NANUFACTURIN ¢KGRCUND OF THE I NVENTION 5 The present invention
relates to a ure bearing device applicable to apparat &g .IAN 2003
rotating at high speed, or exanple hard disk drivers, rotary pol ygon
mrror drivers and so forth and net hods of nanufacturlng such a device, and
nore particularly to a thrust dynam c pressure bearing device and a 10

met hod of manufacturing the same. Anong apparatus rotating at high speed
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The rotora and the beariRgricnel BANDRACTDRINE TEESAREY . ofat i ng upon

the respective bearing nenbers. Such a dynami c pressure bearing includes a
radi al dynam c pressure bearing for supportl ng the rotor in the direction
in which it rotates and a th , ' D ng the rotor in the
axial direction. As for a Hpe ' = formed by
press-fitting a disk-1ike 20 thrust pl ate |nto a rotary shaft in order to
secur @ the thrust pl ate thereto. The dynam c pressure bearing device wll
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contorme 1g Wpcatble to %%F%gpatgsn r(t)tgﬁng ra?%t'a&t speed, for example hard disk drivers,
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rotary polygon mirror drivers and so forth and methods of manufacturing such a
device, and more particularly to a thrust dynamic pressure bearing device and a
10 method of manufacturing the same.

Among apparatus rotating at high speed such as hard disk drivers,
there is one using a dynamic pressure bearing so arranged that rotors can rotate
without contacting bearing members by causing dynamic pressure to be
generated in lubricating oil lying between the rotors and the bearing members

15 while the rotors are rotating upon the respective bearing members. Such a
dynamic pressure bearing includes a radial dynamic pressure bearing for
supporting the rotor in the direction in which it rotates and a thrust bearing for
supporting the rotor in the axial direction.

As for a known thrust bearing, it is formed by press-fitting a disk-like

20 thrust plate into a rotary shaft in order to secure the thrust plate thereto.

The dynamic pressure bearing device will be briefly described by the
use of an example of a hard disk driving motor shown in Fig. 6. The structure of
the thrust bearing shown in Fig. 6 conforms to what is based on the present
invention and though the motor structure is well known, the following description

25 will be given to make clear problems to be solved by the invention.
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i nvention and though the notor structure is well known, the follow ng
description 25 will be given to make clear problens to be solved by t hgy 03
“invention. 1 ~.1an~-?20031In Fig, 6, a notor frane 8 has a hole for
fixing a sleeve 4 and the |l ower end portion of the sleeve 4 is securely
press-fitted into the hole The sleeve 4 is a cylindrical nenber having a
central shaft hole, and a small-dianeter and a | arge-di aneter recessed
portions 13 and 14 are formed round the central shaft 5 hole in the |ower
end portion of the sleeve 4. The central  hol f.a stator core 12 is placed
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uppeq5edgep5,€ﬁ%ﬁ 1@f the sleeve 4, and the central hole of a rotor hub 2 like
a cup placed upside down is secured by press-fitting to the projected

portion of the rotafingbhad bydamibesslire 'gro®idsparerfaimedbh L@f;eﬁ 88d [edr hub 2
covers the stator corée 12, and a cylindrical rotor magnet 10 is secured

to the i nnenrffgss Phend 3 of e GRiRPIAETS PBIAtirRhferentide dipédifohal Theree of a
one or a plurality of hard disks (not shown) is placed with the outer

peri pher al afexgsy @mdlngapsatepedivBlybedvedn ¢ GSperainffatb S 1hdise threitates
nounted on a flange 21 fornmed on the outer peripheral face of the rotor hub

2. The har g =fidskeioppbsdd elkel@uegitbdtvetn thdpWertsRifabe 3221 the thrastplateer
cranp nenber. 15 Supply of power to each driving coil 23 is controlled in

accopgance5vdrichthehepposkdtdountdr maei 8.1 Qubstatintefltiot Richregineticatingvdieiesby t he
rotor magnet 7, the rotor hub 1, the rotary shaft 1 and the thrust plate 5,

these i nt egrthkeby ghps nhag fo@tiag iandyrzatit pressuee troustt mebriigt h\ViHeei the trotistt | on,
the aforenentioned thrust and radial dynam c pressures are generated and
t he rot ar yplaabtodethekesh the rotary shaft 1 rotates, the lubricating fluid is compressed

In the dynamic pressure grooves, so that the dynamic pressure I1s generated in

the thrusting direction Moreover, a very small gap is also present between the

25 outer periphery of the rotary shaft 1 and the central shaft hole of the sleeve 4,



20 non-contact rotation relative to the sleeve 4 and the counter plate 8
form ng the fixed-side dynam c pressure bearing part. Therefore, tHd .[AN 2003
“frictional resistance is reduced to nmake possi ble the snooth and hi gh-speed
rotation of the rotary shaft 1. Wth respect to the formati on of the thrust
dynam c pressure bearing 25 part, the rotary shaft 1 is press-fitted into
and integrated with the thrust plate 5, for 3 1 0 .14N 2003 exanple. Fig.
7 shows how the rotary shaft 1, the thrust plate 5 and the counter plate 6

mbi ned_together in the related art. As f Fig. 6 the right
angl o5 at  GHTRHICHESSEAGOGRATE 19 Mebiseh RESTOTE S hE e Herbherdl fasst ¢ an

LR A L T i S AT LI
The et hot SEEVE TS dr NBILEND 4 AT AP HE FISSIER FoRTIPHEaN SRS ANAI | 5 t o
[ he e et R g Gnginudd BinalaStBesl e Bgiabokag! Bs it frrBh St | BERs. char
oy shavi no i bari B S Bies HeeaTs PRSI ReNERIas ) CRLRH] GESFBRe e uss
P oot sely o+ hoT B8 raBhy shit o SR Bomt P8, G criterd et ot o
o o b 3 108 HE A ol LA B M ATORE aur AEcRLRERAS s Seelerty”

dovel oped PRE HHT0 SHINE PRPSRAPOER: o TR T BB: ol B SUEN BRI PHReq
i b AT
(fradP gxnasg%%c:ﬁ?iﬁ%ﬁwgﬂ? e ebvaf‘itﬂ%_rﬁ%?f" Rl Efﬁﬁs%ﬁ'me e

t he shaft %nc(gf%t ﬁrﬁéﬁﬂrr%@ty °g|h%F§d§396’5°és§s@Wﬁ?ﬁ’%"ég vg‘ﬂg{ﬁ%t%@g%bgnaﬁ%gg Il AN

2003 th I f i h
Chrust i afastihifie FaBy i 2%k 3,660 AR ehidelis HtnfaPoPB'riRgR 21he
R‘%bﬁt%d and to

uni form ze ] ur gl t
provi de a ﬁ.ét odtlsﬁga(err%rlfﬁéfrj%lrﬁ)héﬁn tfl%?eggg%rer}.&%rplﬁﬁé?fdgpbtsho&gc I eve the above

turing

obj ect . aCGREGHENPd Aol Bor PLE DA, YA cRlinp Héiher  Provi ded a dynani o

pressure bear evice, conprisin
156 Supply of power to each driving coil 23 is controlied in accordance with

the rotational position of the rotor magnet 7, whereby the rotor magnet 7, the
rotor hub 1, the rotary shaft 1 and the thrust plate 5, these integrally forming
rotating parts, are rotated With their rotation, the aforementioned thrust and
radial dynamic pressures are generated and the rotary shaft 1 makes
20 non-contact rotation relative to the sleeve 4 and the counter plate 6 forming the
fixed-side dynamic pressure bearing part. Therefore, the frictional resistance is
reduced to make possible the smooth and high-speed rotation of the rotary shaft

1.
With respect to the formation of the thrust dynamic pressure bearing

25 part, the rotary shaft 1 Is press-fitted into and integrated with the thrust plate 5, for



a shaft nenber; a thrust plate, fornmed with a press-fitting portion into
whi ch the shaft nmenber is press-fitted such that the thrust plate ekxQend003
“perpendicular to an 10 axial direction of the shaft nmenber; a bearing
menber, being opposed to the thrust plate for formng a thrust dynamc
pressure bearing portion; and at least two relief portions, for absorbing
press-fitting stress, the relief portions provided in at |east one of the
press-fitting portion of the thrust plate 15 and a part of the shaft nenber

whi ch corres on sflttln p [n this con uration,
portion V\:hl u'gvglsgg VSt rﬁFag)@?'Plt‘ﬂt' q?ﬁgt%tgﬂ'?fe%é ‘ieﬁ\eé@é’at%en
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pressure beari devi ce becones obt ai nabl e. Preferably, the relief portions
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shaft nenber. I AN 2003 In this co uration ess-fitting
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rotary shaft 1 is press-fitted into the thrust plate 5.
The degree of the right angle between the rotary shaft and the thrust
10 plate may be cansidered to be made accurately achievable by shaving the shaft
without press-fitting the rotary shaft inlto the thrust plate. Under this method, the
degree of the right angle can be attained precisely and there is no problem
arising from causing the thrust plate from warping. However, the disadvantage
of the shaving method includes making the working troublesome, requiring a
15 lengthy working time, wasting much raw material and increasing costs.
These problems will be developed from not only the shaft rotating type

but also a shaft fixed type.

SUMMARY OF THE INVENTION

20
An object of the present invention made to solve the foregoing problems
concerning the related art is to provide a dynamic pressure bearing device
having a shaft and a thrust plate forming a thrust dynamic pressure bearing part
which is mounted to the shaft in a direction perpendicular to the shaft, in such a
25 manner as to integrate the shaft and the thrust plate by press-fitting so that the



“warping of the thrust plate effectively reduced. Mire preferably, the

relief portions are provided as notched grooves 5 which extend enti]rﬁ‘lil?gr%'zq:o3
“the thrust plate, in parallel with the axial direction of the shaft ;
Preferably, the thrust plate is nmade of a material which can be subjected
to coining process, and dynam c pressure grooves are formed on the thrust
pl ate by the coining process. 10 Al though such a material nmay be easily
defornmable, that is, easily warped at the tinme of press-fitting, the
war pi ng of the thrust plate can be efficiently elimnated by form n{g
relief portheat PGie 6BR HELSE reenfEoprea®ing apg ﬁ%e Sepdsiween thy dupst pate
manuf acture the dynam c pressure bearing device, there 15 are provided a
shaft nenbéPd BgdT%EdFiasTYNEME PressHre PSH Y Raprissyformigedy WHePv@ i nt o
whi ch the shaft nmenber is press-fitted, At |least two relief portions are
formed in &tabledBiushriyremie HEeps s sist PPiainaPIBorHol® BfoWdR a HPeSPdpPhte and
a part of the shaft nenber which corresponds to the press-fitting portion
The shaft MmaBERCHENGINESEME.tted with the press-fitting portion such that
the thrust 20 pl ate extends perpendicular to an axial directign of the
shaf t onenber, whi [NePrRBKIORENGYE tg@l%b@f/e &@ﬁqtcﬁ%oﬁﬁ%%thﬁr%%emi”ﬁ\ﬁ”ﬁ@”et ress.
Preferably, the relief portions are forned when the cojning process is
conduct ed” tRETE Y RIQVIHEAR AYIABICRTBSHIEL ]RGOS 168 CORPTISMAst plate. In this
configuration, the relief gorti ons can be formed w thout increasing 25 the
nunber of processf#§altegEOeH 1 0 .1 AN 2003 BRI EF DESCRI PTI ON OF THE
DRAW NGS

each

a thrust plate, formed with a press-fitting portion into which the shaft
member is press-fitted such that the thrust plate extends perpendicular to an
10 axial direction of the shaft member,;
a bearing member, being opposed to the thrust plate for forming a
thrust dynamic pressure bearing portion; and
at least two relief portions, for absorbing press-fitting stress, the relief
portions provided in at least one of the press-fitting portion of the thrust plate
15 and a part of the shaft member which corresponds to the press-fitting portion.
In this configuration, a portion which is equivalent to the press-fitting
margin is relieved when the shaft member is press-fitted into the thrust plate.
Therefore, the stress axially applied to the thrust plate after it has been
press-fitted into the shaft is reduced without causing the thrust plate to warp.
20 Thus, the gap between the thrust plate and the opposed bearing member is
uniformized and the shaft member after the generation of the dynamic pressure
is determined with stability, so that a highly reliable dynamic pressure bearing
device becomes obtainable.
Preferably, the relief portions are formed with equal intervals in a

25 circumferential direction of the shaft member.



In the acconpanying drawings: 5 Fig 1 is a top plan view of a thrust, plate
according to one enbodi nent of the present invention; Fig. 2 is an 1 JAN 2003
"elevational section view of the thrust plate; Fig. 3 is a bottomplan view
of the thrust plate; Fig. 4 is an elevational section view show ng howto
manuf acture the 10 thrust plate; Fig. 5 is a diagram show ng steps of
fabricating a rotary shaft set conprising a thrust plate and a rotary
shaft; Fig. 6 is a section view of an exanple of a hard disk driver to

whi ch a dynam c pressure .bearing, devi ce_accordin the inventio
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same will be sel eﬁtef\ereat}/y,dﬁsec thr%es pqate Its mage of a material which can be

subjected to coining process, and dynamic pressure grooves are formed on
the thrust plate by the coining process.

10 Although such a material may be easily deformable, that is, easily
warped at the time of press-fitting, the warping of the thrust plate can be
efficiently eliminated by forming each relief portion for absorbing the press-fitting
stress.

In order to manufacture the dynamic pressure bearing device, there

16 are provided a shaft member, and a thrust plate formed with a press-fitting
portion into which the shaft member is press-fitted. At least two relief portions
are formed in at least one of the press-fitting portion of the thrust plate and a
part of the shaft member which corresponds to the press-fitting portion The
shaft member is press-fitted with the press-fitting portion such that the thrust

20 plate extends perpendicular to an axial direction of the shaft member, while
making the relief portions absorb press-fitting stress.

Preferably, the relief portions are formed when the coining process is
conducted to form the dynamic pressure grooves on the thrust plate.
In this configuration, the relief portions can be formed without increasing

25 the number of processing steps.



Figs. 1 to 3 show an exanple of a thrust plate for use in the invention. 5
As shown in Figs. 1 to 3, athrust plate 5 forns a disk in the shap? Oh&ﬁ@
"ring having a central shaft hole 53. As shown in Fig 1, herringbone Hy @
pressure grooves are formed in such a way as to surround the hole 53 in an

upper surface 51 of the thrust plate 5. Simlarly, as showm in Fig. 3,
herringbone dynam c pressure groove are also forned in such a way as to
surround the hole 10 53 in a | ower surface 52 of the thrust plate 5. As
described with reference to Fig. 6, a shaft circular in section is
press-fitted into the hole 53 of the thrust plate 5 There are forned tilted
faces 51 a and 52a and t| face h 2 h .0 the central portion

form ng the central sha A : 5 Se-Tak My be set thinner
than the surfaces 51 and 52 where the dynam c pressure grooves are 15
formed. A tapered portion 53a is also fornmed at the inner peripheral end of
each of the flat L@Bes 51 b and 52b in the central portion of the central
shaft hole 53. MIE8%&CCOMBERHEE HAWBIEs 54 are axially formed in such a
way as to hang over each of the flat faces 51 b and 52b. The not ched

gr oovz-’s 54 are axFQI ﬁys PJPH@EG'? MEMW R gﬁﬁﬁ é@te@@pr@mg 0 PRe sTRedPeshaft s
pressed-fitgﬁd into the 20 central shaft hole 53, the flat faces 51 b and
52b may fo epetiidfeHePt i on of the material of the thrust plate 5

corresponding to g press-fjtting nmargin. These ny notched grooves are
formed at equal pg'tg'r%h%?’é?lelvﬁ%'%f?@}éﬁgt?%\éleWr??;&?gﬁ‘l‘élp'?t@?the central axis of
the thrust plate 5. The prgvision of t ot ched grooves 54 make the
material on the iﬁﬁb '%%BBB?WHH@?Mp“ﬂgggeﬂﬁpﬁ%ﬁ@mghe central shaft hole 53
easi |y novabl e whEn t.he rotﬁrét.B | 1t0 la~l 2003 shaft is reﬂs-f{'htted
into the central 5®aft'Si] §leygigRl SREUQH Vg S%‘P‘%PQ OV fo MNaf A& the
Cbnsquentu%_sﬁﬂe material of the thrust plate 5 equivalent to the
press-fitti 5 P§ n works and acts as what narrows the notched grooves 54

bl ate 55 decreastl 3 Rug HRVEMIDITG Yot Hheeicardre oy eltoel (o'
h I f 52 of th h I 5

P om bei ng BAS g DS Eg o Srrt ShF Tig  “or i n order to mmke the
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central portion o e cC t he notcC gr ooves are

i ded 1 - f | Yoo o i : th f
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not ched grooves 54~ are fornmed is thinner than the section whe

surfaces SiotafOstudt st forf ARG relied BRI présdure HBEARPAEAES Hhd he thrust
plate 5 by preéess-fitting is as 15 shown in Fig. 6 inserted into the central

hol e of a sleeve.Frij @ap &SphdiaMibiallohdlesddtivadvisivdexsi4RRBHC oP HRSISIERR
beari ng part opposing the upper and | ower surfaces of the thrust plate 5;

nor e speci tb@drhing thé rdtanf sHafesktabosdiown in the exanple of Fig. 6 between

t he back surface of the sleeve 4 and the surface of a counter plate 6, so
that lubricating fluid existing in the gap causes the fixed-side dynam c 20
pressure bearing part to be generated between the thrust plate 5 and the
fixegpsi de dynaDETANEES HESE REANONGOPIHE PREFERREDEMBODMNENTS-i gs. 1 to 3
i ndi cating an exenplified arrangenent, the thrust plate 5 is set free from
a warp, and the gap between the thrust plate 5 and the fixed-side dynamc
pressure bearing part is uniform zed. Mreover, a stable dynam c pressure
is generated 25 aTikreh@illpbsi tiésonibefl 4 ynamiamyesduné tbaapingt ddViye deidemm ned
after the generation of the 9

method of manufacturing the same according to one embodiment of the present

invention. Incidentally, an example of the hard disk drive to which the dynamic

25 pressure bearing device according to the invention has already been described



1 0 .1AN 2003 dynam c pressure, whereby a highly reliable dynamc Hr zﬁgre
beari ng becones obtainable. In the prior-art arrangenent, the rotarJF- 4003
"is circular in horizontal section with the central hol e shape of the thrust
plate into which the rotary shaft is 5 press-fitted. The rotary shaft is
basically circular and by making the outer diameter of the rotary shaft
slightly greater than the central hole dianeter of the thrust plate, the
press-fitting margin is secured. Wien the thrust plate 5 is press-fitted
into the rotar haft 1, the.material of the thrust plate i eft .over to
the ext ont I YRETSHeEqTth FId Bce Threrare; nd,Gopelutidn, B he dhrish ehreiiover
material, 10 the axial internal stress because of the press-fitting is left
' the. t hr FEESTI &L 2EBNOVRF |1BC SRS SP B Be I pIoAt BS Ve ooy ABY. WPt Fetioe 8 nant ¢
pressure grooves under a nethogbsinilar for transferring
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t he upper punch 15 is attached thereto, and a carbide materi 26 such as

tungsten caifehds thé Hit fRicey BaBidhdsBSFURE BhRaVSoiah It EhtR@nan Hak upper
surface of the lower punch 25 is also attached thereto. The core is allowed

to pass thrsaugiMdreevere Ablohkd kpbevebsPhrd BgaloitRieBUAGHcR 2 wadas s Bang he
central hole of the upper punch 15. Mreover, knurled unevenness forner 36,

for exanpl ewvef each @f Thadlat fecgsebieang G2b. 0MhieSdotoed toqesi Ppherabxiany | of
the central shaft hole 53 of the thrust plate 5 is forned on the outer

peri phery dbrridw therpeiroegtsl spottst omha thdeorey &shdf. isTheessbddigtbd dhiat ¢hed i S
made of a material such as phosphor bronze that 20 can be subjected to

coi ni2@y. Thentranshiail hald 8Bt thealat fadest3ie drid 5@ malyaben Ghe selieepdaibh\oéthe fitt ed
in part of the unevenness forner 36 of the core 35 passed through the | ower
punch 25 behatesal bhéheupipest plate [Sovaregpondimgstcla preds2iftingl mardins Shedee, the
upper punch 15 is pressed against the | ower punch 25 or the upper and | ower
punches 15 maty 2btched grmmwed dre foineedlatr @ptal paripmerahintdrvbletamdah pa2feallehéo
punches are set closer to each other, so that the thrust plate 5 is cl anped
11 the central axis of the thrust plate 5.

The provision of the notched grooves 54 make the material on the inner

25 peripheral face forming the central shaft hole 53 easily movable when the rotary



"1 0. i a N 2003 between the upper and | ower punches 15 and 25.

Si mul taneously, the thrust plate 5 is slid along the unevenness forqqféﬁ@mm
- of the core 35. Then the dynam c pressure groove patterns of the carbide
materials 16 and 26 of the respective upper and | ower punches 15 and 25 are
transferred onto the upper 5 and |l ower faces of the thrust plate 5 and used
to formthe dynam c pressure grooves. Further, the relief portions 54 are
formed on the peripheral wall of the central shaft hole 53 of the thrust
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formfg stehown in Fig. 6 inserted into the central hole of a sleeve. A gap is formed in the

fixed-side dynamic pressure bearing part opposing the upper and lower surfaces

of the thrust plate 5; more specifically, it is formed as shown in the example of Fig.

6 between the back surface of the sleeve 4 and the surface of a counter plate 6,

so that lubricating fluid existing in the gap causes the fixed-side dynamic

20 pressure bearing part to be generated between the thrust plate 5 and the

fixed-side dynamic pressure bearing part. Further, as shown in Figs. 1 to 3

indicating an exemplified arrangement, the thrust plate 5 is set free from a warp,

and the gap between the thrust plate 5 and the fixed-side dynamic pressure

bearing part is uniformized. Moreover, a stable dynamic pressure is generated

25 and the position of the rotary shaft I1s stably determined after the generation of the



13 1 0 .1AN Z003 WHAT IS CLAIMED IS 1 1. A dynam c pressure bearing

devi ce, conprising: 2 a shaft menber; 3 a thrust plate, formed witH &.IAN 2003
“press-fitting portion into which the shaft 4 nenber is press-fitted such
that the thrust plate extends perpendicular to an 5 axial direction of the
shaft nmenber; 6 a bearing nenber, being opposed to the thrust plate for
formng a 7 thrust dynam c pressure bearing portion; and 8 at |east two
relief portions, for absorbing press-fitting stress, the relief 9 portions

provided in at | east one pf the press-fitti ortion of the thrust plate
0 and o plriom s ERavReram RO ehentid Belth bty 4 peal eudiesfied | ng
portion. 1 % T bearing device as set forth in claiml, wherein the
relief porfJ BB are formed with equal intervals in a circunferenti al

Claim 1. wherein [ RRUST A EEETENh (D aY Sthrerr /S SRrediehe
the thr ust SprEreny RTEET RoR A AP Soe ity PR IR SRR et et "
rotary shaPEEyREtbedrnipddy Faet o TRt o B SRR (ype”
dynar & pr HECE BLLF iy SRR ST Balergnda e sPe e e e LG o ot
press-f 111 BHCSURRYGE PraoTrgs Mot b "sshtiits WheRelt Kl PR hisaxi al
direction BFes%[}ﬁte%q%{otthtg‘ero a%; shaft 1, the material of the thrust plate 5 is left over to
the extent of the margin. Since there is no place to relief the left over material,
10 the axial internal stress because of the press-fitting is left in the thrust plate 5.
While the thrust plate 5 is formed with the dynamic pressure grooves under a
method similar to what is used for transferring ruggedness by stamping called a
coining method, for example, the thrust plate 5 may warp as shown in Fig. 8 if the
internal stress is left over as mentioned above because a deformable material,
15 for example, phosphor bronze is used. Consequently, the gap between the
thrust plate 5 and the counter plate 6 becomes ununiformized, thus making the
generation of dynamic pressure unstable.
According to the invention, the stress applied to the thrust plate 5 is
reduced as stated above and the warping of the thrust plate 5 becomes
20 preventable.
As the stress applied to the thrust plate 5 can be reduced by increasing
the press-fitting margin relative to the thrust plate 5 and the rotary shaft so as to
increase the strength for preventing the rotary shaft from slipping off the thrust

plate 5, it is also possible to eliminate the warping of the thrust plate 5

25 Although a number of notched grooves 54 as relief portions are formed
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" a bearing nenber, being opposed to the thrust plate for formng a thrust
dynam c pressure bearing portion; and at |east two relief portions,]{f oKy 03
- absorbing press-fitting stress directed to the shaft nmenber, the relief
portions provided in the press-fitting portion of the thrust plate. 6. The
bearing device as set forth in claim5, wherein the relief portions are
formed with equal intervals in a circunferential direction of the shaft
menber; and wherein the relief portions are provided as notched grooves
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pressure ber ElLiJ device, 2 conprising the steps of: 3 providing a shaft
menber; 4 providaing a thrust plate formed with a press-fitting portion into
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with equal intervals In a circunferenti irection of menber .

aner ot SRSy MHAGh s TR RN s O (R bRLELEIA 1L,
material. 25 is also attached thereto. The core is allowed to pass through the central hole
15 of the lower punch 25 and enter the central hole of the upper punch 15.
Moreover, knurled unevenness former 36, for example, for forming the relief
portions 54 on the peripheral wall of the central shaft hole 53 of the thrust plate 5

is formed on the outer periphery of the upper end portion of the core 35.

The thrust plate 5 is made of a material such as phosphor bronze that
20 can be subjected to coining. The central shaft hole of the thrust plate 5 I1s
tentatively fitted in part of the unevenness former 36 of the core 35 passed
through the lower punch 25 between the upper and lower punches 15 and 25.
In this state, the upper punch 15 is pressed against the lower punch 25 or the

upper and lower punches 15 and 25 are moved in the direction in which both of

25 the punches are set closer to each other, so that the thrust plate 5 is clamped
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V810960 S & Lo LERAIOMAE (Dl RN Sty LD bjected to corning to
18((%;[ (19%5{': /2{6% ?%Q@E;pl'r&%gur& %@@‘T% %L%djr%i@ug)er %hd lower faces of the
blank material. At the same time, the notched grooves or knurled relief portions
are formed in the inner peripheral face of the blank material so as to obtain the
15 thrust plate (step ST1). Then thrust plate is taken out of the coining processor
(step ST2) and cleansed (step ST3). A shaft made of a material such as SUS
420J2 is then press-fitted into the central shaft hole of the thrust plate (step ST4)
and subjected to inspection to obtain a complete rotary shaft including the thrust
plate integral with the shaft (step ST5). The complete rotary shaft is usable for a

20 hard disk driving motor as shown in Fig. 6.
As set forth above, in this embodiment, though the notched grooves for
absorbing the axial stress at the time of press-fitting the thrust plate into the
press-fitting portion are formed in the thrust plate, the relief portions may be

formed on the thrust plate press-fitting portion on the rotary shaft side, and the

25 circular center of the thrust plate may also be press-fitted into the press-fitting
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5 Further, the central heole of the thrust plate may be polygonal and a
shaft circular in transverse section may be press-fitted to form relief portions in
the space produced in the corner portions of the polygonal central hole.

Further, the thrust plate may be formed of a thermoplastic resin and the

dynamic pressure grooves and the relief portions may also be formed during the

10 forming step.
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2 a shaft member:
3 a thrust plate, formed with a press-fitting portion into which the shaft
4 member is press-fitted such that the thrust plate extends perpendicular to an
5 axial direction of the shaft member:
6 a bearing member, being opposed to the thrust plate for forming a
7 thrust dynamic pressure bearing portion; and
8 at least two relief portions, for absorbing press-fitting stress, the relief
9 portions provided in at least one of the press-fitting portion of the thrust plate

10 and a part of the shaft member which corresponds to the press-fitting portion.

1 2. The bearing device as set forth in claim 1, wherein the relief portions
2 are formed with equal intervals in a circumferential direction of the shaft
3 member.
1 3. The bearing device as set forth In claim 1, wherein the thrust plate is
2 made of a material which can be subjected to coining process, and dynamic
3 pressure grooves are formed on the thrust plate by the coining process.
1 4. The bearing device as set forth in claim 1, wherein the shaft member
2 is either a rotary shaft in a rotary shaft type bearing device or a fixed shaft in a

3 fixed shaft type bearing device
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10( kWQWXXdE: /A dylnoamic pressure bearing device, comprising:

2 a shaft member;

3 a thrust plate, formed with a press-fitting portion into which the shaft
4 member is press-fitted such that the thrust plate extends perpendicular to an
5 axial direction of the shaft member;

6 a bearing member, being opposed to the thrust plate for forming a
7 thrust dynamic pressure bearing portion; and

8 at least two relief portions, for absorbing press-fitting stress directed
9 to the shaft member, the relief portions provided in the press-fitting portion of
10 the thrust plate.

1 6. The bearing device as set forth in claim 5, wherein the relief portions
2 are formed with equal intervals in a circumferential direction of the shaft
3 member; and

4 wherein the relief portions are provided as notched grooves which
5 extend entirely in the thrust plate, in parailel with the axial direction of the shaft
6 member.

1 7. The bearing device as set forth in claim 5, wherein the thrust plate is
2 made of a material which can be subjected to coining process, and dynamic
3 pressure grooves are formed on the thrust plate by the coining process.

1 8. The bearing device as set forth In claim 5, wherein the shaft member
2 is either a rotary shaft in a rotary shaft type bearing device or a fixed shaft in a

3 fixed shaft type bearing device
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1 9. The bearing device as set forth in claim 5, wherein a central portion of

2 the thrust plate 1s thinned to form the press-fitting portion.

1 10. A method of manufacturing a dynamic pressure bearing device,

2 comprising the steps of:

3 providing a shaft member,

4 providing a thrust plate formed with a press-fitting portion into which

5 the shaft member is press-fitted;

6 forming at least two relief portions in at least one of the press-fitting

7 portion of the thrust plate and a part of the shaft member which corresponds to

8 the press-fitting portion; and

9 press-fitting the shaft member with the press-fitting portion such that
10 the thrust plate extends perpendicular to an axial direction of the shaft member,
11 while making the relief portions absorb press-fitting stress.

1 11. The manufacturing method as set forth in claim 11, further comprising

2 the step of forming dynamic pressure grooves on the thrust plate by coining

3 process,

4 wherein the relief portions are formed when the coining process is

5 conducted.

1 12. The manufacturing method as set forth in claim 10, wherein the relief

2 portions are formed with equal intervals in a circumferential direction of the

3 shaft member.
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1 13. The manufacturing method as set forth in claim 11, wherein the thrust

2 plate is provided as a member made of a cupper-family material.

17



