig. 5Dis omtted, Fig. 14 is an enl arged
front view of the surface of the bearing work, 10 showi ng the state thereof
after it is finish worked by a sizing working tool in a case where the
wor ki ng steps shown in Fig 5Dis omtted; and Fig 15 is a graphical
representation of the influences on the roundness and surface roughness of
t he bearing work when the sizing working tool is set in a deviant manner 15
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS Now, prior to description
of the preferred enbodi mERIEFNRESGRIATIQGN OFEEE DRAVMINGS! | be gi ven bel ow
of the whole structure of a hard disk drive (HDD) 20 to which the invention
is applied with reference to the acconpanyi ng drawi ngs The whol e structure
of a spindle notor for HDD of a shaft rotation type shown in Fig 2 is
conposed of a st at brthesaseatipanydigstawingg: as a fixed part and a rotor
assenbly 20 serving as a rotary part which is assenbled to the stator
assenbly 10 from t hig uppér asside viewria) 2 Shiegswarking aloskrdsicording itacbodes a
25 fixing franme 11 which is to be screwed to the fixing base nenber (not
shown) 6  ZndbosfRRenDY3heintkentons fixing frame 11 is nmade of
alumnumfamly nmetal material for the purpose of reduction of the weight

t hereof and, subst &igt iZalsl § lengitubimat eactic viper ofi ameibr forearh iHDDghaérhdsk 11,
there is erected an annul ar-shaped bearing holder 12; and, on the inner

peri pheral girite) influditg dewnamig diesslae bearingmaralpémg sl eeve 5 13 serving as
a fixed bearing nmenber fornmed in a hollow cylindrical shape is connected to
t he bearing hol der Fit2 3oig plomgiudioal seationiviaw of thsy beaning knerberi uspd Mihs
bearing sleeve 13 is nmade of copper-famly alloy nmaterial such as bronze
phosphtl e i mppatkivs sloowe imbigeZt o facilitate the working of a small-di aneter
hole. Also, a stator core 14, which consists of a |am nated body of 10

el ectromagneti c st B 4ps atsede view ofian exprople of amianwasteingarreriusinrdhe

peri pheral face of the bearing holder 12. The stator core 14 includes two
sal i ent pol &safng Marpkesr whkbobrerpethtes theesizpg WPriisgeiriinomnendadg.ound
respectively. Further, as shown in Fig 3 as well, into a bearing hole 13a
fornmed in the cent Eigsp&di {9 S Gfe taxplanetary ngews shpwing werkinde siepsi tesbet ed a
rotary shaft 21 15 which fornms part of the rotor assenbly 20 The rotary
shaft 21 ac@eaiteg hydhe marpfadaing epprratureshownsinfddet of a gi ven type of
stainl ess steel and the bearing sleeve 13 serving as the above-nentioned
beari ng nenber is A& &F anaitder vigw RbEeSEINGXMBIENg HAR BREOTHB\datY 28Rl 21

serving as the shaft nenber.
embodiment of the invention;

Fig. 7 is a transverse section view of one example of the sizing working
tool;

Fig 8 1s a transverse section view of another example of the sizing

20 working tool;

Fig. 9 is an enlarged view of the surface of a bearing work, showing the
state thereof before it 1s finish worked by the sizing working tool,

Fig 101s an enlarged view of the surface of the bearing work, showing
the state thereof after 1t 1s finish worked by the sizing working tool,

25 Fig 11 1s an enlarged side view of the surface of the bearing work,



A dynam c pressure face; which is fornmed on the inner peripheral face 20 of
the bearing hole 13a of the bearing sleeve 13, is disposed such thgw épﬁ ?ﬂﬂ;.l
opposed in the radial direction to a dynam c pressure face forned e
outer peripheral face of the rotary shaft 21; and, in the m nute bearing

cl earance portion of the dynam c pressure face of the bearing sleeve 13,
there is forned a radial dynam c pressure bearing portion RB The dynam c
pressure face of the 25 radial dynam c pressure bearing portion RB on the
bearing sleeve 13 side is 7 E 0 APR 7003 di sposed so as to be _

ci rcunf er entSNAMIRG %‘Spﬁé@t@dh?r@q gfofs Hahiitish mesked BY the sizisig Workingdeak i 8haf t
21 side with a slight clearance of several pin between them and, a

| ubri cat i ng S@FaEMIeTe thoPEYNG BiES ShBWRAN Fitp: SPhisOEefned by such slight

cl earance in such a manner that it continues in the axial direction of the
rotary shaft 21. 5Fig& 1egsen@nlaaeddian vaw idhewiragaas begreasingr wofkaces
of the bearing sleeve 13 and rotary shaft 21, for exanple, there are

annul ar |y r sEewsstthestaedneracf PagHD i ds Bna ¥rkedibyitheliniag workingdeak & a
generating grooves 13b in such a manner that they are divided into two

bl ocks 3 n t k@saxyhere e wetkirghsterp&howR n bicatibbis onpited) ubricating fluid is
pressed due to the_punping action of the radial dynam c 10 pressure
generating groovesFiEBH 3 5 BRSEHPCHSRS Alaw @ s irigee s uhedyearinot wark, t he
rotary shaft 21 and rotary hub 22 are supported in the radial direction On
t he upper ef8OPBIZ thenstate %ﬁée%@éter Hds @p@gewq’rbemhygthterﬁezm@moakmagmimrta
pressure bearing portion RB, there is disposed a capillary seal portion RS
Thi s capi | | &8§€ ¥&gre B vpdynaeeps sEevn ¢t Gice@Dsis@mittedt t he beari ng
clearance 15 is gradual |y spread toward the outside of the bearing by an

i nclined surface f6igmeld Bnak RPlgreedfpns vigw of theuefase Frihereasingeye a3
side; and, the capill ar%/ seal fporti,on RS is so set as _to have a cl earance
di mensliton, ©EPWERAIHS etaterihiaigoh alirfelt &F IDIBh pyored byod SHing warkipg tpplkein a
capillary seal portion RS is structured such that, in either case where the
nmotor is rotcﬁﬁ%gjr@fe Heonpedg stres shewn én kigr PRCE oFfittedea™d | ubri cating fl uid
is flush with the capillary seal portion RS. The raotary hub 22, whjch
cooperates with thES dpds ¢ FRAREATEPIEFCNFIANRY hdTlusnEes Q8 SRYNOPESS| s
conposed of a substantiaglly cup-shaped nmenber made of al um numfamly netal
m such a na@ESYREe rwgq?r%éaﬁgéw ge rﬁnwp%wh&ntﬂn%ﬁm WOMMDIAR! FgSeeidi um
such as a magnetic di sk, and, a connecting hole 22d, which 25 is fornmed in
the central FFBMEBMPI Y he rotary hub 22, is connected to the upper 8 3 0
APR 201()5:; end portion of the rotary shaft 21 by pressure insertion or by
shrink-fitting. The rotary hub 22 includes a substantially
cyIindricaI-shapB hody~ PQ -l_ a, f.ar_caryylng I kum di sk
t hereon; and, o 7 ¥ 6 HE— e —per he body
portion 22a, there is nmounted an 5 annul ar-shaped drive magnet 22c through
a back yoke 22b. This magnet 22c is disposed in such a manner that it is
close to the outer §eri her¥ (?ide @nd Hrge offth% St tgr C?rtﬁ 14, ‘I,Eo t he

| ower | eadi ng end B] W iFBIRTJP 199E1P qrhroy hAYTIEYEY ERBPEME R PV ON:

di sk-shaped { hru st or

cylindri cal S8R Zfﬁm%ﬂtcb%v%'? ‘f/n }gﬁ“f tBQ{@Z”&%@ngSZ&F@ﬁLOS% *ﬁarfjﬁcgs%gﬁ\?? gD Bé)_rti on
| B
L?ggef ?grr;aﬂ OL\ ttherf)_ear |Oﬁég gﬁeéj?/eeoil% Bﬁ‘l zeu% aofﬁag_@e[?éi %aﬁh%ﬁg%t'opngﬁ i”s]ese
two nutual | ?ho\gbp’@g&é gzy'tﬁgcﬁrjl@%:% ﬁésjfu% gigoécaegél(\:kgﬂQ%%@}l'rlfig?’r%g&aeﬁo%ﬁ%%%
L AL iy A R
e D it I
2 maneer ndtiB el o8B Posndd BiavegadRay kR bk shdube PRISN S he

thrust plate 23 This counter plate 16 is fixedly secured so that it closes
the | ower end opening of the bearing sleeve 13. In the nutually closely
situat ed and opposed cl earance portions of a

6




25 dynami c pressure face fornmed on the upper surface of the counter plate
16 and 9 3 0 APR Z003 the | ower side dynam c pressure face of [qe h%lﬂSt
plate 23, simlarly to the above, there is fornmed a dynam c pres r@
generating groove, whereby there is forned a | ower side thrust dynam c
pressure bearing portion SBb The two dynam c pressure faces on the thrust
plate 23 side formng a 5 set of thrust dynam c pressure bearing portions
SBa and SBb so disposed as to adjoin each other in the axial direction are
di sposed opposed_in the axial direction to the two dynam c pressure faces
on the bear iSifl¢ siTéis, &xing fearae cbluis eadg eft é'UW@ﬁcféWWtfﬁetﬁl rﬁ‘ﬁi@['@' ®rdbeance
of several um between them and, into a bearing space defined by such
m nute cl eaPafRese Phaedustionpalthal weiall 1heseaf cand ngulbsteniiallyt em dhghcernieal out er
peri phery side passage of the thrust plate 23 in such a manner that it
f1 ows conti P@BIRs §f tha fixing fsamal! 1dihese s erectdd en@nneieashagedbeanng hatder east
on one side of the dynam c pressure face of the thrust plate 23 and the
dynami ¢ predgupads araéh%fnrﬂﬁ@eﬁeaerﬁhgldmQféb@ begrinadialdrint%ra peaning siepvas
there is recessed forned a known herringbone-shaped thrust dynam c pressure
gener ati ng Jeo¥¥iNgnat asinghpearineimeanner formedtiata oallow wylindisal shepagdsf | ui d
is pressurized due to the punping action of this thrust dynam c pressure
generating §PBoeeed dotﬁérﬁwl@h@hdéf d 2abyiyigsaure pnegrdan or By shiiar-fitting.
rotary shaft 21 and rotary hub 22 can be supported in the thrust direction
20 The bear iThés heaing sigese 'his theee iohgopperehaaly3alloyenatesiah sueaEisnyoneerer
in the above-nentioned notor is worked using such a manufacturing and
wor ki ng app®haspratadn sraento pa ablegto faciliteteathe workingud & smal-diaaneterholer i al
(work) 13A for the bearing sleeve 13 is gripped by a chuck 32 which is
di sposed in one enfis®f a slgtdr 90f§p|1ﬁ’dl\é’h@m &Adsiskt afha frmeatade)odyn % t ool
st age (t ool 25 nmounti ng nmenber) 33 di sposed such that it is opposed to the
beari rf @ wor Rlecigmagmetic §t®|/ﬂme§0éa‘ltaeﬁém and fﬁﬁurr‘iﬁécpfh”ﬁ@uﬂ%rﬁ@i”ﬁ@era‘
(lathing) tool 34, a ba rolllng tool 35, and an inner surface finishing
tool 41. Théag&si tﬁ@tbf@@ngshq'd@rstruamrsé%ror rorguth ingluggsHer saligpt palecwin be
reci procated mthe axial direction (Z direction) of the bearing work 13A as
wel | as 5 i iheihasseciied grive F@&T%W@U?‘é%@@fpvae%%éﬁm cular to the Z
direction. And, due to the reciprocating notion of the tool stage 33 .in the
respective directibBHINK, a§ shpyrzin g B@%w%dm%a Qﬂ%’néthlﬁé3ﬁefgﬁ"é§@|'@e
tools 34, 35 and 41, on the bearing work 13A, there are enforced such a cut
wor ki ng (1 athf RBYtEsPOSItIaR FHBPERRNG siReves)s, thels issingeTied gerotqryshaft 21

n the beari ng wor k 13A of

the badt | ng YIS0 REMEPHN hine gr%ﬁS§Pw%mFéqﬁifB¥q A Voratod’ @ECRRRIPINS her e
cuttng. tooP e EEG e R AR o S sie SHoRt SPETERS ﬁSﬁLaa%)sae pgifing? e
vor ki g showlv /R i SVE, S KT e eRl LR TATng TaTookds Pl e i ng
P ovi si 8&2?%%3@@%%%%%&%% PSRN HEL "GP BBFe wor ki ng. st ep
R T N A
e 0,2 B éﬁg%@%ﬁh&e@o@%;@%?%{% LI DT
sbove, et | Sped PR “@%ﬁaéw%a@%é LI A
v <o BECPA LIRS PRETSHER P8O TP S DR SRS
g{ ggvgh\gnmnrql(:pﬁﬂ gBé%yﬁg%im@pr'egsEregface of e bégr?ngg gl'esegg 1%O¥ﬁe'r8 s forrr%ne\él &9
radial dynamic pressure bearing portion RB.  The dynamic pressure face of the

25 radial dynamic pressure bearing portion RB on the bearing sleeve 13 side is



3 0 APR 2003 omtted. Next, in a finish working step shown in Fig. 5E which
is the characteristic portion of the invention, the bearing hole 13A3 of
the bearing work 13A is worked so that it has final and finishing 30 APR 2003
precision. This finish working 5 step is carried out by switching the ball
rolling tool 35 over to the finishing tool 41 according to the invention.
Therefore, firstly, description will be given bel ow of one enbodi nent of
the finishing tool 41 according to the invention. The finishing tool 41, as
shown in Fig 1, is nounted on the tool stage 33 gsee Fig. 4) through a

f1 oating holdRAOSRE SR8 tnpa sircurrterentialynpgsed & therdurrmistPressyeiace ant | oat
function to provide the finishing tool 41 freedom but also holds the

fini shing tdo8 raannsaich! adaayities stighitclesranee af seNang! odietween Hierbeantbved
in the radial direction (X-Y direction) with respect to the axial direction
(Z directiordlubsicating fiuscts pryresinto E3peard gmnaceaefinad yesuchdligheleaiggce
direction inclined with respect to the axial direction (Z direction). The

t hus struct Ui 8dchig manser ithay itranderesritigraxéahdrectien oidhe retgowahathadl wi del y
used: For exanple, in Japanese Patent Publication No 6-39608A, there is

di scl oded a fl oati A larst @aroneesidarmfshe WWPdynesic prefsdre fcegrelthg beetinga
finishing tool; and, in Japanese Patent Publication No. 10-249664A, there

i s di scl osedleevel bhen@gotabl shaft Abchasxamplaithere arefaninwallysepassdeioymed om a
finishing tool Therefore, 20 description of the detailed structure of the
floating holg&ingherr=aNapa 4adies dyp@micepreassrie gereraling gravgst bl ingguch a
according to the invention may use a floating hol der nechani sm formed

i ntegral 'y wnanes thatiheyprrydivisied, intertweelloekseindhe pyigt Pinectiont gae. inselstiansm
formed separately froma finishing tool. The finishing tool 41 shown in Fig
1 uses a fl dbae ilvfyicaongdricriscirassethas to dhedympine gelen wf e radialedynamishi ng
tool 41, and it includes a base end portion 41 a 12 3 0 APR 2003 to be
chucked® by tHessure aena@ling lomavese bR thaiehy ganeraie SYPRMIC MIBSRURS, potaton
(pressure contact working portion) 41 b which is fornmed integrally with and
proj ected fridpTatAy Pafle?eaicd pratifuHb 24 age supnostesl;in theyragialidiiegtiovor t i on
(pressure contact working portion) 41 b has an outside dianeter dinension
which allows it 5 4 H URREF 16 PRELSON: RE e RASEINEnaIPagR frming3hss radkal
bearing work 13A and, in case where the sizing working portion 41 b is
pressed agaify8BMhErGSsHe PprINDR_TAN BBy ihgER ivHispaEet Aovardiasy spahePréon 3a3,
it defornms the provisional hole 13A3 plastically to thereby finish the sane
with a desifedl | Bygcapilap: 8! SPBIPVRPI & StTHENUESS BHEN Wt the §eaERg FlsAranee b
itself is well known and w del 0 used, for exanple, it has such a

squar e-3hapdd gé%‘l*ﬁ”éfns%{%a%%‘oﬁyq E?:iog‘.ts"?ec?? tgﬁc@??«g'”ﬁegihg?éhﬁ]d@%&éﬁa%cti on
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a recording medium such as a magnetic disk, and, a connecting hole 22d, which

25 is formed In the central portion of the rotary hub 22, is connected to the upper



portion 41 c is formed integrally with the sizing working portion 41 b.
This insertion guide portion 41 c includes a front end guide porti&ﬂA@ﬂZﬂﬂ
provided in the | eading end portion of the finishing tool 41 and a tapered
portion 41 c2 for connecting the front end guide portion 41 cl continuously
with the sizing working 5 portion 41 b. The front end guide portion 41 cl
has a hem spheri cal - shaped gui de surface in the nost |eading end portion

t hereof and, on the backward side (in Fig. 1, on the right side) of the
guide surface, integrally therewth, there is formed a straight portion
havi ng a sl iefistpartiemaf therrotany shafe 2dibymsessure sertianeordut shrink-fdlingret er of t he
sizing working portion 41 b; and, the straight portion 10 extends in the
axi al direction of Theeratanyi sub né? tingudeas amsiubstantiallydicylinstrieal-skapssh Sodyt .
The tapered portion 41 c2 is continuously enlarged in the outside dianeter
di mensi on f roniarh22a foradagiyingoad re¢asaingfmediemy disk theseah; caricd ongdbetiower sidecl to
the sizing working portion 41 b and, due to the inclined side face of the

t aper ed por tafothe4hnep, paripbeiaisface i efnthepdody i portiofi 22& thierg i mounted| a1
fromthe front end 15 guide portion 41 cl1 to the sizing working portion 41
b can He exernmul-shaped ldriye wadneil2ddmegon@ ank yoker22ty widiik megnelzans
carrying out a finish working step (see Fig. 5E) using the above-structured
fini shing tati$posed imisec armanmnerghebobls dgse to thesurercperiphesy side endofeicsiabnal
hol e 13A3 of the bearing work 13A In this case, firstly, the 20

heni spheri cdhe stepreebre Udf ace of the front end guide portion 41 cl of the
insertion guide portion 41 ¢ fornmed on the | eading end side of the
finishing tool 41 iTo thavowvel kadimgeendedortion of the rgiegy slafbakl theos & fbaaBa of
the bearing work 13A while it is being guided, which can elimnates a
probabi | i ty distashapes thedst iplaje wor k ThBANG:sh plate ddrimgisdedin aleglindrigaistiiapgdt ool
41. 25 Further, the straight portion of the front end ?{ade portion 41 ci
is thel 14 cagity parRp oe@ssad dotreed iimtte taestrpl poitionosfathen tsiveer 1973 ohithe a

gi ven cl earance between them and, as the insertion of the front end guide
portion 41 deastgasieens 1Bhendnyliteinathe pavity pertiosnefothet hearing slesivet had &i zi ng
wor ki ng portion 41 b (pressure contact working portion) on the rear side of
the fini shi riiynesut paassese face feraasaPnyihal yppsedufiecs afhibesthasstsplate 2%iis) of

t he bearing work 13A through the floating hol der nechanism42. And, at the
ti me when t HSRQsEEraP@Oped 19 by AYNapPC pEessUifpieee &g cher thekearitdsieae 13
provi si onal hole (bearing hole) 13A3, the anqle and parallelismof the axis
of the sizing swehla Mgnper thadihe former is sosarte tee rtiritinvbe Iexiay dysetoronyAton
the rear side of the finishing tool 41 are conpletely aligned with the axis
(Z axi'®) of lagstiaeonaiderRy B tMSB AUtugllv RPASKEFVNRAEC PERRSURRDFAGESNEEE t he
finishing tool 41, which extends fromthe front egg uide portion 41 cl to
be initial | ySifoEad BRI PIRSSHFOGPREGHAY Jhep\e ¢ é!?c’%gi%qoe*%el@ﬂ@%ver to

t he sizing workin ortion 41 b, e continuously connected together by the
t aper ed por tqp@ﬁsﬁg Cegrang& PO Pt %ﬁb?é‘{vot%@aw giesgUspereat P WertgFusélpgiﬁ?ment

of the sizing workin ortion.41 b can be 15 executed snoothly w t hout
st oy B Bt Tt hn g 6 R T AE T HEEST HE ORI E Fr et
provi sional hole 13A3 of the bearing work 13A by the sizing working portion
41 b is stalfESINEMPLULPR2t hat the axis of the sizing working portion 41 b

i i d with th [ f th L Si | hole 13A3 with hi i Si

A tor Then, due to REUBPERLP! BoMIE “pIASHRSEH R o PRk oRaBRT RETRST
i Si | hole 13A3 b h i Zi Ki 41 b, the i | I

Dt acenr (e 0F e P e RS A Bt R REE B BRB o o
ked with high i S i t hout | i tii t :

races that B5IMBEEE YA h RO AP GHATS AUEI HEDR%r Al TOEORIBPRE, as

inth t. enbadi t,, | wh th tact workj

oo o < S0 el 41 e b oS SRR B K e

i nner peripheral suyrface OI tPe earkﬂg can be carried out 15 = 3 0 _APR

2003 with very hiNgHeMadrioFosele SHYFHPL AN QEPREEDr €87 EN6R RHOBR ©f a

confirmed, for exanple, fromthe
25 dynamic r;gpessure tace formed on the upper surface of the counter plate 16 and



results shown in Fig. 15, The results shown in Fig. 15 are obtaj£$ﬁ 'awthe
follow ng manner: that is, the axis of the finishing tool 41 ser 81 Ja
sizing 5 working tool is intentionally deviated fromthe axis of the
beari ng work 13A and, in correspondence to the axis deviation anmounts
thereof (in Fig. 15, vertical axis), the roundness and surface roughness
(in Fig. 15, horizontal axis) of the finish worked bearing work 13A are
actually nmeasured. Fromthese actual neasurenent results, it has been
confirnmed that the finishing precision varies 10 little regardl ess of the
axi s devi at i lcavassidesdynaspe Presswe fage efiiee thiyst pipta 3 syaiainlg thembeve 13
for a dynam c pressure bearing in which the finished inner peripheral
surface thethes is &fiades dingMipPESEdicogenasstind BraaYE, whereiynthere sgotet 41
of a sizing working tool, the bearing inner peripheral surface having

hi gh- pr eci siedawar sigettliust eyranaisqsessite Haprinag portionghBless and roundness can
be obtained at a | ow cost and, therefore, a good bearing characteristic can
be obtai ned easilyTPotwe xmpIuc pressuiss fanesrore 8 thrustoplelea?3 sidsuforaing a
showi ng such an uneven state as shown in Fig 9 after execution of the

gr oove Swor kisboktheystslyoamic prassyee be@inthpopns &Ba and &Bhose disppeed @shoa
very snmooth mirror surface 20 state as shown in Fig 10 after a finish

wor ki ng st egdicin eadhi ethesuit Hie i@l sdifeciee afec oisgpagd t epraseds inifsh amalki ng
step using the sizing working tool 41 shown in Fig 5E !'n this case, the
fini sh wor kiditgcliare o shewiwa dlyrargic PEESsaIre d8ers o9 g’)ﬁach@taédg tsieene ilderpensi ve
device which is different froma device for executing 25 the cut working

(1 at hi ng) stcepniehelate 1A Sugywitsa minde Alessancehef sevgrall urdpebween tem; ahd) APR
2003 pressure generating groove 13b working step shown in Fig. 5C can al so
be execut edinigi agpeariiof seaeendefinsd day. sppll, Minkte piearanee.ethane 1Fi peWRIWAr ki ng
step of the bearing nenber 13 for use in a dynam c pressure bearing device

i s exdéut eduBficetied daeiddhrasehi tbaayts rernohery fisielkpargagertdtiee dansbelaen?8t ed

the raised portion renoval working step shown in Fig. 5D. That is, in case
where, aftein éw*ébamame@ihatHélqvédtﬁcmtlnaw%lvn"ttn@r@@@Lﬂg@cg@m@f&@irﬁgernﬁbave 13b
wor ki ng step shown in Fig. 5C, the raised portion renoval working step
shown in Figl- 5D is onitted and thus the finish worki ng step shown in Fig.

5E is carried out imediately, the inner peripheral
At least on one side of the dynamic pressure face of the thrust plate 23

and the dynamic pressure face of the bearing sleeve 13 and counter plate 16,

15 there is recessed formed a known herringbone-shaped thrust dynamic pressure
generating groove (not shown); and thus, in rotation, the lubricating fluid is
pressurized due to the pumping action of this thrust dynamic pressure generating
groove to thereby generate a dynamic pressure, so that the rotary shaft 21 and
rotary hub 22 can be supported in the thrust direction

20 The bearing hole 13a of the bearing sleeve 13 used as a bearing
member in the above-mentioned motor 1s worked using such a manufacturing
and working apparatus as shown in Fig. 4. That is, a bearing blank material
(work) 13A for the bearing sleeve 13 is gripped by a chuck 32 which is disposed
In one end of a rotary spindle 31 and, at the same time, on a tool stage (tool

25 mounting member) 33 disposed such that it is opposed to the bearing work 13A,

10



10 surface of the provisional hole 13A3 of the bearing work 13A can_be
finished with high precision. For exanple, it has been confirmed thad ARR 2003
surface show ng such an uneven state as shown in Figs. 11 and 12 after
execution of the groove working steps shown in Fig 5C has turned out into
such a very snooth mrror surface 15 state as shown in Figs. 13 and 14
after a finish working step is carried out on the surface according to the
finish working step using the sizing working tool 41 shown in Fig. 5E

Al t hough description has been given heretofore_in concrete of an enpodi nent

of the i nveliererarennereled dyut werkng dlathing)nioehsdra balifrolina ted 33, rndan
invention is not limted to the illustrated enbodi nent but various changes
and nodi fi c#nebissiriaee finissingdeastbl e wit hout departing fromthe subject
matter of the invention. For exanple, the above-nentioned finish working
tool is not l|initedhEoloph 2GR ¥ ¥ StrerhigethonksyRp Eodrarmer , that éh cen kase
where a pressure contact 25 working is perforned using a transfer working
t ool using &ecipipsatachia,the gxiekdiegtion7(Z dicciompet the beaneg wierkai BAd@sswel aar
operations and effects to the illustrated enbodinent. Al so, the application
of the§ nver tfenXianch¥tdinechonsetespectivedy peripgndicsler do thaeZ dechomotAnd, Bue, for
exanple, the invention can also simlarly apgly to a dynam c pressure
beari ng deviteéevraprorating awtirn o theten stage @3 i thegrespestbteatdirejioas X, Y
pol ygonal mrror. Further, the invention is not |imted to the dynamc
pressure be@dng Weila selepling pre ehihearespestive fogls 34, a¥peRd dd, anftheiberringr ki ng
which is used to finish work an ordinary bearing nenber such as a slide
bearing. 18work 13A, there are enforced such a cut working ﬂathlng) step as shown in Figs.
5A - 5D as well as such a finishing step as shown in Fig. 5E.
10 Firstly, on the bearing work 13A of the bearing sleeve 13 with a
provisional hole 13A1 opened up therein, there 1s enforced a first rough working
step shown in Fig. 5A; that is, using the cutting tool 34, the hole diameter of the
provisional hole 13A1 is enlarged. Next, in a second rough working step
including an oil groove working shown in Fig. 5B, using the same cutting tool 34,
15 while working an oil groove 13A2 between two radial bearings, the hole diameter
of the provisional hole 13A1 is enlarged further Then, in a groove working step
shown In Fig 5C, the cutting tool 34 is replaced with the ball rolling tool 35 and
the radial dynamic pressure generating groove 13b i1s worked. After then, in a
raised portion removing step shown In Fig 5D, raised portions, which have been
20 unnecessarily produced in the bearing hole 13A3 in the above-mentioned
working of the radial dynamic pressure generating groove 13b, are cut and
removed. By the way, in case where the bearing member to be worked is not
the dynamic pressure bearing member having the radial dynamic pressure
generating groove 13b but is a simple slide bearing, the groove working step

25 shown in Fig. 5C and the raised portion removing step shown in Fig 5D are

11



3 0APR2003 1234567891011 12 WHAT IS CLAIMED IS: 1 An apparat us
for manufacturing a bearing nenber forned with a bearing hol e, conpdgg ﬁg

a finishing tool, that finishes an inner peripheral surface of the A @M
hol e, the finishing too! including: a pressure contact working portion,
inserted into the bearing hole to plastically deformthe inner peripheral
surface by applying a press contact force thereon; and an insertion guide
portion, provided in a front side of the pressure contact working portion
W th respect to t he bearing hole; and a floating mechanism that holds the
finishing t&®Mttadvably in a radial direction of the bearing hoIe and
slantably with respect to an_axis of the bearing hole

manuf act uri ng appaR‘ simaA Sfilish owerkingn femi AhaWN L'irth‘Iér Etﬁ)n’ﬁhicg‘r Ry thea
tool stage, on which the floating nmechanismis npun

manuf act ur i $GAEAFIRIISEEPPTERN gllheridyamionnthg kesning hQJ/ﬁe1r3é’i3n°fttH§ b@ﬁ”ﬁge/vquon

gui de portion includes: 3 a front end guide portion provided in a |eading
end of the fliA ishwatedosd thatalh@aﬁafmah@nd finislheg arreciRiosh Thisskirish ayorkinen a
di ameter of the press contact 5 working portion; and 6 a tapered Fortron
for comtinudteR ip cesrigrbevt pigswitehing &1e belhtpllgm el 35 pyet rodheérmwrumga qsr é3s
contact working portion 19 3 0 _APR 2003 1 4. The manufacturing apparatus
as set fort [RCFardNGinit® inkgelien. n Taesefera dirstiywsiascrgtiarowl!l Beoiven belowrs
press contact working portion. 1 5. The manufacturing apparatus as set
forth in cl @anmembegiewst af thadinshinaiigob4veereraina tedhe rryeﬁF 190 ded with a
predeterm ned | ead_angle with respect to the axis 3 of the bearing hole.

6. The nanufacturrﬁbeg ing teol 44, seshewntin Fig bHéﬂﬁO@“eﬂGFIW@ﬂoégﬂﬁgﬁsrng
2 atool for formng a dynam c Pressure groove on the inner peripheral
surface of 33 (seetddr ﬁh@rﬁe%@r aj.mg holdereeshanisméduf he dinishincatast4d i ng
menber formed with a bearin conprising the steps of: 3 provrdrng a
fini shithg t 66t orithhah a Aesly §tr%n Eﬁ @sevide e finishinauiedliflgreedem: Penalsand an
insertion guide portion, provided in a front side of the pressure 5 cont act
wor ki ng por 110k¥ the: fnisiaigartaok 41 vmeustza mapnesiteat dedfinignion tos! Advean Bein 6
a radial direction of the bearing hole and slantable with respect to an

axi s of theMCREHNitAY rﬁerabdrectmsfér‘(.drrgcrcpm wméﬁ%ne@htoghhie@@drqucaﬁn (4t o
the bearing hole while aligning 9 an axis of pressure contact working
portion w t KIreREerxefs ther b?ﬁ@”%e"équ‘ nbaﬁuﬁseweﬂoa%ﬁ?j “1% INASER: Brget HEHPBssur e

cont act vvorkr portion into the bearing hole 12 while efo an i nner
peri pher al é’?ﬁ‘?‘ﬁ@ewm resReahdar PR PHR)| %’r%sr'oéipé WREIRD)13 ?e‘bgsc%rh’tc&éf? force

ther eor)é 20ﬂoat|ng holder mechanism 42 is well known and widely used: For example, in
Japanese Patent Publication No 6-39608A, there is disclosed a floating holder
mechanism which is formed integrally with a finishing tool, and, in Japanese
Patent Publication No. 10-249664A, there 1s disclosed a floating holder
mechanism which 1s formed separately from a finishing tool  Therefore,
20 description of the detalled structure of the floating holder mechanism 42 is
omitted here  The finishing tool 41 according to the invention may use a floating
holder mechanism formed Integrally with a finishing tool, or may use a floating
holder mechanism formed separately from a finishing tool.
The finishing tool 41 shown in Fig 1 uses a floating holder mechanism

25 formed integrally with the finishing tool 41, and it includes a base end portion 41a

12



3 0 APR 2003 1 8. The manufacturing nethod as set forth in claim?7, further
conprising 2 the step of nounting the finishing tool onto a tool stjdgAPR 2003
through a floating 3 nechani smwhich realizes the alignment novenent of the
finishing tool. 1 9. The manufacturing nmethod as set forth in claim7,
further conprising 2 the step of formng a dynam c pressure groove on the

i nner peripheral surface of 3 the bearing hole, before inserting the
insertion guide portion of the finishing tool. 1 10. A finishing tool for
finishing an inner peripheral surface of a bearing hole 2 forned in a

beari ng menterbe guigserdivile floating helden meckgntsat ¢2\@dka RGINSoweiksg peiser t ed
into the bearing hole to 4 plastically deformthe inner peripheral surface
by appl yi ng (Rrqssees C@Gmcécwom@omqr%&ﬁbrwhwsm ianformeerintegralyumaté podt i on,
provided in a front side of the pressure 7 contact working portion with
regard to arPrPiestad ireng thierkesei /i pertioRe e niTsie figingoyPrking pertion (Rresswat i ng
mechani sm that holds the insertion guide portion and the 10 pressure

cont act wor Kiongagsavarkiog pastiem 410 has apautsife giaraeter dimesiomavhinkhagliiavs ol e
11 and slantably with respect to an axis of the bearing hole. 1 11. The
fini shithg t delbeggseytad inte the pravisioaehhale 13RRET dhebeaiénd warks t3anNgUngase
portion includes: 3 a front end guide portion provided in a |eading end of
t he fini shi nghereothe4siaing warking partifirad®p ¢¢ pRsesd Rgaipsatheeinnehperphdrainet er
of the press contact 21 3 0 APR 2003 5 working portion, and 6 a tapered
portion for ss&ecenefotha yredsinast halg 1BA3f ropefasme the eeovisipealt hels 2883t he
press contact working portion. 1 12. The finishing tool as set forth m
claim 11, widagicallatatherabydinistothetsaenmewith griesiied lenal @Epissisiaron i s rounded.
1 13. The finishing tool as set forth in claim10, wherein a sizing working
tool 2 serves as tN¥hisr thessema working mertinn gobtiiser. isiwalbkngwe 3richivddeing
tool as set forth in claim13, wherein the sizing working 2 tool_is

provi dét wi tUsed, freerranepif ihd@s| s arsgrerenhapadesgrdion asoshown axiFdg.of of he 3
bearing hole 22 . Al _.A A Au,. A .Ay. A5. A A(.A A A AAAAA S Ay. Anf, Ah. A A
<0Q7>KWB |such a heXagonal-shaped section as shown in Fig. 8 and extends inthe axial
zupkf a\ W ca] ¢ca] ca] ca] ca] ca].ca] c*a] ca] c%] ca] ca] ca] cagca] calcLa] cal calcalcal]c
a] ca] ca] ca] (gér]e@w@mg]r}%%@wg échj é’%‘]e alAndgiferiead angle © (sée Fig. 1) of the sizing

working portion 41b where the sizing working portion 41b extends in the axial

direction thereof I1s set such that it can be increased as the material of the bearing

15 work 13A increases in hardness For example, in case where the bearing work

13A is formed of soft material such as aluminum material or brass, as in a

finishing too.I 51 shown in Fig 6, the lead angle 6 is set at 0°. But, on the other

hand, in case where the bearing work 13A is formed of hard matenal such as

normal iron material or stainless steel, as shown in Fig. 1, the lead angle 6 is set

20 in the range of 30° - 40° ; that is, by use of the sizing working portion 41b having
such large lead angle 6 , even the hard material can be worked properly.

On the forward side of the insertion direction (in Fig. 1, left direction) of

the sizing working portion 41b, there is provided an insertion guide portion 41c

serving as a guide member to guide the finishing tool 41 when it is inserted into

25 the provisional hole 13A3 of the bearing work 13A, while the insertion guide

13
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h& () - QeF- f Kigeh&urface inghe mapgt)eadingeng roytios thesend gnd. onttbeagkyprdrsitdeo,
h& ()-@0% h& ()-7; <=>KxnhCf 10% h&Z10%}| & ()- 10 h 10 h 10 h :10% h& ()-F, 1
10% h& () - 71owé e 1¢ )y thevsigd gisle ko thel giser 3riace! ety (theremibodiere is- |
10%| & ()- 109% & ()- 109%4| & ()-, mlOo%| & ()- | dEnbCf10% h, S&
1094 & () - $eT0ed Bes{raight Poftigng haYiIng -§ SﬂQWﬁM gmajler potgifie digmetssgthgn (the
9dENHCf 10% h210%4| & ()-&010%4| & ()-3. m 10%| & () -, ,, , _
10%4| & () - 9’%@)@? @'%’)‘Et,qf(Qfl‘(B%P@er) WOWK RS GTOrton rﬁ"hﬂ@%%&h?)s’fral@m pagan
104| 9=10%| & ()-8 10%4| & ()-, 6 . o ,
10%}| 82'(( )-4 Madsdn me pvg&cﬂ@%gﬁl pf.mmmlﬂgggql )4_1 whil§uis diameter is constant.
h& ()-!'V: $10%hvh& ()-! #10% h h& ()-! #10%+& ()-210% h& ()-7u& z[<1C 10
hs=s10% h& () - 41.$168 }g@e(qd. igortion 41c2 is continuously enlarged In the outside

e () AN oS ddiarteier dimension o the siraight porton of the front end guide pbriBh 4167
to the sizing working portion 41b and, due to the inclined side face of the tapered
portion 41c2, the insertion operation of the finishing tool 41 from the front end

15 guide portion 41c1 to the sizing working portion 41b can be executed smoothly
without damaging the bearing work 13A

When carrying out a finish working step (see Fig. 5E) using the

above-structured finishing tool 41, the finishing tool 41 is inserted into the

provisional hole 13A3 of the bearing work 13A  In this case, firstly, the

20 hemispherical-shaped surface of the front end guide portion 41c¢1 of the insertion

guide portion 41c formed on the leading end side of the finishing tool 41 is

smoothly inserted Into the provisional hole 13A3 of the bearing work 13A while it

Is being guided, which can eliminates a probability that the bearnng work 13A can

be damaged by the finishing tool 41.

25 Further, the straight portion of the front end guide portion 41¢1 is then
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inserted into the provisional hole 13A3 with a given clearance between them and,
as the insertion of the front end guide portion 41¢c1 advances, the angle and
parallelism of the axis of the sizing working portion 41b (pressure contact working
portion) on the rear side of the finishing tool 41 can be gradually aligned with the
axis (Z axis) of the bearing work 13A through the floating holder mechanism 42.

And, at the time when the tapered portion 41¢2 is completely inserted
into the provisional hole (bearing hole) 13A3, the angle and parallelism of the
axis of the sizing working portion 41b (pressure contact working portion) on the
rear side of the finishing tool 41 are completely aligned with the axis (Z axis) of
the bearing work 13A. At the then time, the portions of the finishing tool 41,
which extends from the front end guide portion 41c1 to be initially inserted into
the provisional hole (bearing hole) 13A3 over to the sizing working portion 41b,
are continuously connected together by the tapered portion 41c2; and, therefore,
the guiding operation for alignment of the sizing working portion 41b can be
executed smoothly without causing any damage in the bearing work 13A

Thus, the working of the provisional hole 13A3 of the bearing work 13A
by the sizing working portion 41b is started in a state that the axis of the sizing
working portion 41b is aligned with the axis of the provisional hole 13A3 with high
precision After then, due to the pressure-contact plastic deformation of the
provisional hole 13A3 by the sizing working 41b, the inner peripheral surface of
the provisional hole 13A3 of the bearing work 13A can be finish worked with high
precision without leaving any cutting traces or wavy traces that could occur in the
conventional cutting operation. That is, as in the present embodiment, in case
where the pressure contact working portion 1s composed of a sizing working tool,

the finish working of the inner peripheral surface of the bearing can be carried out

15
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109%4| & () - 109ayIE @5‘0%1188&19 REY 0@1@%1%5 soowngin Fig. 1 eoeenbseipgd an the
10%| & ()-010% & () - . "10%| &/&q

109%4| & () - followingymanneyi thatiig e()aXle@h@%flraﬁiomgcmm}@;@e(rymglmp sizing
104| 9=10%}| & () - 8' $10%!] &g xxa o/ z[9 =10 3. MBLOY%R ()- @ 10%G& ()-!C
&$SL10UR ) - WO, @96@&* ig)inten mtytqugteqmﬂ@ axig/qhtihe bepring work @t and o

h& ()-!f#10%h& ()-'Z10% h&' () -
in correSpondence to the axis deviation amounts thereof (in Fig. 15, vertical axis),

'g10%t| & ()- 10%| & ()-, 10%| & () - 10

the roundness and surface roughness (in Fig. 15, horizontal axis) of the finish

worked bearing work 13A are actually measured. From these actual

measurement results, it has been confirmed that the finishing precision varies
10 little regardless of the axis deviation amounts.

Especially, in the case of the bearing member 13 for a dynamic
pressure bearing in which the finished inner peripheral surface thereof requires
high precision, by forming the finishing tool 41 of a sizing working tool, the
bearing inner peripheral surface having high-precision diameter tolerance,

15 surface roughness and roundness can be obtained at a low cost and, therefore,
a good bearing characteristic can be obtained easily

For example, it has been confirmed that a surface showing such an
uneven state as shown in Fig 9 after execution of the groove warking step
shown in Figs. 5C and 5D has turned out into such a very smooth mirror surface

20 state as shown in Fig 10 after a finish working step is carried out on the surface
according to the finish working step using the sizing working tool 41 shown in Fig
5E

In this case, the finish working step shown in Fig. 5E can also be
executed by an inexpensive device which 1s different from a device for executing

25 the cut working (lathing) step shown in Figs 5A - 5C  Also, the radial dynamic

16
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& () - C3DXEEEEEEEU] @ 'Z10%%' ()- 10G 10G
10G3=10%G& Erecategipisa difterentmeyivgog’ () -
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096G () - ! f#10%& (AAngIhIaSENBMRENE fipisismarking sten ofdhedsaring member 13 for
=10%:&' ()-90: $10%& ()-!190: $10%& ()-f& $10%& () -! [f & $109%&' () -' MAM=MNOO7Q
}[ 9SHE! * 1 Va$BeYR | SR dyamicely eesyeargaringodeviam i exequfed by the above-mentioned
5 sizing working, there can be omitted the raised portion removai working step
shown in Fig. 5D. That is, in case where, after execution of the radial dynamic
pressure generating groove 13b working step shown in Fig. 5C, the raised
portion removal working step shown in Fig. 5D is omitted and thus the finish
working step shown in Fig. 5E is carried out immediately, the inner peripheral
10 surface of the provisional hole 13A3 of the bearing work 13A can be finished with
high precision.
For example, it has been confirmed that a surface showing such an
uneven state as shown in Figs. 11 and 12 after execution of the groove working
steps shown in Fig 5C has turned out into such a very smooth mirror surface
15 state as shown in Figs. 13 and 14 after a finish working step is carried out on the
surface according to the finish working step using the sizing working tool 41
shown in Fig. 5E
Although description has been given heretofore in concrete of an
embodiment of the invention enforced by the present inventors, of course, the
20 invention i1s not limited to the illustrated embodiment but various changes and
modifications are also possible without departing from the subject matter of the
invention.
For example, the above-mentioned finish working tool is not limited to

an ordinary sizing working tool but, even in case where a pressure contact

25 working is performed using a transfer working tool using a round rod, there can
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pressure bearing device which is used in a motor for driving or rotating a
S polygonal mirror. Further, the invention is not limited to the dynamic pressure
bearing device but it can also similarly apply to a finish working which is used to

finish work an ordinary bearing member such as a slide bearing.
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WHAT IS CLAIMED IS:

1 An apparatus for manufacturing a bearing member formed with a
bearing hole, comprising:

a finishing tool, that finishes an inner peripheral surface of the bearing
hole, the finishing tool including:

a pressure contact working portion, inserted into the bearing
hole to plastically deform the inner peripheral surface by applying a press contact
force thereon; and

an insertion guide portion, provided in a front side of the
pressure contact working portion with respect to the bearing hole; and

a floating mechanism, that holds the finishing tool movably in a radial
direction of the bearing hole and slantably with respect to an axis of the bearing

hole.

2 The manufacturing apparatus as set forth in claim 1, further comprising

a tool stage, on which the floating mechanism is mounted.

3 The manufacturing apparatus as set forth in claim 1, wherein the
Insertion guide portion includes:

a front end guide portion provided in a leading end of the finishing tool
and having a diameter which is smaller than a diameter of the press contact
working portion; and

a tapered portion for continuously connecting the front end guide

portion and the press contact working portion
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109BB& 2) - V{werkingitgp! serves as the press contact working portion.

1 5. The manufacturing apparatus as set forth in claim 4, wherein the sizing
2 working tool is provided with a predetermined lead angle with respect to the axis

3 of the bearing hole.

1 6. The manufacturing apparatus as set forth in claim 5, further comprising
2 a tool for forming a dynamic pressure groove on the inner peripheral surface of
3 the bearing member.
1 7. A method of manufacturing a bearing member formed with a bearing
2 hole, comprising the steps of:
3 providing a finishing tool, which includes a pressure contact working
4 portion, and an insertion guide portion, provided in a front side of the pressure
) contact working portion with regard to the bearing hole, and which is movable in
6 a radial direction of the bearing hole and slantable with respect to an axis of the
7 bearing hole,
8 inserting the insertion guide portion into the bearing hole while aligning
9 an axis of the pressure contact working portion with the axis of the bearing hole;
10 and
11 inserting the pressure contact working portion into the bearing hole
12 while deforming an inner peripheral surface of the bearing hole by applying a
13 press contact force thereon.
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1 8. The manufacturing method as set forth in claim 7, further comprising

2 the step of mounting the finishing tool onto a tool stage through a floating

3 mechanism which realizes the alignment movement of the finishing tool.

1 9. The manufacturing method as set forth in claim 7, further comprising

2 the step of forming a dynamic pressure groove on the inner peripheral surface of

3 the bearing hole, before inserting the insertion guide portion of the finishing tool.

1 10. A finishing tool for finishing an inner peripheral surface of a bearing hole

2 formed in a bearing member, comprising:

3 a pressure contact working portion, inserted into the bearing hole to

4 plastically deform the inner peripheral surface by applying a press contact force

5 thereon;

6 an insertion guide portion, provided in a front side of the pressure

7 contact working portion with regard to an inserting direction of the finishing tool;

8 and

9 a floating mechanism, that holds the insertion guide portion and the
10 pressure contact working portion movably in a radial direction of the bearing hole
11 and slantably with respect to an axis of the bearing hole.

1 11. The finishing tool as set forth in claim 10, wherein the insertion guide

2 portion includes:

3 a front end guide portion provided in a leading end of the finishing tool

4 and having a diameter which is smaller than a diameter of the press contact
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6 a tapered portion for continuously connecting the front end guide
7 portion and the press contact working portion.

1 12. The finishing tool as set forth in claim 11, wherein a front end of the
2 front end guide portion is rounded.

1 13. The finishing tool as set forth in claim 10, wherein a sizing working tool
2 serves as the press contact working portion.

1 14. The finishing tool as set forth In claim 13, wherein the sizing working
2 tool is provided with a predetermined lead angle with respect to the axis of the
3 bearing hole
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