DESCRI PTI ON  DYNAM C PRESSURE- TYPE THRUST BEARI NG UNI T AND MANUFACTURI NG
VETHOD THEREOF Technical Field The present invention relates '
pressure-type thrust bearing unit and a manufacturing nethoammm@mmmmmMMf
Background Art Conventionally, a spindle notor using a dynamc
pressure-type liquid bearing unit has been used in an i nf or mat i-drr'**”

apparatus such as a magnetic disk drive unit. A dynam c press
thrust bearing unit which constructs a dynam c pressure-type”@ﬁm ﬁl/mm”/
bearing unit conprises, as shownDERCRITION, a shaft body 11 ha

thrust flange 7 provided on the front end portion thereof and a “f#poerst
plate 1 provided oRYNAMIS| BRESSUREsI¥®Ee THRURHA BEARINGOUHEAbLIy support ed
on this shaft body 11, and the thrust plate 1 and the thrust flange 7 are
opposed to each other,AﬁﬁjMﬁNUEAQFqﬁléhIMQﬁﬁOQnﬁﬁﬁﬁ@PEhe shaft body 11 and
t he sl eeve 10 and between the thrust flange 7 and the thrust plate 1. On
aL Ieﬁst one surface of the opposed surfaces of the thrust flange 7 and

t he thrust ate 1, d m c pressure- generatin rooves (hereinafter,
referred Fsghglca ngﬁégg pressure grooves") aregfgrned. Tgese dynami ¢

pressure g1 00ven, e ol aARE; UhSLe) A 8L ULaLld i ' oaRED 0K ylleshaped

grooves are C ape |I's genera errin ne. 1
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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 disk drive unit.

A dynamic pressure-type thrust bearing unit which
constructs a dynamic pressure-type liquid bearing unit
comprises, as shown in Fig. 10, a shaft body 11 having 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 the
thrust flange 7 are opposed to each other, and a fluid is filled
between the shaft body 11 and the sleeve 10 and between the thrust
flange 7 and the thrust plate 1.

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

are continuous, which shape is generally called a herringbone.



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
dynam c pressure to be generated, that is, the floating-up amount changes
depending on the angle of the V-shaped or U shaped grooves of the dynam c
pressure grooves, the groove wi dth, the nunber of grooves, the |ength,
depth, flatness and the like, and also fluctuations occur due to the
rel ati ve numbednotheotdmusits beamisen unis copsirusiesody ak@verafi onary
shaft and the gap, and furthernore, viscosity of the fluid filled between
t he rot at¥ofpthbry hady ceaposes: pEridhs tdHarst plate tand Jher eleg¥et kP ust
plate 1 and the thrust flange 7 are made of, for exanp a conparatively
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pressure grooves, the groove width, the number of grooves, 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 the thrust plate 1 and the thrust flange
7 are made of, for example, a comparatively soft metal such as
brass, a resin material or the like, the above dynamic pressure
grooves are formed by press working. However, such a thrust
plate 1 and thrust flange 7 are weak in abrasion resistance and
have a problem such that powder due to abrasion and the like
occuré during use and their lifecycles become short.

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

However, press working is carried out for forming a

pattern having a predetermined shape by causing material for



made of such a hard material as above. Therefore, as shown in Fig. 11, it
is difficult to make groove portions 12 and non-groove portions 13 al ong
the direction of arrangenment of dynam c pressure grooves 2 (the direction
of arrow A) having a uniformw dth, and an insufficiency in groove depth,
unevenness in depth, and furthernore, poor flatness and the |ike occur,
therefore accurate dynam c pressure grooves 2 cannot be obtai ned.
Therefore, when form ng dynam c pressure grooves 2 on a hard netallic
surface, fiormiogi agprecesding shofapeatoi Afowet hhdrefare) atley at hod and
the like are carried out. However, in each of these nethods, a nunber of
processesmatarialiifgnatsneothy seseded out fedkthg RHAs@ssinGRuEfaitng (a
shot bl asting, or plating) process, and a neutralizing (coating-stripping)
process, Badefef swanarbard natemniak asppbo¥ss HERBRRIAER eAHFNOWhaRef ore a
probl em exi sts_such that , operations becone conplicated, resulting in high
costs. DiEéfoshte dF %ﬁedFﬁgéﬁPiBntPtm?EeaﬂrBBPECP°BFl?H§ giegﬁﬂt i nvention
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dynam ¢ pjfesehfiess in depth, and furthermore, poor flatness and the like
occur, therefore accurate dynamic pressure grooves 2 cannot be
obtained.
Therefore, when forming dynamic pressure grooves 2 on a
hard metallic surface, an etching method, a shot blastingmethod,
a plating method and the like are carried out.
However, in each of these methods, a number of processes
including a cleaning 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.



type thrust bearing unit in which dynam c pressure-generating grooves are
formed 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 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 formng thereon the
dynam c pressure-generating grooves is pressed with a pattern which
produces a w damethod foir mapudac it &hg aldynabic pws spusoty psothrest and
non-groove portions in the direction of arrangenment of the adjacent
dynani ¢ prezsime-ugithereconding obves. fc8braspgct oo htRecpresentti on, the
groove portions and, non-groove portions coincide in volune and a plastic
def or mat i bBiveRtior i ovveethed| Hor SHARRERCERFLRG & AYNAREF eBRESERES Ty nani ¢
pressure-generatin rooves can be carried out , w thout difficulg ,
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flange, at a side of a rotating body rotatably supported on the
shaft body, wherein a groove-cutting surface for forming
thereon the dynamic pressure-generating grooves is pressed with
a pattern which produces a width ratio of approximately 1:1
between groove portions 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 groove-cutting surface for forming thereon
the dynamic pressure-generating grooves can be carried out
without difficulty, therefore accurate dynamic pressure
generating grooves can be easily formed.

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

dynamic pressure-generating grooves is caused to flow from a

central portion toward an outer peripheral portion of the




generating grooves. According to this construction, nore accurate dynamc
‘pPressure generating grooves can be forned. A nethod for manufacturing a
dynam c pressure-type thrust bearing unit according to a third aspect of
the present invention is characterized in that, in the first aspect,
dynam c pressure-generating grooves are pressed to an outer peripheral
portion of a straight hole or a stepped hole formed in the central portion
of the groove-cutting surface for formng thereon the dynamc

pr essur e- ganéaaei, nand pressed socthali ag owt s hde diemsitrercoforhe pactesnal for
formng the groove-cutting surface flows not only towards the outer

peri pher abepomesoapproximatelywihés same sazer agethpieps| theogtrone-
therefore, even nore accurate dynam c pressure grooves can be realized. A
met hod f ofukkibbasuufpeg éoﬁyﬁaﬁménsr§§§ﬁﬁ@nt$b@ ANnaELC PEEEPHgeani t
according to a fourth aspect of the present invention is characterized in
that, in ORBEFREINIagEEOVESdynani c pressure-generating grooves are

si mul t aneously pressed to both surfaces of the thrust flange, Accprding to
this construct iRFEOFEAP LR | Y HICHISIHYTLLORA MR | WAL RAYRABIC whi ch

i's caused béFBrESSin m both sides o flow t.o the outer and inner
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phases bearing unit according to a third aspect of the present
invention is characterized in that, in the first aspect, dynamic
pressure-generating grooves are pressed to an outer peripheral
portion of a straight hole or a stepped hole formed in the central
portion of the groove-cutting surface for forming thereon the
dynamic pressure-generating grooves.

According to this construction, the metal for forming the
groove~-cutting surface flows not only towards the outer
peripheral portion but also towards the inner peripheral
portion, therefore, even more accurate dynamic pressure grooves
can be realized.

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

According to this construction, restoration of plastic
deformation of the metal which is caused, by pressing from both
sides, to flow to the outer and inner peripheral portions can

be made even smaller.



of the dynam c pressure- generating grooves to be formed on one surface
and the dynam c pressure-generating grooves to be fornmed on the other
surface are adjusted to correspond to each other at the tinme of pressing.
According to this construction, fluidity of the material formng the
groove-cutting surface for formng thereon the dynam c pressure-generating
grooves can be further inproved. A nethod for manufacturing a dynam c
pressure-type thrust bearing unit according to a sixth aspect of the
present i nventA methedciar mehuefazedringtadynamnctgreessurse-tgpethruatshft
body-receiving surface of the thrust flange is pressed with a pattern

whi ch forheacdngausipoaccondingdteoavéiipbrarpact afr fhgepreadhtl |y or
concentrically, and produces the width ratio of approximately 1: 1 between
t he concal@vpBELPBrS aharapkerianaddn phati dasthe fepasi a5RRvi RBaFPLEt ness

of the shaft body-receivingpsurface. According to this construction,
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of attachnent of tae haft body to the thrust flange can be inBroved. A
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According to this construction, fluidity of the material

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 characterized in'tﬁat, in the first aspect, a shft
body-receiving surface of the thrust flange is pressed with a
pattern which forms concave portions and convex portions
arranged radially or concentrically, and produces the width
ratio of approximately 1:1 between the concave portions and the
convex portions, thereby 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-tfpe 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



caused by conpositional unevenness of the material and differences in
accufacy of machinery tools in use can be inproved. A dynamc
pressure-type thrust bearing unit according to an eighth aspect of the
present invention is characterized in that, dynam c pressure-generating
grooves are fornmed on at |east one surface of opposed surfaces of a thrust
flange and a thrust plate, the thrust flange being provided on a front end
portion of a shaft body, and the thrust plate being provided, in an
opposed rthausbnflengheorhthet thruageplateaisi geooesaedr wikhi figabedy,
wherein the dynam c pressure-generating grooves are fornmed to produce a
wi dt h ratpoesgingproxi mately 1:1 between groove portions and non-groove
portions in the direction of arrangement of the adjacent dynamc
pr essur e- gener HIIMFHrsbredhisseens Brugtion: Aederdpsratdeon philataghsni c
pressure-type _thrust beaning unit which is excellent in abrasion

p @gooves can
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be realized,  _A nethod,.for manufacturing .a dynam c pressure-type .thrust

bear i ng At FEEEBPAPndNt BCGIRARY LS JRTATY G tR ohR USRI 1% i <
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dynam ¢ pggssidRehYi¥pect of the present invention is characterized in
that, 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 provided,
in an opposed relation to the thrust flange, at a side of a
rotating body, wherein the dynamic pressure-generating grooves
are formed to produce a width ratio of approximately 1:1 between
groove portions and non-groove portions in the direction of
arrangement of the adjacent dynamic pressure-generating
grooves.

According to this construction, a dynamic pressure-type
thrust bearing unit which is excellent in abrasion resistance
and also has accurate dynamic pressure-generating grooves can
be realized.

A method for manufacturing a dynamic pressure-type thrust
bearing unit according to a ninth aspect of the present
invention is characterized in that, in any of the first through

seventh aspects, the groove-cutting surface for forming thereon

the dynamic pressure-generating grooves, which is subjected to



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 Enbodi nent 1 of the present
invention; Fig. 2 shows an enlarged view of a main part of dynam c
pressure grooves in Fig. | and enlarged sections of- the grooves along a
direction of arrow A; Fig. 3 shows an enlarged section of a dynamc
pressure grooves-formed surface of the thrust plate in Fig. 1, Fig. 4
shows an préss e, skas i anhafdeessi of nh8 @ ocbhroughod 40 ngs t exphesgadeln

enbodi nent; Fig. 5 shows schematic views for explaining various types of
flat surfhtekerschersdreedrding to the same enbodinent; Fig. 6 shows side
views and plan views of a thrust flange according to Enmbodi ment 2 of the
present enbodi ASFOrding te thbHCANHEUGERN arfd AYPaR1F BRESBRI§-E¥PE st
flange according to Enbodinment 3 of the present invention; Fi.g. 8 shows
schemat i cERF &Sk AT DUt W 1pheds %%ﬁ?iﬁﬁﬁ":dﬁ‘PﬁéaﬁﬁpﬂsfeﬁFgﬁagce
according to the sani enboglnent; Fig. 9 shows schematic views for

expl ai ni ngPPrR&sEIDHRY nEe3bh%89beari ng body-recei vi ng surface of the thrust
flange according to the sane enbodinent; 8 Fig. 10 shows a | ongitudi nal
section of a prior-art dynam c pressure-type thrust bearing unit; and Fig.

11 shows Qrf&feﬂgééfi§£f3503fpﬁfg&iﬁéé dynam c pressure grooves.

Fig. 1 shows a side 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 grooves 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 the same embodiment;

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

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

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

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

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

according to the same embodiment;



Best Mbde for Carrying out the Invention Hereinafter, enbodinents of the
‘present invention will be described in detail by means of Figs. 1 through
Figs. 9. Herein, identical synbols will be used for conponents form ng
constructions simlar to those of Fig. 10 and Fig. 11, which show the
above prior-art, and a detailed description thereof wll be omtted.
(Enbodinent 1) Figs. 1 through Figs. 5 show Enbodi nent 1 of the present

i nvention. In Enbodinent 1, on the dynam c pressure grooves-form ng
surface havi ng Bidharld ratewd ix landduelinah sactsien miss mtit-artdynani c
pressure grooves 2 are formed so that the width of groove portions 12 to
non- gr oovaypanitopsessuspotypehthaupscbpatiinyg uaitang8dent of the adjacent
dynam c pressure grooves 2 becones approxjimately 1:1, which is an aspect
di fferent fromRite ddoshows idrsaliemated o7 i tf PRACEHFIN IR 1(a) and
Fig. 1(b), a description will be given of a dynam c pressure grooves 2
formed ORTFESEUFPaBECPYSBf a thrust plate 1 of a dynanmic pressure-type
thrust bearing unit, which is constructed simlarly to Fig. 10, by way of
exanple. 9 On one surface la of the disk-like thrust plate 1 made of

stainIessB§%§§%og%2§8$IHggkg&épgguy-§ngp§gvggéﬁgﬂgbone dynam c pressure

grooves 2 range ng the  circunférential direction of the

thrust plate 1 and aeaant enfdbdiMfedid Y Trle WHRAY 1ab e8! o112 ©
formed. The groove
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 1)

Figs. 1 through Figs. 5 show Embodiment 1 of the present
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. l(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.



angl e of groove portions 12 (the angle at which a V-letter is open) is O

t hrough 200, the groove width is 0.1 through 0.5nm the groove depth is 3
t hrough 18m and the nunber of grooves is 8 through 24. The dynam c
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

countercl ockwi se direction and lined up so that a |line connecting these
front ends becones circular, in an overlapping nmanner in the

circunferenti alOrioreztswrfaden laaddi tthen distke 1gkeotbrpsitt pdasel2 madet he
non-groove portions 13 have under%one as shown in Fig. 1(b), Fig. 2(a),
and Fig. of(braipless @bterlmgtheth urp&@tﬁrﬁfmﬁeﬁbbyedhbeﬁﬁdﬂﬁbgﬂethe
groove portions 12 to the non-groove portions 13 becones_ approximately 1:1
al ong t hedunawi€ci pressuser gKgenent 20vhipl axej é€§ﬁﬂge§n§ﬂn‘789p?—b§sure
grooves 2 [the direction of arrow Al. For exanple, Fig. shoms sections
al ong I|n%lfQmeFQFntF?ﬁedEQFCFH?H %ﬁdﬁ@?h%h{%ﬁt [yt hﬁﬁ? 2%%5 eRfker ei n
the wdths t1 through.t3 o ortions 1 ths Si1
hrough SERdi H@tﬁgncgrswgessﬁ?eﬁsdv%epca%on FEspEetie ry,f’ﬁ? I
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approxi migl§ thfough 24.
The dynamic pressure grooves 2 are arranded, 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 portions 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 t1 through t3 of the groove portions 12 to the widths

S1 through S3 of the non-groove portions 13 are, respectively,

formed so as to become approximately 1l: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



sanme depth. Accordingly, even with the thrust plate 1 nade of a hard

hretal lic surface such as stainless steel, the accurate dynam c pressure
grooves 2 can be easily fornmed by press working. Therefore, the thrust
plate 1 excellent in corrosion resistance, resistance to chemi cal change,
and abrasion resistance can be obtained, thus a | owcost and highly
accurate thrust bearing unit can be realized. However, on the disk-1ike
thrust plate 1 as described above, the material flows toward the outer
circunf erebdths tHitkoougn thieof d‘-fpﬁr GROONS Ipoxd.ionsedaf @Oethaeweﬂdhﬁg on
the conposition of the material for form ng the thrust plate 1, in sone
cases, a Shdgwousd 83t9f thennparIpeeVedPENEINS 18p wlich agw adjaaens in
Fig. 3 is forned and flatness of the thrust plate 1 slightly deteriorates.
In such ategach a§h§ﬁomqqm¢ﬁ@pr@xmet§éafel eth &he materdal and

nf f tool 3 f Ki tt
For mo S0t (PRASTHG SBFQFRRCAPRNRPeRtsr VERESRYnbhe cpPeee NEBLPooiLs o
b t th ' ' f th late 1,
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shape 3a mhgrg %?ﬁ central portion swells up, and during pressing, the 11
material FOIcfOF g the thrust plate 1 is actively pushed out to the

outer cf r ount eenldali AN, Qehoh1PhaMé iR PRRLAM nddbide benhtat ness

of the thrust élate be inproved in case where

det eri or af b0 1 {ic fd ALIRSS suBRCHS Sl BEdal , Ptpd %c%u%%et &ynamic
conposi ti onal unevenness
pressure grooves 2 can be easily formed by press working.
Therefore, the thrust plate 1 excellent in corrosionresistance,
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 thrust plate 1 as described
above, the material flows toward the outer circumferential
direction due to press working. Therefore, depending on the
composition of the material for forming the thrust plate 1, in
some cases, a shape where the central portion swells up as arrow
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 circumference 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

11



of the material constructing the thrust plate 1 and differences in the
accuracy of tools, by applying a flattening press after the above
pressing, a dynam c pressure-type thrust bearing unit having still higher
accuracy can be realized. As a flattening press, a flat surface-pushing
press wherein the thrust plate 1 is sandw ched between a flat surface
punch 4 and a flat surface die 4a as shown in Fig. 5(a), a waffle-die
press wherein the thrust plate 1 is sandwi ched between a waffl e-die punch
5 havi ng matkeraad poyjfening ther bhrdet mldteeistdet poalnipushsad bate
thereof and a waffle die 5a as shown in Fig. 5(b), a reverse flat

sur f ace- stpi Khapyker s irmmaierential: ppusiopl tee plast ishdefocmetibatween a
reverse flat surface punch 6 and a reverse flat surface die 6a which are
fini shed EBupethpaflatippgeecoshhbesthevetsplaset hecanrbe dMpEOVREr k- pi ece as
shown in Fig. 5 (;{ and, the |ike can be used. O , these, a single press may
be used or a plit A94¥E AN prids S £388 Whes e degerdoggtidrRadnoflaERCEEdi ti on,
in the above descriptio a case where th dynam ¢ pressure grooves 2 are
formed oroBRBES; 6B Fhe cRiriet (RIAT | Sluf Go1 HABOSASTodete PIELENBoRay of

craml o, BE ety a0 LR N KRR 10 O 30R] LEbRRIRE°, 10T

the dynani'C Ssu

Goser  DagtR O LRGP D e D60 E8T by ReBTuNG R cPLEL AN RS pHR abRBr DeeT

descri bed mpl & as fh ormng rust plate

w1 B PERRAL A s b s T AL YLy ufSLer o
having still higher accuracy can be realized.

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 stellate projections
provided all over the punching surface thereof and a waffle die
5a as shown in Fig. 5(b), a reverse flat surface-striking press
wherein the thrust plate 1 is sandwiched between a reverse flat
surface punch 6 and a reverse flat surface die 6a which are
finished to be flat surface shapes reverse to the curve of a
work-piece as shown in Fig. 5(c) and the like can be used. Of
these, a single press may be used or a plurality of presses may
be used in combination.

In addition, in the above description, a case where the
dynamic pressure grooves 2 are formed on one side la of the thrust
plate 1 has been described by way of example, however, the

present invention can also be applied to cases where the dynamic

pressure grooves 2 are formed on one side of the thrust flange
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har dness may be used. As such a material, for exanple, iron, steel,
phosphor bronze and the |Iike can be used. In addition, in the above
description, a case where the groove portion 12 of the dynam c pressure
grooves 2 is a concave portion and the non-groove portion is a convex
portion has been described by way of exanple, however, the present
Invention is not |imted hereto and the groove portion 12 may be a convex
portion and the non-groove portion 13 nay be a concave portion.

(Enbodi nehtaRd éngkoth shofscésbbbenenf.2 of the present invention. In
Enbodi nent 2, the dynanic pressure grooves 2 are formed on the thrust

fl ange 7 havi ndrh@dss tiom amd aisnd essr sE€edn hase begandegrrpbedi bY VAEr eof ,
which is a different aspect, however other aspects of the construction are
the same @ ?ﬁé@@léfa§hgheaﬂétérEﬂ%oé?ﬁeﬁ?r@%ngstgﬁoﬁhrPﬁtFPé?tG(é), on the
central portion of the disk-Iike thrust_flange 7"th8 tep-1 ess straight
hol e 14a heyeveryi hhet RESFPBhRt LBKANELCR LRaRPTpbiRibA 1§ngtPorﬁB§,aand on

th t ' ti ' f. the hol f

t B?US?EEL raﬁéé%?i ﬁiv“%ig?&#@%%%?gﬁA@togfaas%aﬁhé“@ I SFEns 51 BSneff the
above ' t 1 ) ddj ti in Fig. , d hol

140 Tor rRardEehs ik he Hdnqng: S0Rh S Mhoe it Oiseh Phppble  hERRTS "'
o] ' h hg . d siml h
above. ¢ heteSEa FRoEBhoB bEbRRS hnlEnb T TRE CafNEE daedll, T IAM (O TR
ci rcunf erenti aly pigdien of, iRethel Snddd @sdPEpELbk A chde Aherdchhei n the

case where the dynam c pressure grooves
groove portion 12 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 portion.

(Embodiment 2)

Figs. 6 shows Embodiment 2 of the present invention.

In Embodiment 2, the dynamic pressure grooves 2 are formed
on the thrust flange 7 having holes 14a and 14b formed on the
central portion thereof, which is a different aspect, however
other aspects of the construction are the same 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 l4a 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
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2 are fornmed on the thrust flange 7 having the straight hole 14a or the

st epped hole 14b forned, since the material for fornming the thrust flange
7 flows, due to press morking, toward not onl'y the outer circunferenti al
si de but also the inner circunferential side, fluidity is still enhanced
and accurate dynam c pressure grooves can be easily realized. Furthernore,
the fluidity on the inner circunferential side of the material is slightly
inferior to the fluidity on the outer circunferential side, and if the

di f f er encehénfréntiehid o hadmmshafitepprtionsbheby s esirew disngssmetl bhe
thrust flange 7 is decreased. In such cases, by processing the front end
portion otherentgal pypntisin 8fi hhe @mﬁé&a@mé 3andiminidrar te the above
and actively pushing out the material to the outer circunferential side,
the flatn@ReVeartiR d¥RABIRPTeSEIHO JERENES3? ﬁ@sfomqmmughemggerg show
Enbodi ment , 3 of the present invention. In_Enbodinment 3, the dynamc
pressur e giEoyREeen €éa;oPﬁﬁHlOBnOSOFhesG?iﬁcééb7afaﬁhe7ﬁu§¥a?ﬁe7?hrust

flange 7, whic s a, different as wever, Qqther ects of the
cons?r uction g‘lse spfb . séﬁetég ?ﬂ%%g”e}b?r‘? ﬁg‘ea%@@“‘llé’sﬁéﬁﬁggee%ﬁﬁ}’ﬁ%nts I'n

of the i nf (AT oroed W 17 W ki, g PV and FhPep 53158‘3550'?1%?’? e
grooves. B1g 4DeSfe L LBLaoKEDe fy ggg&{ea " OLREd 16L AlecpHLpOFe O

generating a amoun Rafi ¢ pressufe grﬁove to

be fornedeomihg t?féjﬁhrﬁéttf'faﬁzf;]@f7t £96HY, Jd]ué’i:otﬁ&eeégm:l. NANg6wirdr ©

referred to as
not only the outer circumferential side but also the inner

circumferential side, fluidity is still enhanced and accurate
dynamic pressure grooves can be easily realized.

Furthermore, the fluidity on the inner circumferential
side of the material is slightly inferior to the fluidity on
the outer circumferential side, and if the difference in
fluidity becomes great, in some cases, flatness of the thrust
flange 7 is 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 actively pushing out the material to the outer
circumferential side, the flatness can be improved.

(Embodiment 3)

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

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

In general, dynamic pressure grooves 2 to be formed on
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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
direction which occurs particularly in a case’ where an excessively
floating-up condition occurs under |low tenperatures and the |ike. For
exanple, as shown in Fig. 7 (a), if sub-grooves 2b are forned on the surf
ace 7a on the shaft body 11 side of the thrust flange 7 and nai n grooves
2a are formed on the surface 7b on the thrust plate 1 side, it becones
unnecessatlye opposed gynfaces qff tbewrhrugtopdeseoh andethe ddwrusit fhangar ust
plate 1 and the sleeve 10, therefore, a reduction in cost can be realized.
I n addi tibrareyefedined tiveaseBpdBt gyeoyes t calf hgses Mgin gKeoNBFnagRooves
2a and the sub-%rooves 25 simlar to those of the above respective

Ie:trjrtr)?gia?erromrl%e?tlia? Ql:fgff %Eﬁgﬁ%ﬁ?ﬁnﬁftganeousl gzagéﬁ:gé to t-housm;;c aces
o e g e Sl AR i

por 1 ons & 1 % il F&é’f e&*begf@i,rugﬁd??ﬂegen&#eg?foeé‘ﬁegsreﬁ;%nas_t ne
et ormat | S TAeSh TR et frieee S8B R Bberrn £ ST Bl SRelbnb ot e i 1

grooves Z@f3{3%&4}&ilrfgel%gm%%058§w§§gta¢:(}aoﬁt§%im%i BBy Odnd A s019aVEoRpr L1 ONS

13 becone ppr oxi ma the sane “heigl etween the inne
circunferpgntigs ShigseNdiPeéeiok! FKLEhCHEBELS! %éi:@'fcui£‘§1§'hih'5£ csange 7

havi ng nore accurate dynam c pressure grooves formed can be realized.
where an excessively floating-up condition occurs under low
temperatures and the like.

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

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

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

where restoration of plastic deformation has become still less.

Therefore, the groove depth of the main grooves 2a and the
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Al so, 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
mai n grooves 2a and the tool for formng the 'sub-grooves 2b interfere with
each other, thereby easily influencing the depth of the grooves,
therefore, it is preferable to carry out a press so that the main grooves
2a becone phased with the sub-grooves 2b. For exanple, as shown in Fig. 8
(a), in a case where a tool 8a forns the nain grooves 2a and the tool 8b
forns t hesabbgrgowesezb 2ind ithephesghtvr k inog ~igx opwef porntioss thhecameonvex
portion 15a of the tool 8a fits a convex portion 15b of the tool 8b and a
concave peppronimésedly the savle 8epthi andahedgbdvbepweenotheldbnel t he t ool
8b, interference between tools is reduced, fluidity of the material can be
made uni f LFFuRfereotindryide andpuigmedrayniarenpies sude gl klsusin be
obt ai ned. Al'so, as shown in Fig. 8 (b) | by perform ng press workin SO
that a cofiv8RIBot hAFANOSROBE adralnad® dBRaAMLFiRr SR ¥eON6Ft3 dRTMEEL of
the tool 8b apd a concave portion 16a of the tool 8a fits a convex portion
15b of th€aRoBP BBaldZRArar effects can be obtained as well. Herein, in

the above descrjption, the thrust, f| having . the straight hole 14
for med t her on MRS Hah T8 ERPBOHCHBBYETS A KL Hu THIAPGEOHERY, o

T o 506 LEULE0 0L w558, L iR AR Dl oagaBR M

Camar | BECERUSoBLOMES TSN DRSO Al el s
forming the sub-grooves 2b interfere with each other, thereby
easily influencing the depth 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
8a forms the main grooves 2a and the tool 8b forms the sub-
grooves 2b, if press working is performed so that a convex
portion 15a of the tool 8a fits a convex portion 15b of the tool
8b and a concave portion 16a of the tool 8a fits a concave portion
16b of the tool 8b, interference between tools is reduced,
fluidity of the material can be made uniform, and furthermore,
accurate dynamic pressure grooves can be obtained.

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

Herein, in the above description, the thrust flange having

the straight hole 14a formed thereon has been described, however,
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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 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
tenperature and pushes oil outside the bearing, thereby causing an oi

| eak. Si aseshbtni $nf Fliged7i(k)the spmidapr ddacrdpbébneeppilhesf tonthend of
the screw and screw hole bottomportion, it is necessary to formoil paths
on the oppbsedts@inageshevingethlr eseppednhele lahdfowmedhthersedy 11.
Accordingly, in the thrust flange 7 constructed as shown in Fig. 7(b), as
shown in Figs. Xlsn ash&howseii Hitd s t(floe iNop case wWhere theddynamifound

t he stepped hole 14b, oil paths (concave portions 17) are formed by

provi di ngPEEESUBEt AEEAVEAN IﬁﬁvepP§§§|ﬁ@rﬁﬁﬁtPBn?Othﬂuﬁﬁéﬁeﬁnogrﬁgﬁ to

;?Erﬁéfni'a :sﬁgsf@%asnheéaﬁam ag THE Sympac harS @3%#8235@ b BORER 1 of mec
t h

Funct i on EBSTOIHT R 93. £33 ﬁ;-xefiﬁoay aoheRk oo lf oS beon ¢
Sur f ace whbnt TRENSRETHA DA O, e PRt %f"?‘f 33*%3%3‘2‘?% rer el y

appl yi ng 86325 Torklng on the convex portions 9 and t he concave portions
17 cannot |iz& accurate

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

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

a function to form the oil paths, and convex portions 9 to be
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press working as nentioned above, and accurate flatness which 1is necessary
as the contact surface of the shaft body 11 cannot be obtained. Therefore,
in this enbodinment, as shown in Fig. 9(a) through Fig. 9 (d) , it is
necessary to inprove the flatness by applying press working simlar to
that of the dynam c pressure grooves 2 in the above (Enbodi nent 1).
Concretely, as shown in Fig. 9(a) and Fig. 9(b), the convex portions 9 and
t he concave portions 17, which are formed on the outer circunferential
portion oforhedheon aheapurfacerzaioal the thnusigptiabe lesédeiarentdldzeNanel vy,

t he roughly rectangul ar convex portions which beconme thicker the closer to
t he out er @ascPr E@ptacensuripcer wheal theashadgehpody dledsi anseried. These
convex portions 9 are arranged at an angle of 450,, and in Fig. 9 (b) , at
an angl e éPregs-fik&edidth of the convex portions 9 to the concave
portions 17 along the circunferentjal direction is approximately 1:1. By

carrying out a JWeeRy t(REERh 3PP HAIRERress HHRENDHOR Heh9 LMNFHRg

5(c) and PPEE18nE)? dnck Ehk oA e MO dfdcaReot RS GRERgALeLT or e
Tab. 15 ahEePRerEERDRE e M3 Abers 4 i A TR Yt U7 e
carried ouf BRTRPERLy ReEPhe Al fof e dhe P Une sliartloay A PESRRCTNS 00

the wi dthph ghtghgeqoncave portions 17 along the radius direction [a-P]
becones approximately 1:1

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

Concretely, as shown in Fig. 9(a) and Fig. 9(b), the convex
portions 9 and the concave portions 17, which are formed on the
outer circumferential portion of the hole 14b, are radially
arranged at even intervals. Namely, the roughly rectangular
convex portions which become thicker the closer to the outer
circumference are radially arranged at even intervals. These
convex portions 9 are arranged at an angle of 45°, and in Fig.
9(b), at an angle of 30°. The width of the convex portions 9
to the concave portions 17 along the circumferential direction
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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By formng the convex portions 9 and the concave portions 17 wth such a
patteérn, simlar effects to the above can be obtained as well. By

enpl oyi ng such a construction, in a case where the shaft body 11 is
attached by a nethod such.as screwing, press fit, adhesion, deposition or
the like, inclination accuracy can be inproved and also oil |eaks can be
reduced, therefore, a further highly accurate dynam c' pressure-type
thrust bearing unit can be obtained. As has been descri bed above,
accor di ngand the genwed portimmsuPaofufFiigg & (dynamee¢ peepeakéveyye t hrust
bearing unit of the invention, by carrying out a press with a pattern
wher eby dhwidedtat &0, hangdridoe equored pestionsh off diilg-of (dhe abriXgroove
portions in the direction of arrangenent of the adjacent dynamc

pressur e- BePERSS | TS 1RV Camfd@shey tapptbxa npd errn wherghsh thg wadthe
thrust plate or the thrust flange nmade of, hard netal having hardness of
180 t hr ougiP BEDHE SPRERFPOST IPNELR LS RAR RN b o EhPRIPBHARPE L LIONS

_ ti be, il db . Ki th
Bynantcof i e R Lo GRPERER SRl Ry e 0
| A u | zed.
thod T oY SBERARe haScaRaEE W el itht s N rhe FRncaS phtrtonsitr *
which d ] - ks f
o o) DRILE R Weoe GTE Rhi My Aeduety B0 3ne AITE AR 16 obfaThell

thrust flgpggehpging provided on a front end portion of a shaft body, and
the thrust plate being

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 oil leaks can be reduced, therefore, a further
highly accurate dynamic pressure-type thrust bearing unit can
be obtained.

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

has accuracy can be easily realized.
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provi ded, 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 dynam c 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 arrangenent of the adjacent dynam c pressure-generating
grooves. 2. A nethod for nmanufacturing a dynam c pressure-type thrust
bearing unit as set forth in CaimIlCLar$ein a netal for formng the
groove-cutting surface for formng thereon the dynam c pressure-generating
grooves i 4.causkthetbodf fammanafas tagringad dyaanmicrpxessuse etypetbrust
peripheral portion of the surface, and pressed so that an outside dianeter
of the pbea@ﬂngb@nbhesna@pxﬁxdmaamuy phessune-genenating graoves are
groove-cutting surface for form ng thereon the nam c pressure-generating
grooves. ZOrmede®Rcf fl&a%ﬁnﬁa%ﬂnf@ﬁg Qf dﬁ@rmeélyﬁlﬂ@ﬁggé % e thrugst
bearing unit as set forth in Claim1, wherein 20 dyna

pressur e- §éﬁéﬂ§t ARG 431*%’6\?@§ Eiétﬁv e%%%c?hrd’%nfléﬂﬂérbﬁéﬁag rBfé’r‘hlldeﬁoPpl on of

G oove: SuPt PR eE?ﬁ;FgE’f BrEaPR e ?%%n@_f?hﬁs L Bl BT G A Be38fer at i ng
eari ng uRFPO4EEs L o plPRled Beldr 0 ﬁé*‘aﬁrﬁggsﬁgn RS 48R ng

grooves ape §i PYLLRIRGUBLYyY EB‘E%%%@lS/OsB?JpBr%‘éﬁf Bﬁe%h%f shagct Byt lange.

wherein

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

of the adjacent dynamic pressure-generating grooves.

2. A method for manufacturing a dynamic pressure-type thrust
bearing unit as set forth in Claim 1, wherein

ametal 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 surface, and pressed so that an outside diameter of the
pattern becomes approximately the same as that of the
groove-cutting surface for forming thereon the dynamic

pressure-generating grooves.

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

bearing unit as set forth in Claim 1, wherein
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5. A nmethod for manufacturing a dynam c pressure-type thrust bearing unit
as set forth in Claima4, wherein phases of the dynam c pressure-generating
grooves to be fornmed on one surface and the dynam c pressure-generating
grooves to be fornmed on the other surface are adjusted to correspond to
each other at the tine of pressing. 6. A nethod for manufacturing a dynam c
pressure-type thrust bearing unit as set forth in claiml1l, wherein a shaft
body-receiving surface of the thrust flange is pressed with a pattern

whi ch forns conahyeannioe tp s wre- gamemat ipprdranes adiealpnessed to an
concentrically arranged, and produces the wdth ratio of approximately 1:1
bet ween t beteonpevépperailopsrt bonl aha ssmadghgoholensr a edregped boilepr ove
fl atness of the shaft body-receiving surface. 7. A nethod for

manuf act ufonged tytde ceptras partigreofrhesgreeveegnitidngrsurtacedorfort h
in Cdaiml, wherein after the dynam c pressure-generating grooves have been
formed, tHermandsthergnge tbe dyaamicyPreFEILre-gengrotddde JraPveEs -
flat-pressing. 8. A dynam c pressure-type thrust bearing unit in which
dynam c pressure-generating grooves are forned on at |east one surface of

opposed surfaces of .a thrust flange and a thrust plate t he thrust flange
bggong pr odirded %H‘e?ihf’fioﬁ?r@‘ﬁé‘uﬁé‘ PSH‘“(?faéiynéﬂldﬁ&b%%?‘?r%ﬁﬁyﬁﬁég’lrﬁﬁﬁst °

Gl o of aBPaEAtEngRibas® PRFaRRREY dipGoPil ton PPRBSERal i body. wher oi n the
dynami ¢ pressug; 4eNenitd 4 QQWGsS A fnd YrBrbds a¥'eP8YnG12 afedlB15Al 1 O

pressed to both surfaces of the thrust flange.

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

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

correspond to each other at the time of pressing.

6. A method for manufacturing a dynamic pressure-type thrust
bearing unit as set forth in Claim 1, wherein

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

shaft body-receiving surface.

7. A method for manufacturing a dynamic pressure-type thrust
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of approximately 1:1 between groove portions and non-groove portions.in a
direction of arrangenent of the adjacent dynanic .pressure-generating
grooves. 9. A nethod for nmanufacturing a dynam c pressure-type thrust
bearing unit as set forth:in any of daim1 through Claim7, wherein the
groove-cutting surface for formng thereon the dynam c pressure-generating
grooves, which is subjected to pressing, has a hardness of 180 through 340
as expressed in Vickers hardness. 22

bearing unit as set forth in Claim 1, wherein

after the dynamic pressure-generating grooves have been
formed, the thrust flange or the thrust plate is processed with

flat-pressihg.

8. A dynamic pressure-type thrust bearing unit in which

dynamic pressure-generating grooves are formed.on.gt least one
surface of opposed surfaces of a thrust flange and a thrust plate,
the thrust flange being provided on a front end portion of a
shaft body, and the thrust plate being provided, in an opposed
relation to the thrust flange, at a side of a rotating body
rotatably supported on the shaft body, wherein 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.

9. 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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