11 COctober 2005 - 1 PRESS DIE AND MOLDI NG PROCESS OF DI SK W TH SHAFT
SHAPED PORTI ON BACKGROUND OF THE | NVENTI ON FI ELD OF THE | NVENTI ON 5 The
present invention relates generally to a press die and 1@ b POIGESS
of a disk with shaft shaped portion for press nolding a glass substrate of
a disk forned from a disk nenber having 1a-shaft shaped portion at a
center, such as an optical disk, a magnetic disk and so forth. 10
DESCRI PTI ON OF THE RELATED ART In the recent years, demand for higher
performance of a #RESIYDIE ANDI MOLRENEGr PROCESHOIGF dBYSEeWIRH h as

down- si zi ng, higher capacity and so on, has beeqﬁgromﬁng significantly
with the spread of conputers. SERFT SHABERSPHRILQMi s, | owering of

floati ng height of a nagnetic head has been aggressively studied to
require quite high precisEMEKGROUNAt 0essTHE INeEN@GgORli c di sk.
Conventionally, as a material of substrate for a magnetic disk, alum num

alloy is mainly enployed. Howevetr,p % THrCaggr@fr @ num al | oy substrate,
a polished surface may cause plastic deformati on even when high precision

polishing is prow Lgh .preci.sion rasi ve formn and pol i shi ng
devi ce due to Io&#ﬁ%ﬂﬁﬁ%@%ﬁgTﬁg?gﬁkiégni?%qaiﬁﬁfq?%%nglﬁbﬁﬁ%t%iﬁrfﬁé f1at
surface on tdie: ahuin RYNE @iroye & sk mb tdy siatii¢fashar! é’hQ%,%'&i POLEBHON.
Al so, even when a nickel -phosphorous plating | ayer having hi gher ar dness
is formed ofathersss aceldinghe glbstr aubstitats oftd |di st fpomsdbifeoto
satisfy the demand for. high 11 October 2005

a disk member having a shaft shaped portion at a center,

such as an optical disk, a magnetic disk and so forth.
10 DESCRIPTION OF THE RELATED ART

In the recent years, demand for higher performance
of a disk drive unit as external memory device, such as
down-sizing, higher capacity and so on, has been growing
sighificantly with the spread of computers. Associating

15 with this, lowering of floating height of a magnetic head
has been aggressively studied to require quite high
precision for flatness of the magnetic disk.

Conventionally, as a material of substrate for a
magneticdisk, aluminumalloyismainlyemployed. However,

20 in case of aluminum alloy substrate, a polished surface
may cause plastic deformation even when high precision
polishing is provided by high precision abrasive forming
and polishing device due to low hardness. Therefore, it
is difficulty to obtain the flat surface on the aluminum

25 alloydiskwith satisfactorily high precision. Also, even
when a nickel-phosphorous plating layer having higher
hardness is formed on the surface of the substrate, it is

still not possible to satisfy the demand for high



- - 2 precision. On the other hand, novenent for down-sizing requires

t hi nni‘ng-of- a di sk thickness. The alum num alloy subs ! W
strengt hii's. difficult. to satisfy the 5 denand in thisi%?%§5§$%%.£bé§
Enpl oynent of gi ant nmagnet oresi stive head having high sensitivity in the
recent years, requires reduction of ngise of the magnetic disk. For this
reason, the substrate is required to 5dapt for noise reduction process by
heat 10 treatnent after formation of nmagnetic film However, even in this
vi ewpoi ntpretikasheen difficult for alumnumalloy to satisfy the denmand.
For solving the foregoing problens, as the substrate for the magnetic
di sk, new nat @natize clibbraBaglasmevemertt dmammen - sazhoy aedusiacean have
been proposed. Anong these new naterials, glass substrates have been widely
studied SRANRIPY Q% e%d?lﬁl‘eﬁfﬁtﬁkﬁlﬁﬁﬁ-pr'gbﬁi @duntireug| addo¥substrates has

hi gh stre Melg f | St ance Lgh urface _hardness sufficient for
sati sfyi ng‘%g%’%&% gg%ﬁiingi%%v ﬁaig:‘?’g?gh ?’?a‘??‘l%&"cﬂ;" rté)ciséa.:]p?ﬁ[Y gﬁ}‘:hg
process. aé&aamantimonaldy. vibegass, substrate for the nmagnetic .disk has
been produced by polishing nethod to effect precise polishing for each

i ndi vi dual gl damplapsiendt ofi giane hagnaeokas st Dreabdad Hagidd aigur f ace
after cutting_ 25 into a predeterm ned size. However, high precision is
requi red $EREREINSIGB HMgtBRpodeEBRdYRarSe maeires nedaretontefs are

{he mmondt Lok e BRRBRTAC Al il i enanre t P UBETARR pr ass
mol di ng W & Nr&Qli /L RI4PE for noise reduction process by heat
, 10 treatment after formation of magnetic film. However, even
in this viewpoint, it has been difficult for aluminum alloy
to satisfy the demand.
For solving the foregoing problems, as the substrate
-*for the magnetic disk, new materials, such as glasse.s,
i5 ceramics, carbon and so on have been proposed. Among these
new materials, glass substrates have been widely studied
and have already been put into practice. The glass
substrates has high stfength, high heat resistance, high
surface hardness sufficient for satisfying demand for high
%:j 20 precision flatness by precise polishing process.
Conventionally, the glass substrate for the magnetic
.disk has been produced by polishing method to effect
precise polishing for each individuél glass substrate in
one by one basis for obtaining flat surface after cutting
25 into a predetermined size. However, high precision is
required in the polishing process and large number of
process steps are required.
Therefore, as new fabrication process of the glass
substrate for the magnetic disk, isothérmal press molding

30 process for perform press molding with equal temperature



11 Cctober 2005 - 3 of die and glass material has been consi dered. Various

studi es have been nmade for the isothermal press noldin | he
field of optical glass elenent fabrication . As a resg+t§%§$é§fs%g%%rnal
press nol ding processes have 5 already been put into practice as
fabrication processes capable of fabrication of the glass substrates with
high quality and high productivity. "The press die to be used for press

nol ding has to be a special die which does not cause deterioration even by

~0 repeat g¢ giledi 4193 0§1952S fucte 91 hsggﬁ%érmgﬂﬁeid@ﬂh Pr 855 Sus

Therefore, various studies have been ma e press dies. As a matrix
of press ditedies ti®#se bekd ngddafsr nEhal isdtgsmhan g@@@sﬂﬁolﬁﬁﬁget,
zirconium silicon carbide and 15 other cerami cs may be used. On -the
ot her hanBrocesslii® tbet Edewdt of optbecadt gkask &hemanhgabiglcaipion .
rel easi ng abilit¥, oxidation resistance, reaction resistance has been

!I

devel oped®foff HFE ST AEDFERAL PHRF $ QLA PO PITOCERARS I BAVES gl ass
| d.y . F - . N i i d-
oo 25 B eERSE ke LAY BirgdPRUBP R AN AR RO Ha AL ERObe

No. 2-137914 i3] pro

nobl e netehpabliey dihifubiisaehod o4 ikdee gisHasdnirtAtesT R StRIRE§RS has
been actively studied as fabrication process of the glass substrate for

t he magnetitelilyy din®t badghegpmntliapivatyovenent of recent high density
recording. On the other hand, recent demand for |arge recording capacity

for the disk ofg BFSRSIFAR thhile tsrA reRr PpERSsprediding ks pkechsion in

rotation of5f08:d1S!ie which does not cause deterioration even by
{;j 10 repeated molding of glass at high temperature and high-
pressure. Therefore, various studies have been made for
the press dies.
As a matrix of 'press die for press molding, hard metal
‘{tungsten carbide), cermet, zirconium, silicon carbide and
i5 other ceramics may be used. On the other hand, the die
‘coated with a protective film having high mold releasing
ability, oxidation resistance, reaction resistance has
been developed for protection of the matrix and prevention
of adhesion of glass upon mold release. |
{;) 20 For example, Japanese. Patent Application Laid-open
No. 2-137914 (1990) proposes a die for molding a disk
provided with a noble metal alloy thin £ilm 6n a surface
of hard metal. This process has been actively studied as
fabrication process of the glass substrate for the magnetic
25 disk corresponding to movement of recent high density
recording. |
On the other hand, recent demand for large recording
capacity for the disk of a disk drive unit requires high
precision of precision in rotation of the disk.

30 However, in the disk drive unit mounting annular disks



_ 30 However, in the disk drive unit nounting annul ar disks 11 October 2005 -
4 - on a rotary base rotatingly driven by a disk driVelfQ5§ﬁogéEtéﬁb5
conventional construction, surface run-out of respective ange portion
and disk of the rotary base and axis run-out relative to rotation center
appear in 5 collective manner. It is quite difficult to restrict dynamc
surface run-out and axis run-out on tht disk in rotation. It would require
substantially high cost for producing the disk drive unit for restricting
surface HNaoubtad dde O UinglQ Qrilienobhes Jaad gl Jhadagent
years, demand for nobile application, such as personal conputer, 1s
growing 1io phenwiendenthenaledunisbpueltisirze sadrbbeckigssowt bhe disk
drive unit. However, the conventional construction cannot satisfy the
demand se¥efpeatlat el ange Ipoxhilionc anduddisknod, thiee rohearit drassdaved nade

ext ensi ve stud¥: for reali ii nﬁ_rre uction of thickness of the disk drive,
real i zi nd® R GhTPFEAET ohelBhiVs gt n (CRRBET FRPEHEF sifun- out,
reali zin ' I L ng nsi . ' r al: s .f 1 ng .t ' nd t he
r ot arf/j sﬁ%(?%ggf t?hq%‘r %%%’ng'dr%ée l%t%l?%ggngltf#uls&%%vgai %§S$12 af t

i nt egr at ellynbpe FdstadeSkupubuit aiedt Bk0e0h-uh Hh@sSoAPLHRNG iR10CAsS.  For
exanpl e, a structure of die for press nolding of a glass substrate of the

di sk constetatadrf.r odta vihekd neatiari rehavibgtandtislitlwshapgd posti dflomt . t he
center porti(gn Qf the}ﬁZ{g_oRtica_l di sk, magnetic di sk and so on has been

i 11 ust r atRECPHCRNGS T hgkodring wRAKprOr AeStriftingSUREREENg
process ixsuzizuﬁﬂ%t reﬁf(fgaifs':.kgﬁ'—o 4tto 26. In the first conventi onal

‘exanpl e, as shown i n Figs. i

’ 10 On the other hand, in the recent years, demand for

mobilie application, such as personal computer, is growing -
to promote further reduction of size and thickness of the
disk drive unit. However, the conventional construction
-cannot satisfy the demand set forth above.

15 ‘ In this circﬁmstance, the inventors have made
extensive study for realizing reduction of thickness of
the disk drive, realizing high precision control of surface
run-out and axis run-out, realizing high recording density
by integrally forming the disk and the rotary shaft of the

) 20 disk drive motor, and thus providing a shaft integrated
type glass disk substrate through a glass molding process.

For example, a structure of die for press molding of

a glass substrate of the disk constructed £from a disk member

having a shaft shaped portion at the center portion of the

25 optical disk, magnetic disk and so on has been illustrated
in Figs. 22 and 23, for example. Also, the press molding
process is illustrated in Figs. 24 to 26.

In the first conventional example, as shown in Figs.
22 and 25, the die for performing press molding is

30 constructed with an upper die 114 for press molding an upper



22 and 25, the die for performng press nolding is 30 constructed with an

upper die 114 for press nolding an upper 11 Cctober 2 - r{@ge of a
di sk nmenber 125, and a |ower die 116 preforned with apfs)%ﬁa?%}rjn% ng hol e

portion 116a of the shape <corresponding to a shaft shaped portion 124 for
press nolding the shape of the shaft shaped portion 124. The 5 die is used
in conbination with a height restricti®n-plate 115 for restricting

t hi ckness of the disk nmenber 125 when the die is pressed. The shaft

o T od hol RO bTa doak renBal, 1950%0na% A JOLOANL 10l pilled g v ced

as recesse hol'e. 10 I'n the practical’ press no operation, ‘as Shown

in Figs. @3thoa2Ghaffi FokmitR} giddb %%%ti&ﬂ@hlﬁéagbisﬂ:hé sspapeed between
t he upper die 114 and the lower die 116. Then, positioning of the upper
die 114, aadrelspdoengdie alhattadhagtesll hyrteans 164 ther peeglst

restri ctiong_ﬁl ate 35 115. The height restriction_plate 115 al so serves as

gui de- f drROLHdNghJdie FRhares ofhdhpeshand: hapadeporkd Appe?4 - diBhe14 and
t he | Querydj e: ] .bhet tage 11 nd 118 whi are
contrgl I e%géanl%é?n%%é?[%?é%fﬂgg g’r%s%ﬁbgaﬁ%légﬁ: r%ﬁirsltca n ﬁ%‘ﬁd 118
are heat eﬂlbyféberagtmateﬂrﬁ%k%émﬁe%%oofforth%eatils'wutéﬁﬁ)éhpnﬁzs Qiferd 14 and
the lower die 116 to heat the nitric material 122 up to a tenperature
(near gl asbesdfitenisnpriesspad at UFiee Shaf tpddmmimacghgl aspondlidimdl 1 ddext ,
deformation. is caused in the nitric material 25 122 due to application of

pressur e by P HIyMgd pg @ ténaugh e ek dduprovigie@dafedeaqanseddi sk
menber 1%%ole. _ -

i;) 10 | In the practical press molding operation, as shown
in Figs. 23 to 26, a nitric material 122, such as glass
is placed between the upper die 114 and the lower die 116.
Then, positioning of the upper die 114-and the lower die
116 is adjusted by means of the height restriction plate
15 . 115. The height restriction plate 115 also serves as guide-
for the upper die 114 and the lower die 116. The upper
die 114 and the lower die 116 are sandwiched between stages
117 and 118 which are controlled in temperature by heaters
119 and 120. The stages 117 and 118 are heated by the
;l) 20 heaters 119 and 120 for heating the upper die 114 and the
lower die 116 to heat the nitric material 122 up to a
temperature (near glass softening temperature) for
performing glass molding. |
Next, deformation is caused in the nitric material
25 122 due to application of pressure by a press 121 to form
a molded product 123 formed from a disk member 125
illustrated in Figs. 24 to 26.
However, the tip end of the shaft shaped portion 124
of the molded product 123 formed by the die structure set

30 forth above cannot be forms into the shape accurately



illustrated in Figs. 24 to 26. However, the tip end of the shaft shaped
portion 124 of the nolded product 123 fornmed by the dj r t 30
forth above cannot be forms into the shape accuratelyd%ﬁ @%%%%%gzgggg 6
corresponding to the lower die 116 due to presence of residual air which
cannot be di scharged through the shaft form ng hole portion 116a of the

| ower die 116 upon nolding. This i nt1 &erces for the preci sion of shape of
the shaft portion. Furthernore, in the worst case, the edge portion can
be formed in reversed arc-shape. On the other hand, in design, it is
possi bl e torskpppndiagi nfdudrice dbwele diesildifal daker . téoweastenda bécones

necessary to. perform past process, such as cutting of the tip end _portion
124a of FﬁélgHa ta§ﬁad88“ﬁng?Bﬂ0§2?? 3P GEcert el eVBR PR2LRe di sk

menber 125, he ESféEH@%tf%ﬂ {f%at§§‘éﬁ5ﬁtod§ywdfy1l B nngkﬁﬁqgg§tep
also affects the dis portion and makes flatness and circularity “of the
di sk menbehid2ainfsiddddd efbrf athd hgrdemnegd or €64t of Foie t Bhafeeason,
it becones necessary to nold a disk having greater dianmeter than the
desired sbgstand.t o Fusdhfamansostiprideeseossichcaset r ehenedyef grorthenout er
peri phery Eor ion of the nolded product 123 or trea%nent fo% t he quter
shape of CRB GFskCrBffer136VCEBRNNRYCOBNRRE - | NUENFRONOFRE T RAREN e 11
?”bOd'”E“HeQ§§ﬁ,be§E “9§k%g3%§£bi@ ViEW Of i 118 T o @M ifle T Y Neghove. 1t
is therefore an' object of the exanple enbodinents to provide a disk press
die and @aesoHdadg finocesHdferedl) SKtW bdcamshahiecehaped post perform

post process, such as cutting of the tip end portion 124a

R

of the shaft shaped portion 124.

On the other hand, even in the disk member 125, the
residual air for the shaft portion during molding step also
affects the disk portion and makes flatness and circularity
of the disk member 125 insufficient for the demanded
precision.

For this reason, it becomes necessary to mold a disk
having greater diameter than the desired size and to
perform post process such as treatment for the outer
periphery portion of the molded product 123 or treatment

{:) - for the outer shape of the disk member 125.

SUMMARY OF THE INVENTION

_ The example embodiment have been worked out in view of
the problem set forth above. It 1s therefore an object
of the example embodiments to provide a disk press die and
a molding process of a disk with a shaft shaped portion,
which can perform glass molding process of a glass disk
substrate integrally formed with a shaft portion having
a glass substrate for a magnetic disk having ultra smooth

surface adapted for high density magnetic recording and



whi ch can perform gl ass nol ding process of a glass disk substrate

integrally formed with a shaft portion having a glas lgﬁg a
magneti c di sk having ultra snmooth surface adapted forSlIfSﬂ g %ﬁi%@s

magneti c recording and 11 October 2005 - 7 thus can realize a disk
integrated notor. Another object of the exanple enbodinents is to provide
a press die and a nolding process of "a’disk with a shaft shaped portion
whi ch permts production of a plurality of nolded products at one nol di ng

cycle. | N fo St 38R8Gt, 0f 181 %gpriﬁggggraitg\éeglgtgr},. there is provided a

press die for press nolding g substrate  of a disk nenber with a
shaft shaped penbitberat cdjeert ebf t heleofexaG@TRY | SIn@diatentpperisdi ed or m ng
an upper surface of the disk nenber; an intermediate die having a shaft
form ng holreviger i mrefssy dicy Mg a shbdinghppedepor pifon pPrisikectiitiig af rom a
di sk portion of the disk nenber, and.formng at |least .a |ower surface of
the di sk 6%@F%om§hfﬁ rPOFELPLr 81 ngEé%Wﬂﬁﬁ sﬁ??%ﬂﬁtb?nth8¥smﬂt

shaped porti,0n; 4 i r _guidi.ng -t ie, the
internedi%?gggﬁé%gﬁg%f%glﬁ%ﬁgﬁqgﬁggE%Hgge?qkhgo%ﬁgpﬁpgg?ﬁghg hol e portion

of the internea a ef thet maypbetadithrgieghhhedent Thavedtdennerberendys def i ne
depression anount of a press by the upper die upon press nolding. The ~
i nt er medi ®revdidecdmay piievs e Jleaf toressnineg dislde ooy tdisrs S crukfsdmatsy a

shaft Sha%&ﬂefoéiégnmg%gggcgggglféoghaft shaped portion at a center
thereof, comprising:
{;D an upper die forming an upper surface of the disk
member;
an intermediate die having a shaft forming hole
portion for forming a shaft shaped portion projecting from
a disk portion of the disk member, and forming at least
a lower surface of the disk portion;
a lower die for forming a lower surface of the shaft
shaped portion; and
a guide member for guiding the upper die, the
intermediate die and the lower dies.
Here, the shaft forming hole portion of the
KMJ intermediate die may be a through hole.
The guide member may define depression amcunt of a
press by the upper die upon press molding.
The intermediate die may have the shaft forming hole
portion for forming a shaft shaped portion projecting from
a disk portion of the disk member and a circular recess
for forming at least a lower surface of the disk portion.
The depth of the circular recess of the intermediate

die may be greater than or eQual to a half of a height of



~a disk portion of the disk nmenber and a circular recess for formng at

| edst a | ower surface of the disk portion. The depth of-t recess
‘of the internmediate die may be greater than or equal %% 2 %8¢§Pq%@65helght
. of 11 Cctober 2005 - 8 the disk portion. The depth of the recess of the
internmediate die may be equal to a height of the disk and an upper surface
of the internediate die defines depre8sion anount of a press 5 by the
~upper die during press nolding operation. The internedi ate die may be

formed W {h.aR{ 4K &5ofEd and a bottom frane, the recess may be defined
by the oute? #Tan&ﬁj E the bottomframe, and the outer frame of the

i nternedi ate fragedepiideff Nehdepeessison RN i Ot c2miESte 1PLOYmaPe upper
die during press nolding operation. In a second aspect of the present

i nvent i onbetﬁqu@l tis Ppriveigbd afrrttlb@l g g cmed sanf uppdisslsurfdca ofiaf t

shaped tlon f or press poldin gl ass substrate of a di sk nenber
havi ng th @h]a'f‘Fe§H§[5ﬁcFB%r‘H%rﬂ% 1ae§eﬁf3@|rq9rf‘e¥%famﬂgpﬁgC’fSaaGF%@ﬁer di e

per f orgm _ n p ur nlm rnmedi ate die
having a 4&% ﬁo%e m;ih% B%e%%mﬂ?§§ﬁpﬁg éﬁoghaped portion
and a I ower dlmé%é@mbaga&é@&%m&@rﬁé@oe&eﬁhﬁﬁh&ah &H%]Q_%th&hé' on,
conprising the steps of: 20 placing a“glass materi al revol vi ng body
shape hamdg dettonl firameqgsdheeckeicass may bae e:'netfimedpleyplamdlmrtef to
-its center axis and including a circular section at |east greater than
t he shaf tE¥@mfi Agchotke B@?Cﬂil% fepmehe asxhithe opHitey Horameopfi heof the

.25 int eiﬂ@gfﬁ%%l%te fa Iame may define depression amount of a press
%l) 10 by the upper die during press molding operation.

In a second aspect of the present invention, there
is provided a molding process of a disk with a shaft shaped
portion for press molding a- glass substrate of a disk member
having the shaft shaped p_oﬁ:tion at a center thereof, using

15 anupper die performing press molding from an upper surface,
an intermediate die having a shaft forming hole portion
- for forming a shaft shdped portion and a lower die for
forming a lower surface of the shaft shaped portion;
comprising the steps of:
éi) 20 placing a glass material of revolving body shape
having a circular cross-section in a direction
perpendiculérhto its center axis and including a circular
section at least greater than the shaft forming hole
portion, on the shaft forming hole portion of the
25 intermediate die; and

subsequently performing press molding for the glass
material.

In a third aspect of the present invention, there is
provided a molding process of a disk with a shaft shaped

.30 portion for press molding a glass substrate of a disk member



subsequently performng press nolding for the glass .material. In athird
" aspect of the present invention, there is provided a | di s of a
disk with a shaft shaped .30 portion f or press nnldigg(%h%%ggéqgu %trate
~of a disk nmenber 11 Cctober 2005 _ 9 having the shaft shaped portion at a
center thereof, using an upper die perform ng press nolding froman upper
surface, an internedi ate die having-agshaft formng hole portion for
form ng a shaft shaped portion and a lower die for 5 formng a | ower
the steps of: placing a

rface of the shaft shaped_ portjon, conprisin
;Fass mat F‘?’&I"%ﬁgtenﬁﬁé%% FhII%é’terﬁjlr ﬁ’é’rrfb‘r%“np%%rsalt P%.I}t(ﬁr thensffer HiRde die

with aliggj { ' rd |t e Is of
the shat t A 1PRef A EeRe Smblo ek B SRS am ShihPeFHULEE 0L

nol di ng fah theedhessiatbt gilcrhadBig, at BhaFafdoFRiAGNHoRAl pAKibRN Of
the -.internediate die may be chanfered at | east on a side on 15 which

t he gl asstont &orming gl sbedt Ahmpsdwpioghti@d andphedicwadr glilhes foat eri al
may be Sﬁ% equal to a mass wei ght of a nolded product, a dinmension of the

shaft 5 or hPRERA & pb?PVedn syrhiare | afethegishat b shapgd morkioBgual to the
shaft sh rf.i o t roduct 20- to be nolded, and a di nension of a
SOBpRII Phe! BecHoThe! e

hei ght res ( g be" determ ned so that a clearance between
the internedigigcdhg %nd%iﬁsu?a%ﬂl@l N8y REEOEh LA oMidg HIEASI on of

the product to be nolded. In a fourth aspect of the present invention,
t here portion of the intermediate die with aligning a center axis

of the glass material with a center axis of the shaft
) 10 forming hole portion; and

subsequently performing press molding for the glass
material.

Here, the shaft forming hole portion of the

intermediate die_may be chamfered at least on a side on
15 - which the glass material is placed.

A mass weight of a spherical glass material may be
set equal to a mass weight of a molded product, a dimension -
of the shaft forming hole portion of the intermediate die
may be set equal to the shaft shaped portion of the product -

- ) 20- to bemolded, and a dimension of a height restricting member
may be determined so that a clearance between the
intermediate die and the upper die may become equal to a
dimension of the product to be molded.

In a fourth aspect of the present invention, there
2 5 - 1s provided a press die for press molding a glass substrate
of a disk member having a shaft shaped portion at a center,
comprising: _
an upper die for performing press molding from an upper
surface;

30 an intermediate die having a plurality of shaft



25 is provided a press. die for press nolding a glass substrate of a disk

~ menber having -a shaft shaped portion at a center, con%{iéé&g?egnzmer die
.for perform ng press nolding froman upper surface; 3

an"intéernediate die
having a plurality of shaft 11 October 2005 - 10 formng hole portions for
form ng shaft shaped portions, the shaft form ng hol e portions being
arranged in a manner not interfering Mith each other; a lower die for
formng a | ower surface of the shaft 5 shaped portions; and a hei ght

restricti nmenber for determ ni epr essi on_anpunt of ress. In a
[Th aspbOEMIRa Mo ls diSntL PRgeADIoR GRS TRaLE, Sbrmes Bt HOR. pr ocess
of a di skepit h | r o @

substr at etl(‘)Y#a %hgffikﬂﬁ%ﬁ%@gﬁg’\%elng’ t ﬂeﬂgﬁgf é)%ﬂgp&gdf %ggte :ao%gaé rgé@%{er

t her eof , HeitNd ntArE@PEhgdiva tierdQen BEHEEss nol ding from an upper

surface, an internediate die having a shaft .formng hole portion for
form ng a shafe bbwpzddper fiogn famningoactovwes BorfHrd arfri tiye ashafer

surface of the shaft shaped portion, conprising the steps of: .placing a
pl ur al5 t ySBAPGIROREI@RFal €%t revol ving body shape each having a

the shaft 20° Folbnit ndies Brerans groRReR ater Aff stBu TSl the pross.
di e respegbpyelatiandamsinedw ntd yppekiornng press nolding for the glass
material for producing disk nmenbers with shaft shaped

. In a fifth aspect of the present invention, there is

provided a molding process of a disk with a shaft shaped

10 portion for press molding a glass substrate of a disk member
having the shaft shaped portion at a center thereof, using
an upper die performing press molding from an upper surface,

“an intermediate die ha\}ing a shaft forming hole portion

for forminlg a shaft shaped port-ién and a lower die for

15 forming a lower surface of the shaft shaped portion,
comprising the steps of:
- placing a plurality of glass materials of revolving
body shape each having a circular :cross-section in a '
) direction perpendicular to its center axis on the shaft
) 200 forming hole portions of the intermediate dies of the press
die respectively:; and |
subseqﬁently performing press molding for the glass
material for producing disk members with shaft shaped
portions with sufficient concentricity.

25 In a sixth aspect of the present invention, there is
provided a press die for press molding a glass substrate
of a disk member having a shaft shaped portion at a center,
comprising:

an upper die for pérforming press molding from an upper

30 surface;



portions with sufficient concentricity. 25 In a sixth aspect of the present
invention, there is provided a press die for press | di

substrate of a disk nenber having a shaft shaped pop?y%ﬁﬂ%%ﬁggégﬁﬁg%,
conprising: an upper die for perform ng press nolding froman upper 30
surface ; 11 Cctober 2005 - 11 a plurality of internediate dies, each
having a shaft forming hole portionfét forning the shaft shaped portion;
a lower die for formng a |lower surface of the shaft shaped portions; and
a height LesisigL)ng, megper, for, dejerm nifid depressi of ., appunt of fepr ess.
In a sevent h®aspec 3f The present Tnvention, there is provided a nolding
process OEoémthkhWQEhp@r%H@BtféBaEQQmiﬂﬁrEh@nsﬁQEtDéﬁé?eﬂDbekﬁgoﬁ;9|aSS
substrate of a disk nenber having the shaft shaped portion at a center

t hereof, using dmrwgppetiai Eoperfbamirkg apresesemobdrhgcér om drhaipperft
surface, an internediate die having a shaft formng hole portion for
form ng aSS8RRPE BRABEATSSr 8P8n and a lower die for fornming a | ower surface
of the shaft Sgaﬁ%‘i fﬁ”ﬂe ricdtd! gr% J@oétcﬁ e Ain R SCLOg- S Pl 4 al ity
of glass materrals S revo ving ody shape eac aving a circular ,
Cross-sectm@lnitNo& adpkeegki.on perpendicular to its center axis on the shaft
formng hole portions of the internediate dies of the press die
respectivel y; andasusleyequrdntaspasdr fodr iy poressstnol miverge for, theexg abs

material for Qroducing a plurality of disk nmenbers with
provided a molding process of a disk with a shaft shaped

porticn for press molding a glass substrate of a disk

i;ﬁ member having the shaft shaped portion at a center thereof,
| using an upper die performing press molding from an upper
surface, an intermediate die having a shaft forming hole
porticon for forming a shaft shaped portion and a lower die
~ for forming a lower surface of the shaft shaped portion,
comprising the steps of:
| placing a plurality of glass materials of revolving
body shape each having a circular cross-section in a
direction perpendicular to its center axis on the shaft
forming hole portions of the intermediate dies of the press
{N) die respectively; and
U subsequently performing press molding for the glass
material for producing a plurality of disk members with
shaft shaped portions simultanecusly with sufficient
concentricity between each disk member and corresponding
shaft shaped portion.

Since the press die for press molding of the glass
substrate of the disk member with the shaft shaped portion at
‘a center thereof, according to the example embodiments,
includes the upper die forming the upper surface of the disk

member, the intermediate die having the hole for forming the



shaft shaped portions sinultaneously with sufficient concentricity between
each di sk nenber and correspondi ng shaft shaped portion. S t ress
die for press nolding of the glass substrate of the d?gkpéiégé; %g? t he
shaft shaped portion at a center thereof, according to the exanple

enbodi nents, includes the upper die formng the upper surface of the disk
menber, the internedi ate die having théZhele for form ng the 11 Cctober
2005 - 12 shaft shaped portion projecting fromthe disk portion of the

di sk menber. d formng at least the |ower surface of the disk portion,
the | ower i o?h?B?aiﬁﬁ”FH@nld&%?3e%ﬁﬁW%c§rﬁ¥‘t esﬁé?? FHFEF hoPti on

and the heirghty; JEShERSEENANIEHEN O Het eLaLai Rgl Nelaprassi oo, agpunt of
the press, gas I1n the shaft formng hole portion wll never Treside during
mol di ng prideesslit® ppoptionpl ditg ilRkercofkact foshapermint t @hachiever
satisfactory concentricity between the shaft shaped portion and the disk
menber . FluH@&d%or 2f bythadaphphf medered gimoxdfiarhe apdsstimat eheaghtshapes

of respective diies and di nension, of the height restricting nenber o the
Tl nal Cd AR e S R THIG (e TePE B Sl ThETSrabe. of
t he di sk e | di 1 t I Ty t

nmol di ng. gg#%ﬁ%%ﬁ%%e%ﬁg?ﬁgg t ew%%%§¢tf?%?n1 glll %?Zﬂ%gﬁé§gnﬂ?gitﬁ%%gi

i nt er medi atessidiee duxinige malkdiayglprbekes tbe pehafit shapedgpantboroeasche

accurately and optinmally nolded. On the other hand, since the press die of
t he exanpl¥apentidl neat achaevpr egsinbpatayy t Bengpassidgitk bsteeist £het ed

e SRS i ont hnet i PO SR el rgEESSg] o
i adapting mass weight of the glass material, shapes of
respective dies and dimension of the height restricting member
to the final dimension of the disk, it becomes possible to
produce the shape of the disk only by press molding without
requiring any treatment after molding. Furthermore, since the
shaft forming hole portion in the intermediate die is the
through hole, the shaft shaped portion can be accurately and
optimally molded.
On the other hand, since the press die of the example
embodiments for press molding the glass disk is constructed
{:) with the upper die, the lower die and the intermediate die
. processed into the shape of the shaft shaped portion and
the lower surface of the disk portion of the molded
product, the outer periphery of the moclded product is
restricted by the circular recess of the intermediate die.
On the other hand, since the shaft portion also restricted
by the shaft shaped portion of the intermediate die,
circularity of the disk portion and the concentricity
between the disk portion and the shaft portion can be
certainly achieved.

Furthermore, in the press die of the example



the | ower surface of the disk portion of the nolded product, the outer
periphery of the nolded product is restricted by the £ rqu o recsss of
the internmediate die. On the other hand, since the shaft portion al so
restricted by the shaft shaped portion of the internediate die,
circularity of the disk portion and ghg concentricity between the disk
portion and the shaft portion can be értainly achi eved. Furthernore, in
the press die of the exanple 11 October 2005 enbodi nents, by constructing

the hei ghtern@ctEaRn@R ,0f b heonisht-achBdiat €ndi eclignke @ohahsiont be nphded
product, the outer periphery of the nol ded product is restricted by the
circul ar retcessedfiatie dit etwediat eqiad. On tthe otbdkded hamodusitncetide
shaft portion is restricted by the shaft form ng hole portion of the

i nt er medi &EeH SRt orihe crPtdear PEQIBFTt RE dick P&t orPanthRe

sati sf act %&%.cuﬁ%’}cegéééggt yoﬁekﬂ’ge%@ee r%?éé{aﬂ?%’r t4;Qn and | h%h%ha{)%heport hon
can be certainly achreved. SO, accord?ng 0 the  di nensi on of e
internedi abeddi esimcd henBeighirtdi g8etion, ist hte i MRSdONLOT tike swAged
product in the height direction can be determ ned. Al so, the press die
accor di ng foemihg éxarpl roreidrode frethe iimdleudeslitthe iditeer neali bt Badieryn
divided construction to elimnate necessity of treatnent for _formng the
recess of SEREVAREILA s0°tt het 't er AR8Kat ePOFFARR and@the FtFLRFEREY are

only requied MRehining ;E;;eltw!%'e%”erth%o! & 120 #&eﬂicﬁ]e”eﬂ{l?rytﬁé’ f@l?é% tate

machi ning to achieve-su cient precision. nmol di ng process o0 e disk
W th the ghattocahaped odoréieinBECOEHLBFeH0 t R sexamRI® weiibedi tentse for
8{558 dimension of the intermediate die in the height direction,

the dimension of the molded product in the height direction

can be determined.

Also, the press die according to the example
embodiments includes the intermediate die in divided
construction to eliminate necessity of treatment for
forming the recess of the die. Also, the intermediate
frame and the outer frame are only regquired machining of
plane, hole and cuter periphery to facilitate machining to
achieve sufficient precision.

iﬂj The molding process of the disk with the shaft shaped
B portion, according to the example embodiments, for press
molding the glass substrate of the disk member having the

shaft shaped portion at the center, comprises the steps of

placing the glass material of revolving body shape having a
circular cross—-section in the direction perpendicular to the

center axis on the shaft forming hole portion of the
intermediate die with aligning the center axis of the glass

" material with the center axis of the shaft forming hole
~portion, and subsequently performing press molding for the

glass material to obtain the disk with the shaft shaped



nmol di ng the gl ass substrate of the di sk nenber having the shaft shaped
portion at the center, conprises the steps of placinghel@ass Jmferi al
of revolving body shape having a circular cross-section in the direction
perpendicular to the center axis on the shaft formng hole portion of the
internediate die with aligning the center axis of the glass material with
the center axis of the shaft forming~hdfe~ portion, and subsequently
perform ng press nolding for the glass naterial to obtain the disk with
the shaft shaped 11 _COctober. 2005 -- 14 rti.on having satisfactory
circularif .r% O ﬁgvb?%e?awa%tgﬁc%%ré’ r%r&%(riarﬁ?&ess of the disk with the
shaft shaped pentions 2¢¢RrdiNghdo the exar® &y %&B@d%@erﬁﬁ, ther @rass

nol di ng the gl ass substrate of the disk nmenber having the shaft shaped
portion awithe tleat ehaftcospapsés pgdwe: strgpsactoptlasgng-d hehgl assammlteeri al
on the shaft formng hole portion of the interpediate die with _aligning
the cent efMkeddmsntshe sk ¢as efCalifdt Hhhed 12 Eht 8RPEXFELEF Ahe ¥haf t

forming hgl.e,portion ,h$€i?nﬁ subseguent | ghgﬁééﬁﬁa@r@go@ ess 41l d(if%gté%r t he

glass material for cer y achieving ¢ rrcity between sk

portion apgy &qs%@afﬁworst&Pg- din bhecimydicng proeassmaebrignt bnabave,
since the shaft formng hole portion inthe internediate die is chanfered

at | east ohaiflte Sodeimbi dlwltchepgkassnnmatfer iche i bntemndbi pleacdde ivifh
possi ble to stably achieve satisfact orfy concentricity between the disk
portion afditRéShathe sKEPEET pFis ot | HhehdlR5iedi PR pFotbs¥1tE n'dee t he

bergnt o Eortlr Mexi3PNBE! 08heo! SRBRR BhAhnle REeCBlelon (e ERS
el subsequently performing press molding for the glass
material for certainly achieving concentricity between the
disk portion and the shaft portion.

In the molding process set forth above, since the
shaft forming hole portion in the intermediate die 1is
chamfered at least on the side which the glass material is
to be placed, it is possible to stably achieve satisfactory
concentricity between the disk portion and the shaft shaped

portion.

In the molding process, since the mass weight of the

spherical glass material is set equal to the mass weight of
the product to be molded, and the dimension of the shaft
forming hole portion of the intermediate die is set to be
equal to the dimension of the shaft shaped portion of the
product to be molded, and a dimension of the height
restricting member is determined =so that the clearance
between the intermediate die and the upper die becomes
equal to a dimension of the product to be molded, it is
possible to eliminate necessity of machining after melding.
Also, gas will never reside in the shaft forming hole

portion. Thus, the desirable shape of disk can be produced



t he product to be nolded, and the dinension of the shaft formng hole
portion of the internediate die is set to be equal taithetdipensioas of the
shaft shaped portion of the product to be nolded, and a di nension of the
hei ght restricting nmenber is determ ned so that the clearance between the
internediate die and the upper die becomes equal to a dinension of the
product to be nolded, it is possible to ®lininate necessity of machining
after nmolding. Also, gas will never reside in the shaft form ng hol e

portlon h h I of disk can be produced 11 COct ober 2005
- onlg g? ?& Eh %é%§I§O§Q§H$he press die, according to the exanple

enbodi rent s, fohe 1915@§§ e dli@céﬂﬁr@j ass tﬁi&?eixra&@QeOfembbslﬂéﬁksn'efmer
having the shaft shaped portion at the center, gPrlses t he upper die
for perfopneag ppéssngntdenglﬁﬁgmaﬂhﬁuHﬁﬁﬁ<Shﬂﬂﬁt sk HeenibperEdind e die

havi ng a Iurallt of shaft formn e ortlons for form shaft_shaped
portions, Fﬁe5§ﬁ§¥t5hﬁ8?ﬁlﬁ§rﬁ&P€ %ﬁfﬁgﬁhép i -ﬂ% C mermer not

terf f I f
of the AP Shicihorrione, T € neohar o %O‘é@[??‘%?.@é’%%%‘?%‘i?” -

det er m ni AgcdERIRSSIRN A UAL e Othdhieg paresSlurBlansf ove, shhaeEtpréssnihe can
be sinply constructed wth the upper die, the |lower die and the
i nt er medi Avéedpertiions £q1 ufeimiyg ofhehe BoRpsd P iovdi ntidiant22bf the

di e becones easy. Furthernore, a urallt of di with the shaf haped
portions ﬁﬁmbﬁgprﬁﬂhﬁedp%§tbﬂﬁscy Pelgf F%@geﬁnlﬁ?ng TH&"h© T’dlIthES

g;;ﬁgfz gégég?ﬁgk?hgwkagﬂjgaéﬂugﬂhépapﬁﬁe Egﬁéroﬂaéﬂra¥“kéﬁhiﬂgtﬁﬁb
L/ lower surface of the shaft shaped portions, and the height
restricting member for determining depression amount of the
press. Therefore, the press die can be simply constructed
with the upper die, the lower die and the intermediate die
with a plurality of the holes. Thus, maintenance of the
die becomes easy. Furthermore, a plurality of disks with
the shaft shaped portions can be produced by one cycle of
press molding.

The molding process of the disk with the shaft shaped

portion, according to the example embodiments, for press

molding the disk member having the shaft shaped portion at

the center thereof, comprises the steps of placing glass
materials of revolving body shape having the circular
cross—-section in a direction perpendicular to the center
axes on the holes of the intermediate die, and subsequently
performing press molding for the glass material for
producing disk members with shaft shaped portions with
sufficient concentricity. Therefore, the press die can be
simply constructed with the upper die, the lower die and
the intermediate die with a plurality of the holes. Also,

a plurality of disks with the shaft shaped portions can be



nol di ng the di sk menber having the 'shaft shaped portion at the center
thereof, conprises the steps of placing glass nmaterialk @ftaslevolAddtg body
shape having the circular cross-section in a direction perpendicular to
the center axes on the holes of the internediate die, and subsequently
perform ng press nolding for the gl ass terial for producing disk nenbers
with shaft shaped portions with suf i &Pent concentricity. Therefore, the
press die can be sinply constructed with the upper die, the |Iower die and
t he intergggh%kgddb? Whkh 3 chkubal bhysef mbhaihgles. Also, a plurality of
di sks with the shaff shaped portions can be 11 °Cctober 2005 - 16 produced
by one cycl e ofnprigss muheirnganaa, t hécot pressdhande,t hecpoessndi o atler di ng
to the exanple enbodinents, for press nolding the glass substrate of the
di sk menbé&xaRRven s iieares ,shepedrperdi BRlainghdhecehtdFs EBRPFFIE] t he

upper die for _.performn res mol _di fromthe u r surf.ace, lurality
of inter néjgﬁaﬁ}ge |Se}.§,m Iﬁ@ﬁrhzl !vr%grfgt htg%]o?%a %r SP%B%SngotrﬁéLogha?f gtﬁ%ped
portion, thetkever Qe fiQksf OHHNG Udped OWBIe SutdRCep8frbhRinghapteshaped
portions, and the height restricting nmenber for determ ning depression
anount of molelipgeSsomTéreefgrnesr dhef preessa dbeucahi be sfnphyecoadiatet ed
with the upper die, the lower die and a plurality of the _internediate

dies, eaffeRavi®Rfa PRYAE&QY tYhof e nbPe. frEdngaiheeitd ofhaPRd die
becones e %¥.t.FHrtr% rmre, adal ur% i té/ of. di stkhs fvi&h thﬁ: Qgét fh@ggd
?a 10 <] é) er 1e Orét%ln& e Cﬁll:l S ]’.i_ﬁe I’T’D?dl ng

portions n "be" produced by one cycl e ess no g. T
process ofshbie disdpamt Bole csiRaf tashaped POTHHeON.rARGAIH MYy t Rehber

@:xgnpl e enbodi ments, f.or press
- for determining depression amount of the press. Therefore,
the press die can be simply constructed with the upper die,
the lower die and a plurality of the intermediate dies,
each having a plurality of the hole. Thus, maintenance of
the die becomes easy. Furthermore, a plurality of disks
with the shaft shaped portions can be produced by one cycle
of press molding.
The molding process of the disk with the shaft shaped

porticn, according to the example embodiments, for press

molding the disk member required concentricity between the

disk member and the shaft shaped portion at a center
thereof, chprises the steps of placing glass materials of
revolving body shape having the circular cross-section in a
direction perpendicular to the center axes on the shaft
forming hole portions of the intermediate die respectively,
and subsequently performing press molding for the glass
material for producing disk members with shaft shaped
porticns with sufficient concentricity. Therefore, the
press die can be simply constructed with the upper die, the
lower die and the intermediate die with a plurality of the

shaft forming hole portions. Also, a plurality of disks



nol di ng the di sk menber required concentricity between the disk nmenber and
the shaft shaped portion at a center thereof, conprises ¢dieoisd e oy

pl acing glass materials of revolving body shape having the circul ar
cross-section in a direction perpendicular to the center axes on the shaft
form ng hole portions of the internegiﬁze_die respectively, and
subsequently perform ng press nol di ng r the glass material for producing
di sk nmenbers with shaft shaped portions with sufficient concentricity.
Ther ef or e witdie theY 3% fH &P SHRING canstydigi eshydd theshppeycdie, the
| ower die and the internediate die with a plurality of the shaft formng
hol e porticdngrealssoolaiplgural ity of disks 11 Cctober 2005 - 17 with the

shaft shaped partions can be produced by one cycle of press nolding. On
the other handP% hepr &&&edi ehan@cotdicngP¥eSt heicex anprereqboditPente for

press nol dj t-he gﬁﬂﬁﬁ- HF; r e_disk r Vi g t
shaped pog%%%ﬁl%t the é@n é%ﬂaﬁﬁﬂpgigéglF%%E&SEE&HI|é£?%$§p%§$%F%$§% press
mol di ng fro@mdihe apper menbbactavay Wiad i shapf ERbpeAEANS ordigs, trach
havi ng the shaft formng hole portion for formng the shaft shaped
portion, tdeatlegwer o rfigres orbtieng unpee | oler  stwf aceeofotthénghafreshaped

portions, and.the _ height restricting nmenber for determning depression
amount 01{“0{1 ngy g&om %ﬁ?rémﬁee‘f St?f%gapﬁee'ssﬂ R ek be ‘&%né’fllgﬁérl“ dtab®th the

upper di eqﬂe@e, | auer, dhﬁvﬁ'ﬁg] acplurabLiy ok the, iF‘hSigEdlgékﬁ'QhesfoPaCh
having a plurality of the shaft  formng hole po?tlon I'n |npfe
const r uct ifefrmi hfgushe MRgHeNANGRDOfpdRe o e rcoamseeasye FoFt hermDig, a

p[yrality of disks with the shaft shaped portions can be

- the lower surface of the shaft shaped portions, and the
height restricting member for determining depression amount
of the press. Therefore, the press die can be constructed
with the upper die, the lower die and a plurality of the
intermediate dies, each having a plurality of the shaft
forming hole portion in simple construction. Thus,
maintenance of the die becomes easy. Furthermore, a
plurality of disks with the shaft shaped portions can be

produced by one cycle of press molding.

The molding process of the disk with the shaft shaped

S

portion, according to the example embodiments, for press
molding the disk member required concentricity between the
disk and the shaft shaped portion at the center comprises
the steps of placing glass materials of revolving body
shape having a «circular cross-section in a direction
perpendicular to a center axis on the shaft forming hole
portions of the intermediate dies of the press die, and
subsequently performing press molding for the (glass
material for producing a plurality of disk members with
shaft shaped ©portions simultaneocusly with sufficient

concentricity between  each disk member and corresponding



produced by one cycle of press nolding. The nol ding process of the disk

with the shaft shaped portion, according to the exanple esbaskreras; for

press nolding the disk nmenber required concentricity between the disk and

t he shaft shaped portion at the center conprises the steps of placing

glass materials of revolving body shapg having a circular cross-section in

a direction perpendicular to a center axis on the shaft form ng hol e

portions of the intermediate dies of the press die, and subsequently

per f or m ngHafsssnapdinpderidhe gl aesref®t€s i alhd oprpsedugidgcanplieal ity
of disk menbers with shaft shaped portions simultaneously with sufficient
concent ri ¢iimp lpetaaret it di skt eblver upper cdiees pduedilngrelrl ot ored 2005 -

18 shaft shaped portiaon. Therefore, the press die can be sinpply.,

ponstruc;é%“ﬂ#@ﬁiﬁh€ [ﬁhﬁ %ﬂ?ﬁr? q?ﬁwﬁl%ﬁ%a%ﬁﬁpahaﬁ&%?a?ingﬁgl%F%

I ntermedi g dieSspgaeh fl?féﬁjf aﬂBkEF?o‘rﬁoan t@ﬁuét‘afﬁaj‘;&{éﬂd}&eh%?

portion. Thus, naintenance o the di e becones easy. "Furthernore, a

plurality tofe diis&s bewbhbst heasshaf t FRhapedrpekt,i onsptamabe tpr aducgds by one

cycle of press nolding. On the other hand, since the divided plurality of

i nt er medi atidhditde Fhadt mhatwd tedoriing ol epprodased opy Poentnglehe

shaft shaQ) épg;%}on t, the center, it is possible to inprove the

machi ni ng i§ioﬁm9 Pémit production of the press die with the shaft

formng hole perttass b ohaplec shgBanthd NG RFREIS! QN 0h14RG Spaf !

shaped portion of the nolded product. Furthernore, even "when faflure is
caused i n itrhermeldded epradidicthghe the ebaftr Edetmioly frailairgotnidme doyi ded
iinter medi at e di es,

e forming the shaft shaped portion at the center, it is
possible to improve the machining precision to permit
production of the press die with the shaft forming hole
portions in high precision and the precision of the shaft
shaped portion of the molded product. Furthermore, even
when failure is caused in the molded product due to
occurrence of failure in the divided intermediate dies,
only faulty fraction of the divided intermediate dies is
required to be replaced and remaining fractions can be used
without replacing. Thus, maintenance ability can be

”§;> improved.

One example of the disk integrated motor using the
disk with the shaft shape portion according to the example
embodiments is shown in a form of diagrammatic section in Fig.

38. On the other hand, an example of the case using the

same sized conventional donut type disk for motor is shown

in a form of diagrammatic section in Fig. 309. As can be

seen from these examples, comparing with the conventional

disk, the thickness can be reduced by more than 30%. Thus, the

example embodiments can contribute for reduction of thickness

of the disk drive unit.



only faulty fraction of the divided internediate dies is required to be
repl aced and renmai ning fractions can be used w thout rephaci ddnss,

mai nt enance ability can be inproved. One exanple of the disk integrated
notor using the disk with the shaft shape portion according to the exanple
enbodi nents is shown in a formof diagnammtic section in Fig. 38. On the
ot her hand, an exanple of the case using the sane sized conventional donut
type disk for motor is shown in a formof diagrammatic section in Fig. 39.
As can be seelTHa ombblreseapdanyiltes; obApatkng affdctdhe cesvemkisonahd di sk
t he thlckness can be reduced by nore than 30% Thus, the exanple

embodi ment3 V@I adt r iafut hFor exeERtei GkEdiTeRkhess Llof beremdi sROBE| ve

unit 0 19 T e a and ot her cts, effect features and
advantagegﬁ%%qi égegghp e Bt 39 'S "\ Igeﬁgfﬁ lﬁBreOfapﬁ sgﬂfm??gﬁ1the
fol | owi ng wgsadmdt | eakah enpedi rRpk %ncttll%eofwi@ﬂfen Ay COQbH@ﬁﬁéR?l%t h the
acconpanyi ng drawi ngs. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 1s an

expl oded gbmerialgsection of a press die according to the present

invention; Fig. 2 is a section of a press die perform ng nolding by neans
of a press die of Fig. 1 for inplenenting a nolding process according to

the present invention; 5%9EF3Dé§C%¥ﬁf%5&Q5FSF§é'ﬁﬁhﬁﬂ@ﬂ%ng a die portion

for perform ng nol di ng by neans e press di 1in the first
enbodi nent of the present invention; Fig. 4 is a front elevation of a

nol ded product of _
Fig. 1 is an exploded general section of a press die

L according to the present invention;

Fig. 2 is a section of a press die performing molding

by means of a press die of Fig. 1 for implementing a
- molding process according to the present invention;

Fig. 3 is a partiai section showing a die portion for
performing molding by means of the press die of Fig. 1 in
the first embodiment of the present invention;

Fig. 4 is a front elevation of a molded product of
Fig. 3;

Fig. 5 1s a bottom view of the molded product of Fig.
4;

N

Fig. 6 1is a partial section showing the press die
portion in the second embodiment of the present invention;
Fig. 7 4is a partial section of a molded product
' portibn of the die of the present invention illustrated in
Fig. 6;
Fig. 8 is a front elevation of the molded product in
Fig. 7;

Fig. 9 is a bottom view of the molded product of Fig.

Fig. 10 is an exploded general section showing the



-Fig. 3; Fig. 5is a bottomview of the nolded product of Fig. 4, Fig. 6 is
a partial section show ng the press die portion in thersesosskenhoghd nent
of the present invention; Fig. 7 is a partial section of a nolded product

portion of the die of the present invention illustrated in Fig. 6; Fig. 8
Is a front elevation of the nol ded p_r%%ugt in Fig. 7; Fig. 9 is a bottom
vi ew of the nolded product of Fig. 8; 'Fig. 10 is an expl oded general

section showi ng the 11 Cctober 2005 - 2 0 - press die in the ninth

enbodi nenprefss eept rSdid niitMeNbidodindegt d the prakamtviawdit fon ; _
internediate die of the press die of Fig. 10; Fig. 12 is a front elevation
of the interneligteldi és 8 pflamhyimwssft dire vit&rgedibtaidie I3F i sha
section of the press die.for perform ng nolding enploying a press die of
Fig. 10 fBFeiSI%I‘{e]rf%n‘Pgnglgt-hel%l di ng process of the ninth enmbodi ment of

t he present | ntikgn; .1 ' 14 ,i tial ction at an initial stage
of nolding Off‘t}iﬁé %r%eg'g gi E}:%g;t é&ﬁ%ﬁt%.éﬁﬁﬁgi %#e?gﬁeﬁaa%%r(ﬁ%
section obft ke qlsiedspaeduets mustiom,of the press die-of Fig. 14; Fig. 16

is a partial plan view of the nolded product 15 portion of the press die
of Fig. 15; Figigl71l3sis pl ancliien af tite posssdidief Sorppeidorining
molding employing a press die of Fig. 10 for implementing
the molding process of the ninth embodiment of the present
invention;
10 Fig. 14 is a partial section at an initial stage of
molding of the press die portion of Fig. 13;

Fig. 15 is a partial section of the molded product
:portion of the press die .of Fig. 14;

Fig. 16 is a partial plan view of the molded product

- 15  portion of the press die of "Fig. 15;

Fig. 17 is a plan view of the press die for performing
molding employing a press die for Admplementing the molding
process of the tenth embodiment of the present invention;

Fig. 18 is a bottom view of the molded product of Fig.
) 20 17;
Fig. 19 is a front elevation of the molded product
of Fig. 17;
Fig. 20 is a section of the press die for performing
molding by means of the press die for implementing the
25. molding process of the tenth embodiment of the present
invention illustrated in Fig. 17:
Fig. 21 is a partial section upon molding of the press
die portion of Fig. 20;
Fig. 22 is an exploded section showing the press die

30 in the prior art;



nmol di ng enploying a press die for .inplenenting the nolding process of the
tenth enbodi nent of the present invention; Fig. 18 is = hmdtepavidwnf the
nol ded product of Fig. 20 171 Fig. 19 is a front elevation of the nol ded
product of Fig. 17; Fig. 20 is a section of the press die for performng

- nol ding by neans of the press die for j,npl enenting the 25 nol di ng process
of the tenth enbodi nent of the present invention illustrated in Fig. 17,
Fig. 21 is a partial section upon nolding of the press die portion of Fig.
20; Fig. 22 isFapg.eXplbded ssertian chdiaegiddnptaesmdileiny prodd®s pri or
art; 11 Cctober 2005 21 Fig. 23 is a_section of the die in the nolding
process EWPHAYIRG t Hhe cephFanblrrabr press dig ¢fgFis: 22y, 24 is a
partial sectiog. qf e .die portion. corresponding.to the nmoldi.ng product
portion of Fi gfl§3; tzr]’Filgs. LePREtA G o%ﬁcﬁf‘gf}af)ffoﬁ:h(ﬁ ‘%Jn% RO roduct in
t he priorcart L @ i o Fi [ i : ded pduct of
Fig. 25; Fig. e?‘ycf%&%nggg?i%ﬁeolﬁéggrg{ lei%ér)]@ltmr:]g g@%&%ﬁ’:’gg’ﬁ?&%ﬁbnﬁi ion in
the faurth enbBilgneats dfs tanefpoaseril evaweohi off, the) . m@Bded dprsaludcoON Of
the die in the assenbled condition in the fifth enbodi ment of the present
i nventioni? Ehg D0iex areeri dHi®f 2He die in the expl oded section 15 in

i i ) L tion;
the si Xt_ h enbol-dzl_g?n£601fs tah%o%rtegn?q}lelzv?\{oep the molded product of Fig.

25;
| Fig. 27 is a section of the die in the aésembled
(. 10 condition in the fourth embodiment of the present
invention;

Fig. 28 is a section of the die in the assembled
condition in the £ifth embodiment of the present invention;

Fig. 29 is a section of the die in the exploded section

15 in the sixth embodiment of the present invention;:
" Fig. 30 is a section of the die in the assembled
.condition in the sixth embodiment of the present invention;:

Fig. 31 is anlillustration showing a construction of

the device in the sixth embodiment of the present
QS) 20 invention;

Fig. 32 is an illustration showing a force to be
exerted on the molded product during press molding in the
sixth embodiment of the present invention;

Fig. 33 is an illustration showing a condition where

25 . molding is completed in Fig. 32;
| Fig. 34 is a section of the die in the exploded
condition in the seventh embodiment of the present
iﬁvention;
| Fig. 35 is a section of the die in the assembled

30 condition in the seventh embodiment of the present



Fig. 30 is a section of the die in the assenbled :condition in the sixth
enbodi nent of the present invention; Fig. 31 is an il lustsatdedr Shhpe ng a
construction of the device in the sixth enbodi nent of the present 20

invention; Fig. 32 is an illustration. showng a force to be exerted on
the nol ded product during press nol di in the sixth enbodinment of the
present invention; Fig. 33 is an illustration showng a condition where 25

.molding is conpleted in Fig. 32; Fig. 34 is a section of the die in the
expl oded inveditticeny i n the seventh enbodi nent of the present invention;
Fig. 35 is a section of the die in the assenbled 30 condition in the
sevent h enbodifbat 386 tilfe dreeehfionl adttbher d2e05n t32e éerpdodesh; Fig. 36
is a section.of .the die jin the exploded condition in the eighth enbodi nent
of the pr&eBALtioR, IR ibhe sighfh sempediment iof bhet prefientn the
assenbledinggg@&gﬁgn in the eighth enbodi nent of the present invention
Fig. 38 is a diagrdmmtic section of a disk integrated type notor using a

disk with a shaig. shapad porébepieh ¥ the giesaM dHweakbembidd- 39 is a
di agrammatic section of a notor portion in the case where the conventional

donut typeoudskion ugedtheneilhgh @mbedimeertspeftthe preweaita disk drive
unit invention;
Fig. 38 is a diagrammatic section of a disk integrated
type motor using a disk with a shaft shaped portion of the’
./ 10 - present invention;
Fig. 39 is a diagrammatic section of a motor portion
in the case where the conventional donut type disk is used;
- and

Fig. 40 is a perspective view of a.disk drive unit

15 assembled therein a disk integrated type motor of Fig. 38.
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

As a die for molding glass substrate for a disk
) 20 .according to the present invention, heat resistance,
oxidation resistance and mechariica}. strength against high
temperature and high pressure upon molding are required.
On the other hand, since the die contacts with the glass
at high temperature, the die is required to have low
25  reactivity with glass.
| On the other hand, a surface smoothness for high-
density magnetic recording medium is required. Also, as
- a motor bearing, dimensional precision in the order of
sub-micron is required.

30 . For satisfying such requirement, a die having a hard
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.15 assenbl ed therein a disk integrated type notor of Fig. 38. DETAI LED
DESCRI PTI ON OF PREFERRED EMBODI MENTS As a die for nmol dingh@t @ss- sulistirate
for a disk 20 .according to the present invention, heat resistance,

oxi dation resistance and nechani cal strength against high tenperature and
hi gh pressure upon nolding are required _ On the other hand, since the die
contacts with the glass at high tenperature, the die is required to have
low 25 reactivity with glass. On the other hand, a surface snoot hness for

hi gh- den@?ﬁ?hﬂﬂyﬁh|@O®@cwpakm@1¢m¢unassarmmhrrm awfls formeed aviidhor
bearing, dine n the order of sub-micron is required. 30

|
For satls?yflﬂg’ Wi Eg% ililﬁgfgtflja{“o‘?% REOERG T Yarkiln &5t omfiimobs - 23
t al t b t d d t.h t|
o g L O L P LB

alloy filmas protective 17

to the fodggQing particul ar dle. 5 As noble netal alloy film it |s
applicable to contain at |east one el enent sel ected anong a group

consi sted of &¢admlenn(ditd] aliboy uii Like)it i dpwhi(dat) le dsdicon{dB) ,

pal | adi um ﬁP?é rhodi um_(Rh) and ruthenium (Ru) as maj or conponent and
al so cont@ Bstegde Glensrbenelesited amorg adgouPgrons icored seld of

tantal H), .t ol d | at,
hen; um (regt i Fk ¢ Tnens Wi SR I s ad Pt (Y pobsRinBbiR Ry and
rut heni ur@éﬁmhdﬂn Q@Hﬁe,rﬁfbélﬁhﬁ(Rﬁ)”%é&%&ﬁéﬁﬂu}no(%e) %l@'n%’jé@ 15

the foregoing noble netal alloy f
component and also contaln at least one element selected

L 10 among a group consisted of tantalum (Ta), hafnium (Hf),
tungsten (W), gold (Au), platinum (Pt), rhenium (Re};
iridium (Ir), osmium (Os), palladium (Pd), rhodium (Rh)
and ruthenium (Ru).

Of course, the die is not specified to one employing

15 ~ the foregoing noble metal alloy film.

As a glass material to be employed in the present
invention, it is desirable to have a mechanical strength
as a substrate for a magnetic disk. A glaés material having

” Young's modules greater than or equal to 80 GPa is desirable.

&;) 20 On the other hand, glass material having high chemicél
stability and lesser influence for the magnetic recording
medium is required. On the other hand, glass material
having temperature characteristics adapted to glass
molding and lesser influence for the die is required.

25 As glass material satisfying such requirement, while
not limitative, alumino silicate type, alumino borate
silicate type, alumino lithium silicate type, zinc alumino
silicate type glasses and so on may be applicable.

A.viscosity'of glass for press molding is preferably

30 a softening point of glass, and preferably in a range of



-~ As a glass material to be enployed in the present invention, it is
desirable to have a nechanical strength as a substrate;foftaodmaoreds C
disk. A glass material having Young's nodul es greater than or equal to 80
GPa is desirable. 20 On the other hand, glass material having high chem cal
stability and | esser influence for th? magnetic recording nediumis
required. On the other hand, glass ma &r i al havi ng tenperature
characteristics adapted to glass nolding and | esser influence for the die

is required’ t@518% gbase .natrer itdle SptE6bying SUEhgredtere®dn thel e not
limtative, alumna silicate type, alumno borate silicate type, alumna
| i t hi um skForegodng pmngée ncadhesiion ogi [thmatperaypengl assEa@ndSdchmm my be

applicable, A vi scosi% of glass for press molding is preferably 30 a
sof t eni nggib%i Fenobey cRusednd prafdesmere n khegigd othrinkegeopdomoos -

sof ten _ Bretheamyren = 3kegeonio
range,  adheR TR aags odBrHS o 1 bl PR bR pradled” "

Fur t her nof ankkedTR s SBhENKRGS sGPehicRO JECONBS ghiar gerhLause
difficulty in precise 5 transfer of the pressing surface of the die. Thus,

It beconescombespossi bessabdlet dio dbtgeh preagiest oprechyrildier nore, breakage
of the glass substrate can be caused. On the other hand, when the
vi scosi t yF pEthgamagie « Paieaknde odr Ehei phasarfyebs suptieceentbelchusest on

Shees CONRLE 4 PoRR LR HISD LEY ol 208y 5o BRelTh TSI
caused. Qoi8§o9hlerdligd, SuPFSTHrPREE AL MG tidP $HE6PEYNNOE be
W/) 10 obtained. When greater load is applied for obtaining
sufficient deformation speed, breakage of the glass
substrate can be caused.
On the other hand, a press temperature is preferably
as low as possible in view point of duration of the die
15 and energy efficiency. As preferred press molding
temperature, a temperature close to the glass softening
- point (the temperature where the viscosity of glass is 1.07-°
poise) is suitable. The preferred press molding
temperature is lower than or equal to 700°C, more preferably
) 20 lower than or equal to 650°C, and further preferably lower
) - than or equal to 600°C.
As a pressure for press molding, the pressure in a
‘range of 10 kgf/cm® to 600 kgf/cm® is preferred. Of course,
the pressure is to be variable depending upon viscosity
25 of the glass. When viscosity of glass is high, the
preferred pressure is to be leés than or equal to 100 kgf /cm?.
Even at the softening point of glass, the suitable pressure
is to be lower than or equal to 600 kgf/cm’. If the pressure
is too high, breakage of glass can be caused. In

30 significant case, deformation of the die can be caused.



as low as possible in view point of duration of the die 15 and energy
efficiency. As preferred press nolding tenperature, a tenpgratereschose to
the glass softening point (the tenperature where the viscosity of glass is
1.07,6 poise) is suitable. The preferred press nolding tenperature is

| ower than or equal to 700C, nore preferably 20., lower than or equal to
650C, and further preferably |ower théh or equal to 600C. As a pressure
for press nolding, the pressure in a range of 10 kgf/cnm2 to 600 kgf/cnR is
pref er r ed InOvicompeint bife gfifeissliencys otfo niel dangabke pepandtagcupse
viscosity 25 of the glass. Wen viscosity of glass is high, the preferred
pressure it o Bd 1ieal i prASsULISEKt teausdnggbreakageveh bhetddassft eni ng
poi nt of Iass{j t he éuitgbl pressure. is to be |ower than or egual to 600
kgf /cne. [%% A& pPR8%ar ePUCe (ot HiGRL Bressiyes ofayl s ¥edcaused. In
30 signi f eaiir GRSFtafelor mation of the die can be caused. 11 Cctober 2005
- 25 In viewoint of éfficiency of nolding, a pressure close to a
critical presshiveoialimquss thd pereger dnddetabass thprbasuged £euch
critical pressure may be derived experinentally. 5 According to the
present | B¥&RS grpldhngppdsdhit agiass pubsstmmtdi of thet kgt assmbalbstrat e

of the disk_menber. hayi t he shaft shaped portion at the center portion,
i ncl udes ﬁvdﬂ;%rtla?e?ﬁé%&ov%}aﬂ?‘g, PRr iR Akdithee ARRLCRADPEY 195 haf t

LT TS, ShEARRIAS Oy gl A, L1y SUBLL ol e Rl cilo el o1
hei ght. Ahgeing sushaFt @drmbng068d porthesRit fo¥ming vk esREL On
) 10 shaped portion, and a height restricting plate serving as
aheight restricting member for restricting height. A gas,
such as air, enclosed in the shaft forming hole portion
by glass material placed on the through hole of the
intermediate die may be discharged through a gap between
15 the intermediate die and .the lower die according to-
'penetration of softened glass intoc the shaft forming hole
portion. Therefore, upon molding, no gas will resides in
the shaft shaped portion to mold into accurate shape.
Furthermore, in order to avoid residual gas, such as
) 20- air, surface roughness in the contact surfaces between the
intermediate die and the lower die is important and is
preferred as rough as possible in the extent not affecting
for precision in dimension of design, preferably greater
than or equal to 0.1S. On the other hand, during the
25 molding process, the press pressure for filling the glass
. material into the through opening for‘forming the shaft
shaped portion is preferred to be as low as possible for
- facilitating discharge of gas, and desirablﬁr lower than

or equal to 100 kgf/cm?.

.30 On the other hand, according to the present invention,



. by glass material placed on the through hole of the internediate die may be
di'scharged through a gap between is the internediate giepapgnthesbower die
according to penetration of softened glass into the shaft form ng hol e

- portion. Therefore, upon nolding., no gas will resides in the shaft shaped
portion to nold into accurate shape. Furthernore, in order to avoid

resi dual gas, such as 20" air, surfac 6r"oughness I n the contact surfaces
between the internediate die and. the lower die is inportant and is

pref err edaatol @ualy peodssiod enkNdibr WXtBNEn8UnAEE eHaPga OFLPBRCI Si on
I n di mension of design, preferably greater than or equal to 0.15. On the

ot her haneémpdwysgthhe f25amd thggppescestiet heTlpe eg3apsessitterial filling
the glass,_ . material into the through opening for formng the shaft shaped
portion i 8ayidied 64 nenlRr sse¢bhorsipogsidbrectdon pgainandicngagi €ohar ge
of gas, and I rably. | ower .t han or_equal .to 10 f/lenR. .30 On_the other
hand, acc%r ﬁgﬁ%etrg%[’%%s Sr%‘ié’rﬂ"%%%e%t’ig%‘ﬁ?lﬁ“@p%g‘g'r S%@é):? -lr?]é“-ilﬁgrrpl di ng
process Oh gl Br Wb tlit, AL CRRARIULIROELEOBN AP AYimi A h1R00! NG
press die. The glass material “having a circular sectiontn a~direction

per pendi cpbatt itan , & meexampié s AillehavbNggaakevahterd a0 yshapeseac! udi ng
.5 a circular_ section greater than the shaft formng hole portion, for
exanmpl e, §phdachligphes hiwlerpeechajiare esrdentuyitddiy itateebngtilyr eci si on

concentricjty. between_the shaft shaped portion and the di sk nmenber_in the
nol ded pf"'h & SRAPGEi PeTHhaRy %augg’teel‘i/)l%]ﬁt@ﬁ?‘?&rt R e efotdedi s of

Bnhet ﬁgagz %grgﬁr‘i?g}g ﬂ;%' £aBTL QN ANY HRSGEN &y AhEcndng Hge 9basT st erial .
n , ‘upon press
{_) 10 axis of the shaft forming hole portion and the center axis
of  the glass material. On the other hand, upon press
molding, by uniformly distributing the glass material
- radially from the center axis, the molded product with high
circularity can be obtained.

15 Furthermore, by providing chamfering process, such
as fillet process and so on at least on the side where the
glass material is mounted, in the shaft forming hole
portion of the intermediate die of the press die, contact
between the shaft forming hole portion and the glass

) 20 material can be stabilized to facilitate high precision
concentricity between the shaft shaped portion and the disk-
member in the molded product.

On the other hand, by adapting the mass weight of tﬁe
glass material, shapes of respective dies, dimension of
25-.the height restricting plate and so on to the final
dimension of the disk member, the molded disk product
having the disk member and the shaft shape portion can be
obtained at high precision only by press molding.
Furthermore, a plurality of press molded products can be .

30 formed simultaneously through one cycle of press molding



nol ding, by uniformy distributing the glass material' radially fromthe
center axis, the nolded product with high «circularity)can-bsreOpPtaomned-. 15
Furthernore, by providing chanfering process, such as fillet process and
so on at least on the side where the glass material is nounted, in the
shaft formng hole portion of the internediate die of the press die,
contact between the shaft form ng hol€ portion and the glass 20 materi al
can be stabilized to facilitate high precision concentricity between the
shaft shapeempotionn and the disk nmenber in the nol ded product. On the

ot her hand, by adapting the mass weight of the glass material, shapes of
respective di e9thdéineeRieatss angb feaatucegif ridwe rpresaytpliatemhiiono on to

the final di si on of the disk _nenber, the_nolded disk product having the
di sk rrerrbgrllx "t%‘@“%h%??%ﬁ&?%fﬁ&“i i a1 penbghigerdF AR Bidci sion
only by pges | ki 4 a.pl | i S oduct s
can’be 300 or n o e P RAseo B the s b¥ aRbrRly Al B e 1]

Oct obegy 2005 - 27 operation. Oher objects and feature of the present
invention will becone apparent from several enbodi ments which will = be

expl ai ned (Hiigst Frbeddmend X he acconpanyi ng drawi ngs. 5 (First Enbodi ment)
Fig. 1is a sef.t,ion showi ng the first enbodi nent of a press die for

i npl enent i ng a® fdl-dilng oo &&Et bPnashosdngy ke of Sratt eobaddgRt t 95n
(outer di amBelsdlall Yo UhpPBrbhtidd £9nd18Tho?pkYELETe'S §188 ™ 2
with a shaft shaped portion {(outer diameter of disk portion
[} 10 is 25.4 mm, a thickness is 0.38 mm, a diameter of the shaft
portion is 4.0 mm, a length of the shaft portion is 1.5
mm), Figs. 2 to 5 are explanatory illustrations showing
" the molding process. |
As shown in Fig. 1, the press die as the first
15 embodimentforimplementingthenmldingprocess(ﬂfthedisk
with the shaft shape portion, accor_ding to the present
invention, is constructed with an upper die 1, a height
restriction plate 2 serving as a height restriction member
for restricting height, an intermediate die 3 provided with
) 20 a shaft forming hole portion 3a for forming the shaft shaped
portion 12 of a molded product 11 at the center, and a lower
die 4.
The upper die 1 and a lower die 4 have protective films
formed of noble metal alloy on a surface of a hard metal
25 having a diameter of 30 mm in the press portion. The
surface of the protective film has a surface roughness Ra
of 0.5 nm and flatness of 0.2 pm.
On the other hand, the intermediate die is provided
with the shaft forming hole portion having a diameter of

30 4.0 mm. On the surface of hard metal of 1.5 mm thick, the



. portionis 4.0 nm a length of the shaft portionis 1.5 mm, Figs. 2 to 5
are explanatory illustrations showi ng the nolding processctfseshogwsin
Fig. 1, the press die as the first 15 enbodi nent for inplenmenting the
nol di ng process of the disk wth the shaft shape portion, according to the
present invention, is constructed wt gy upper die 1, a height

restriction plate 2 serving as a heig restriction menber for restricting
hei ght, an internmediate die 3 provided with 20 a shaft form ng hole portion

3a for foprorgdthershafimshepred pF Hdllid n@fad gPEediR edéstiddgat the
center, and a lower die 4. The upper die 1 and a |lower die 4 have
protective fillerefolhedetemahlietihickinesd of theslsaf f doeroing hatel net al
25 having a di,ameter of 30 nmin_the press(fortion. The surface of the

prot ect | vVEOTTFIAThAre deFerrdnsslighResonRiderabignyptaddierdahess of 0.2
On th . . | [+ di-e, i i,ded ith th haf
Pormng norSinkadleh chacghAbe BREA pid fafsq R e, i Bngedh or

form ng hol e por n-havin aneter

hard ret allegfigh valued Nkn the %_r?é&mr 2892 suBb8tritdd ‘gﬁt%ﬂ k! m
formed of noble netal alloy is provided. ﬁ%re, di anet er and thickness of

t he shaftshafii sjpdmpt@ peottioon are determ ned in consideration of thernal
shrinkage of the glass during nolding and thus has greater 5 design val ues
than the targdt@Br§ridons @fstdipengion tve thewmael spapaakage igan be

ot B PR, By B Y SRR i S B e ™
correcti ofrC88hRE parameters. Final correction can be
BEETE experimentally adjusted adapting to the molding condition.
In the press die of the present invention, the upper
die 1 and the lower die 4 are respective members for press
molding of an upper surface (information recording |
surfacé) of the disk member 13 of the molded product 11
15 - and a lower surface (thrust surface) of the shaft shaped
portion 12, and are of convex shape with pushing portions
la and 4a and flange portions 1b and 4b having slightly
greater diameters than those of the pushing portions la
and 4a. The pushing portions la and 4a are adapted to

20 - engage with a hollow portion defined by the height

'/‘J
"\_'/I

restriction plate 2 in vertical direction. Furthermore,
the height restricting plate 2 is a cylindrical member for
restricting height of the disk member (thickness of the
disk is 0.38 mm) and is formed into an annular ring shape
25 formed of hard metal. The intermediate die 3 is disposed
within the hollow space of the height restriction plate
2 to clamp between the upper and lower dies 1 and 4. By
abutting the flange portions 1b and 4b of the upper die
1 and the lower die 4; movement of the press dies in the

30 height direction is restricted. Therefore, by the height



10 experinental ly adjusted adapting to the nolding condition. 1In the press
die of the present invention, the upper die 1 and theiiowetocdte Ao@se
respective nenbers for press nolding of an upper surface (information
recordi ng surface) of the disk nenber 13 of the nolded product 11 1 5 and
a lower surface (thrust surface) of the shaft shaped portion 12, and are
of convex shape wi th pushing portions “1 4 and 4a and fl ange portions Ib and
4b having slightly greater dianmeters than those of the pushing portions |la

and 4a. Thegwsitrgngahémbbs ba 8Rd fRiekecdapiFedHOmANLNIAISINELED a
hol | ow portion defined by the height restriction plate 2 in verti cal

di recti onllFurs hdefibned. the height restricting plate 2 is a cylindrical
menber for restricting height of the disk nenber (thickness of the disk
is 0.38 m) andDi §PFoPREFS %Fdi St dhrinreseny SRYpBtIDT oy REFCHEr d

metal . Thg . jate.die 3 is disposed .wthin the hollow space of the
hei ght re@?%&ﬁﬂéﬁ?%?a %ngt%ép %ﬂggbéﬂmﬁﬁgth%'usﬁefiﬁﬁfrp F dies 1 and
4. By 5 abyhidcdinddfatbange BOld sl Pe@Ndndbnaf 1bRe1URPES 41l e THeRNd the

| ower die 4, novenment of the press dies in the 30 height direction iIs

restri ct etheTherieflor esedyribe inej gitatld Dot@bare00ct ity Heebdhit cisng
menber 2, the thickness of the nolded product 11 is defined. In the press
di e of thEOpNdEhtSYRveHPAdmY fidre ppushingoPHiniglemeddi o, taxe skwerin Fig.

2, at fi the 5. i iate die 3 i t the.| die 4. Then,
the-hei gniPect Akt POEL PRSI g} &8, At mg Mo G PTe oMt

surroundi i .t P a4 ot er medi at e
die 3 ol one SUUS! SPnRRId AN Safl YiadOURkter 814 AN hilR1h

/10 borate silicate type glass (softening temperature 600°C)

is placed on the shaft forming hole portion 3a at the
central portion of the intermediate die 3. At this time,
the height restricting plate 2 is designed to also serve
as a guide for the pushing portion la of the upper die 1.
15 Then, such set of the dies are mounted on a stage 6.
Thereafter, a stage 5 is lowered to abut onto the upper
die 1 to apply a load of 50 kgf for clamping the dies by
the stages 5 and 6.
Then, temperatures of the stages 5 and 6 are elevated
"y 20 by heating with heaters 7 and 8. Thus, the upper die 1,
the‘intermediate die 3 and the lower die 4 of the press
die is elevated up to a temperature of 600°C near the
softening point to perfoxﬁlmolding of the glass material
10. After reaching 600°C, the stages 5 and 6 are maintained
25 in place for 5 minutes. Thereafter, a load is increased
up to 5000 kg during a 3 minutes period by means of a press
9 to pressurize the die for press molding.
Subsequently,‘the heaters 7 and 8 are turned OFF and
the load is lowered to 1000 kgf. The stages 5 and 6, the

30 upper die 1, the intermediate die 3, the lower.die 4 and



- conpressed spherical shape glass material of alumno 10 borate silicate
type gl ass (softening tenperature 600C) is placed on {hegcshabtfondmE ng
hol e portion 3a at the <central portion of the internediate die 3. At this
time, the height restricting plate 2 is designed to also serve as a guide
for the, pushing portion |la of the upp%r_die 1. 15 Then, such set of the
dies are nounted on a stage 6. Theredfter, a stage 5 is |lowered to abut
onto the upper die 1 to apply a |load of 50 kgf for clanmping the dies by

the stagethB glchss rldeeribdmMmer it e6obllcihacsinaes & 3p¢a R Alevat ed
20 by heating with heaters 7 and 8. Thus, the upper die 1, thé
i nt er nedi hewpgivatBusmodft Hd 0°Guer Tiiem A tife Ibedpieskoweeedstel Bvaigd, up to a

tenperature .o hGOOCiaFgT th softening point to performnolding of the
gl ass mat 3Pate FPldpdprrduatisgrsosemavied stagesenpea@taize davwamt ai ned

25 in pl or. 5 ] es. cafter, aload is increased up to 5000 kg
during aagﬁﬁgnﬁ?ééﬂgg¥iogob§Qﬁ£ Hs of a press 9 to pressurize the die for

press snol di ng. pEubsequedting ddie fipst B! Sodvants 8paf¢ ol & ity the
load is | owered to 1000 ké%? The stages 5 and 6?‘pthe0 30 upﬁériﬂ?gﬂﬁ, t he

i nt er redi @eldseBchambdnearrdimdedny dlcdxingdard 280bhe Bilke tdivleyt ass
material 10 are cooled down tQ a strain point tenperature of 440C. Then,

the | oad TReFonatapPaRfPepekdillahdvite piitaauen od¥i tragenr dipedl at a
e et o 00, B FL SR IR
li ke undafo tRatt pHdEsPh6LA kg |@h WhENpRIHFAgRIm Mot L9ge, to be
() 10 environment.
By the foregoing molding process, the glass material
10 is formed into the shape set on the mold as the molded
product shown in Figs. 4 and 5. Dent due to presence of
the residual air in the shaft portion and dent even in the
15 . disk portion due to presence of the residual air will never
appear to obtain the disk with the sharft shaped portion
with high precision. On the other hand, the surface.
roughness of the press surface of the upper die is
transferred precisely so that the surface roughness Ra of .
“)_20 the information recording surface of the disk portion was
0.5 nm, and the circularity was 25 pm which falls within
the térget_range of 30 pm. On the other hand, the flatness
of the disk portion was 1 pm which falls within the target
flatness of 2.0 pm. Furthermore, the concentricity
25 between the disk portion and the shaft portion was 2 pm
as targeted. Thus, the motor shaft falling within the
_target range can be obtained.
As a result of the foregoing process, the press die
for implementing the press molding process of the disk with

30 the shaft shaped portion, according to the present



filled in the nolding chanber is filtered for dust control so that press
nmol ding can be perfornmed in clean 10 environnent. By the 55¥5%g§ gl di ng
process, the glass material 10 is forned into the shape set on the nold as
the nol ded product shown in Figs. 4 and 5. Dent due to presence of the
residual air in the shaft portion and dent even in the 15 disk portion due
to presence of the residual air wll-rdver appear to obtain the disk with
the shaft shaped portion wth high precision. On the other hand, the

f . fs f h .dig i f d
orec sel y g I ne % SR E g hER BEEnin b ASlRIAR £ dhe MALETT G g

surface ofrelshaiditskngqsiaea $asth8. PnPErmeed 44 £id ClA{d tthdaSwer PM
which falls within the target range of 30 pm On the other hand, the

flatness dde thhadipkepenti aesdabudl pgashi shchalds adthom the tlanges
flatness of 2.0 pm Furthernore, the concentricity 25 between the disk
porti on aR® the {A& esbmeBhioRsof bhe shafdy Jowainghbole PontiQr shaft

falli it hi he, _target. range.c be obtained. As.a resylt of the

f or egg!?n\é\h%r &%e%s%htr e“%? é%%fﬁi af %g‘? i P&?é%fﬁﬁﬁet prérepr%eg:é’ r?gﬁttfr]rfb
rocess o h ' it hafit t) a | t he
Bresent 1?L:h%c (]):gblés?(éd(gﬂOlS&?d%rB?ﬁ\%n?iloﬁ,%%ﬁoﬁg‘%r%gtagg \%A%?ﬁ%tér}%ltéé%er die
1, the hewghh pmstiselyn@grprsifelrihethet erieedi ate die 3 and the | ower

die 4 to prevent residual gas, such as air or the like, in the tip end
portion of theTBAaPresa njnens isey tham Begn dd lshratgh lRaidk of the

i digte die tpo optain the press nol de duc 1 havi ng. t he shape
:,;S“ g;g?gngascusse?ﬁ £n %edms o tlﬁ)e SISIOWII emq)c%fmentt aviang he P

Kw) 10 height restrictingplate 2 incylindrical member. However,
it should not be specified to the shape and arrangement
as the hollow ring shaped member set forth above. For
instance, it is possible to arrange the height restricting

~plate 2 between the pushing portion la of the upper die
15 1 and the pushing portion 4a of the lower die 4, to arrange.
the intermediate die 3 on the lower die 4 to mount the height
restricting plate 2 thereon, or to mount the intermediate
‘die 3 on the lower die 4 and to provide an appropriate guide
means between the upper die 1 and the lower die 4 to provide

{*) 20. only guiding function without restricting the height for

contrelling the height by detecting the height between the
upper die 1 and the lower die 4 by means of a distance sensor.
On the other hand, even in various embodiment, construction

and arrangement of the height restricting plate can be

25 similarly modified.

- {Second Embodiment)
Figs. 6 to 9 show the second embodiment in the press
die for implementing the molding process of the disk with

30 the shaft shaped portion according to the present invention.



. wWith precisely transferring the die. The present invention has been

illustrated and discussed in terns of the shown enbod V.
hei ght restricting plate 2 in cylindrical nenber. mm%gfgé C%Eje%%%glnot be

specified to the shape and arrangenent as the hollow ring shaped member
set forth above. For instance, it is p055| ble to arrange the height
restricting .plate 2 between the pushi®*#g-portion | a of the upper die 15 1
and the pUShI ng portion 4a of the lower die 4, to arrange the internediate

die 3 on ABeshaws it & (‘jbtoﬁ ”Dé'gk?l&gg Rak g aI e54 di&%f&lgh%%ﬁ \#ereon,

or to nmount the i nternedi ate on the ower de an

appropri aféngshd@l irebasthe! waethealppdapgd e 1 and the | ower d| e 4to

provide 20 only guiding function without restricting the height for

controlling th’@lﬁepg’ﬁts%ﬁn@t@eﬁdngm hehdes ghvnidetemdepd imentupgertidb e 1 and

the lower_die 4 ¥nrre of .a di stance sensor, On the other hand, even in
n

vari ous eﬂE‘SﬁPH@ iendieohe fpug consherctéon ﬁ‘@dhgflﬂﬁtnsrlé%li ricting
pl at e .can 5 € [ 6 to 9 show
t he seconacli (%d|dnsiwaér1nt‘h§‘°511 ﬁoq%iéssgoréégﬁ'%?;d ﬂ?&j ?Btr?)g(]i 2001 di ng
process théb@fdﬂ]:%( Wihieh r@sé Méﬂ%fboﬁmmtob%wr@ﬂ&rﬁﬁé he
present invention. 11 Oct ober 2005 - 32 As shown in Fig. 6, a glass

mat eri al 14awithptbei pusiring pérhishedai aiel titee sphangeapositdon IEe press
die used jn the_second enbodi nent of the present invention has the sane

const r uct ¥ QH&J&%&‘?%n ed ght tIFi%S’EIFécﬁéé%ﬂllhl@ﬁ@ ?oﬁé‘gd‘ﬂkfg first
enbodi ”er!l?esﬂlg FiUF mdibel 5% LEst218I5 UKW L NG Lpper die

) 10 intermediate die 3 having the shaft forming hole portion
3a for forming the shaft shaped portion 16 of the molded
product 15, and the lower die 4 with the pushing portion
4a and the flange portion 4b. Press molding is performed
by placing the spherical glass material 14 of 97.39 on the

15 through hole 3a of intermediate die 3 according to the same
press molding process as the first embodiment.
- In the shown embodiment, the spherical glass material
14 placed on the shaft forming hole portion 3a of the
J'.ntermediatre die 3 of 4.003 mm diameter can be placed the
; “\) 20, center axis thereof matching with the center axis of the
' shaft forming hole portion 3a.

By press molding, the glass material is spread in
circular shape about the shaft forming hole portion 3a at
the center of the intermediate die 3 for molding the disk

25 member 17 with the shaft shaped portion 16 by the molding
surface of the pushing portion la of the upper die 1 and
the upper surface of the intermediate die 3 and the shaft
forming hole portion 3a for forming the shaft shaped
portion. Also, concentricity between the shaft shaped

30 portion 16 and the disk member 17 can be certainly provided.



1 with the pushing portion la and the flange portion 1b, the cylindrical
hei ght restricting plate 2 as the restricting nenber Ifroéebté£C§6 g t he
hei ght, the 10 internediate die 3 having the shaft formng Hore portion 3a
for formng the shaft shaped portion 16 of the nolded product 15, and the
|l ower die 4 with the pushing portion 4a and the flange portion 4b. Press
nmol ding is performed by placing the spherical glass material 14 of 07.39
on the 15 through hole 3a of internediate die 3 according to the sane

press mol fiahid 18f 0CES SsASWNNG o ¥ 5§s MO - 543 Lg thppp erbodi ment,  the
spherical glass material 14 placed on the shaft formng Hole portion 3a of
the intecoadieattericetd bk tdeddid thedsarttersikapetic pplraciesh t he 2& eent er
axis thereof matching with the center axis of the shaft form ng hole
portion 3giamethesd apfdithe diskgremberailtiaf. ai digmedrici B 1sircul ar
shape abo§t tthe aft form hole portion 3a at the center of the

i nt er medi 568 "8 1P MEVE g the di sk 25 menber 17 with the shaft shaped

ti .16 b ' : ' ' | g .qf  t
e 1%nd th el ot SEPITRA 3, LHE BHARCGRiial Bt Min PE VPP

form ng hmbede@ toobhdashapelds Bag obhehshait $NapeariRotdi Be #A Bt
concentricity between the shaft shaped 30 portion 16 and the-di sk nmenber 17

can be ceemBosliyngnbvi deent 1duectobprezinice @8 thenckgidamkhwin in Fi gs.

7 to 9, satisfactory concentrici bet ween t he shaft shaped portion 16 of
a dianet gf‘eAS ki %OHF%QHnQﬁ@eA%Wt ofvendildhdiie ik Pe&HIQh UG chi eved

5 The obt ‘E‘BW&QEEEe"‘éﬂ?htﬁg%é@f&ﬁai@fﬁ%fﬁ?ﬂﬂ@@e}:%ppear to obtain

j, 100 the disk with the shaft shaped portion with high precision.
On the other hand, the surface roughness of the press
surface of the upper die is transferred precisely so that
-‘the surface roughness Ra of the information recording

- surface of the disk portion was 0.5 nm, and the circularity

15 was 25 pum which falls within the target range of 30 pm.

On the other hand, the flatness of the disk portion was

1 pm which falls within the target f£latness of 2.0 pm.
Furthermore, the concentricity between the disk

portion and the shaft portion was 1.5 pm smaller than 2

) 20. pm as targeted. Therefore, the motor shaft falling within

the target value can be obtained.

{Third Embodiment)
In the third embodiment of the molding process of the
25 diskwith the shaft shaped portion according to the present
| invention, the construction and dimension of the press die
is similar to the foregoing first embodiment. The mass
weight of the spherical glass material 14 is preliminarily
adjusted to be equal to the mass weight (528.25 mg) of the
30 final shape of the disk member 17 of the molded product



~nolded to the shape as set on the die simlarly to the first enbodinent.
Dent due to presence of the residual air in the shaft cto qﬂxﬂgnt
even in the disk portion due to presence of the reS| iTOWi 19 ever
appear to obtain 10 the disk with the shaft shaped portlon mnth hi gh
precision. On the other hand, the surface roughness of the press surface
of the upper die is transferred precis¥y so that the surface roughness Ra
of the information recording surface of the disk portion was 0. 5 nm and
the circuharity 15 was 25 }amwhich falls within the target range of 30 um
On the other hand, the flatness of the disk portion was 1 pmwhich falls
within the targat tHeatd’rﬁséroﬁaadO B ShibwhelfDIFe.g ! he, candamid €iéy
bet ween the disk portion and the shaft portion was 1.5 pmsnaller than 2
20. pm astt Qfg‘éhedlntﬁém@rcbr@tetcﬁmenﬁtm thafthiakhiesg Wittdetioheisar get
val ue can g b&ﬁlned Thi,rd Enpbodi In_the third enbodi nent of the
mol di ng pPHERLEGtR hEhe r8igensipr Lo hE hateishaphePsdr Podt R ot 8i ng to

the priesegl ol SHAQE: <hABCONUPE HE! HOLANLAIRNTOD O ibeBIARY die 13

simlar to the Toregolng e nass

spheri cal ﬁﬁbasﬁ;msri Frudfhbemdrel | Nhnaiinkhsiaf uss ed ts@nb%@oalal to the
mass wei ght (528.25 ng) of the 30 final shape of the disk nmenber 17 of the

nol ded pr tHdcknkls OcXbbef 2ﬂe5pushung5p0®mﬂﬂnaInrmi hheduppeshdiw in
Fig. 6, a dimension t of the internediate die 3 in the thickness direction

is adaptéd fotPACkNSEHFoPbf thie POFAYANG ROEBLEBr dRORLLA TS FOWPE fi nal
shape of &ES tg, Sakt[:ﬁ@?(% é‘s7 toz)f trﬁe n:r:f)rllrigéaxqmedlate die and a thickness

j 16 of the disk member 17 of the molded product 15 of the final
shape, is set equal to a height X3 of the height restricting
plate.

As shown in Figs. 8 and 9, by performing press molding
with the combination set forth above, the diameter A of
15 the shaft shaped portion 16 and the diameter B of the disk
. member 17 and respective heights hl and h2 of the press
molded product 15 can be make equal to the dimension of
the final shape. of the disk member 17 of the molded product

15. However, when high dimensional precision is

20 required, correction has to be made in consideration of

—

thérmal shrinkage of thé die material and the glass to be
molded. If further precision is required, correction on
the basis of the result of actual molding experiments can
be made.

25 In case of the shown embodiment, a total dimension
26.880 mm as a sﬁm of 15 mm of thickness of the pushing
portion la of the upper die 1, 10 mm of thickness of the
pushing portion 4a of the lower die 4, 1.5 mm of the
intermediate die 3 and 0.38 mm of thickness of the disk

30 member 17 of the molded product 15 of the final shape, was



product 15. Furthernore, a dinension as a sumof a thickness X1 of the

pushi ng portion la of the upper die 1, a thickness X2 of_ th ushi ng
portion 4a of the lower die 4, a thickness t of the i (§9ﬁ§h%hzﬂ%ﬁk and a

t hi ckness 10 of the disk menber 17 of the nol ded product 15 of the final
shape, is set equal to a height X3 of the height restricting plate. As
shown in Figs. 8 and 9, by perforning 3 ess nolding wth the conbination
set forth above, the dianmeter A of 15 the shaft shaped portion 16 and the

T e R PR A R

shape of &berdicald oremnr theMial hrDhHedebi 8duide ¥or HOVE WBme 1SN hi gh

di mensional precision is 20 required, correction has to be nade in

consi der apfothef dtitsd maltbhthek adsm Ot shepeéide prattetronl obidiitnesd gfmems t o be
nol ded. 1f_ further precisign is required, correction on the basis of the
result of tHBt FATSHA A gMOLENFerPRA&LAOMe made. 25 In case of the shown

enbodirent, a a [ si opn. 26 as nm_qf. t hi ckness of
the pushing oofe; SrtpdH t%lesﬁpggggd@el,sﬁ%tsﬁ%@%péﬁi 20 g:s]s‘_"bfwﬁ_e
pushi ng pebibed 4atdf e émﬁé greAsehy Br-Péshbhaidy EFethatgidi e 3
and 0.38 mm of thickness of the disk 30 nenber 17 of the nol ded product 15

of the fisanidbapjy, tmstié Odraliere@PO8imedd, rarid h@tldwnblt therdeilght of
the restricting plate. Then, correction for thermal shrinkage is nade for

the di mendeBh IBthenghgitdishppadiprrhanduadedesdrduah akk ai febS®rom the
foregoi ng, §p} di 19:168"E LkOBortion, the dent due to residual air did
a;} 100 not appear. Then, the disk with the shaft shaped portion
having target dimensions of external diameter of 25.4 mm
and thickness of 0.38 mm in the disk portion and of diameter
~ of-4.0 mm and 1ength I.5 mm of the shéft shaped portion
can be obtalined.
i5 - ‘On the other hand, the surface roughness of the press
surface of the upper die is transferred precisely so that
the surface roughness Ra of the information recording
surface of the disk portion was 0.5 nm. The circularity
was 25 pm falling within the targeted 30 pym. On the other
i”) 20 hand, the flatness of the disk portion was 1 pm falling
within the targeted 2 pm.
Furthermore, the concentricity between the disk
portion and the shaft portion was 1.5 um smaller than the
targeted 2 pm. Thus, the motor shaft falling within the

25 target dimension could be obtained.

(Fourth Embodiment)
In the fourth embodiment of the molding process of
the disk with the shaft shaped portion according to the

3¢ present invention, the construction and dimension of the



~ 5 The obtained disk with the shaft shaped portion was nolded into the

shape precisely corresponding to the die simlarly to fi,rst

enbodi ment, and did not have the dent in the shaftshd%%gﬁﬁﬁ?ﬁﬁngod% to
residual air. Also, even in the disk portion, the dent due to residual air
did 10 not appear. Then, the disk with. the shaft shaped portion having
target dirmensions of external dianeter3éof 25.4 mm and thickness of 0. 38

~mmin the disk portion and of dianeter of 4.0 mmand length 1.5 mm of the

- oughnesabor P o Flnrialo Bt e £hRe0ahd A SRk 8T

roughnes

so that $HE pUEAGRIgHENBESTHR &hnbhe cdINfPrassi ARteGYMing jsurface of
the disk portion was 0.5 nm The cirtcularity'™ was 25. pmfalling within

t he targepedl3dipmrihyt hd joistezrd 200 banéqudie tdathesmanfs treiglhsk portion
was 1 pn1fa||in% wWithin the targeted 2 pm Furthernore, the concentricity

bet ween the28i-2f bk t9Bnthed fimakhsheprgopfi dheawdkl gk smpmbedaly%eof han t he
t ar get ed m Thus,_ th t shaft fall] i thiin the 25 targef. di mension
coulahe CBERAEAER pbAfER B q henthe) athfs hatie  Eratarhert Tot ne

nmol di ng ce f | | f ﬁ%@@ opti : [ to the
30 preseg%?fnggﬁ?igﬁfQ?ﬁﬂhg%ﬁg%%ggkﬁgﬁﬁgﬁg£ |nen§§8ﬁ %?’?Egﬁ%%g%gto er 2005
- 36 preskedgtass matéaialo dhestharegshagpddipsrembadiveerdt tHEe nass

wei ght of the spherical glass material 14 is prelimnarily adjusted to be
equal to imEermedigdighdie($28.25 ny) of the final shape of the disk menber

17 of
By chamfer treatment, contact between the shaft

) 160 forming hole portion of the intermediate die and the glass
material is stable and it facilitates achieving of high
precision _in concentricity between the shaft shaped
portion and the disk member of the molted product stably.

The obtained disk with the shaft shaped portion was

15 . molded into the shape precisely corresponding to the die

similarly to the third embodiment, and did not have the

dent in the shaft portion due to residual air. Also, even

- in the disk portion, the dent due to residual air did not
appear. Then, the disk with the shaft shaped portion

20 having target dimensions of external diameter of 25.4 mm

and thickness of 0.38 mm in the disk portion and of diameter
of 4.0 mm and length 1.5 mm of the shaft shaped portion
can be obtained.
On the other hand, the surface roughness of the press
25 surface of the upper die is transferred precisely so that
the surface roughness Ra of the information recording
surface of the disk portion was 0.5 nm. The circularity
was 25 pm falling within the targeted 30 pm. On the other
hand, the flatness of the disk portion was 1 pm falling

30 within the targeted 2 ym. Furthermore, the concentricity



5 the nol ded product 15. On the other hand, as shown in Fig. 27, C0.2 of
chanfer treatnent is provided on the side of the glas teri al haf t
shaped portion 16 of the internediate die 3. By cham‘ijr n@?‘é%ﬁ%rﬁgoszont act
bet ween the shaft 10 form ng hole portion of the internediate die and the
glass material is stable and it facilitates achieving of high precision
In concentricity between the shaft sha"ﬂed.. portion and the di sk nenber
of . the nolted product stably. The obtained disk with the shaft shaped

portion Wgstwbean tHY ki POrt DEnshRACLREEEhSS Y potFt £SPORSE ND. $§quhhe die
simlarly to the third enbodi ment, and did not have the dent in the shaft

porti on demaflderesilaml thier .taAtgoted@venpm.n Uhaigl] skhpombitey; diweftent due
to residual air did not appear. Then, the disk with the shaft shaped
portion 262kdingy whElén dheedarget oflimensin aPude: &e gtbbainedm and

t hi ck f 38 mm.in the_disk portion.and of di f 4 d
| ength 1.5 nm BFUCRBHIT ShabRiiBor b L gak et af AT A he of hor

hand, 4 hepsgRLRGe &'9REEBvEa tiE? tHESExtén S 3{15 a5 Of nt %nfﬁ)%&l‘i;ﬁ%e s

transferred precisely so that the surface roughness Ra of the ormat i on

recor di ngwishr ftéee thitbleediddimmehnt on was 0.5 nm The circularity was 25
pmfalling within the targeted 30 p.m On the other hand, the fl atness of
the disk portion was 1 pmfalling 30 within the targeted 2 pm Furthernore,

e conCeRbiLiL ko 542090 2005 | 87 1, betueen the disk portion and the

shaft fallingifhint B8 FAPeL I MBS PP £8ULH PEsRY 3i'q%re Fifth

) 10 embodiment of the present invention is substantially the
same as the die used in the foregoing first embodiment.
The press die is constructed with the upper die 1 having .
the pushing portion la and the flange portion 1b, the
cylindrical height réstricting plate 2 serving as the

15 restricting member for restricting the height, the

intermediate die 3 having the shaft forming hole portion
3a for forming the shaft shaped portion 16 of the molded
product 15 and the lower die 4 having the pushing portion
4a and the flange portion 4b. Press molding is performed

20 Dby placing the glass material 14 on the shaft forming hole

;
A\ s
Ny

portion 3a as the through hole formed in the intermediate
die 3.
As shown in Fig. 28, adifference between the dimension
X2 of the intermediate die 3 in the thickness direction
25 and the dimension X3 of the lower die 4 in the thickness
direction, is matched with the dimension of the shaft
shaped portion 16 of the final shape of the molded produdt
1i. Furthermore, a diménsion as a sum of the thickness
- X1 of the pushing portion la of the upper die 1, the

30 dirﬁension X2 of the intermediate die 3 in the thickness



~Fluctuation of concentricity between the nolded 5 product was inproved in
the extent of 200 in conparison wth the third enbodinent. (Fift

Enbodi ment) As shown in Fig. 28, the press die used iﬁﬂfﬁéjqqqﬁﬁ1gbﬁﬁ

- enbodi nent of the present invention is substantially the sane as the die
used in the foregoing first enbodinment. The press die is constructed with
t he upper die 1 having the pushing pé&dtion la and the flange portion |b,
the cylindrical height restricting plate 2 serving as the 15 restricting
menber fo I cti t he h [ fe | a the shaft
form ng hgﬁgergg%t;t%ngﬂgagf c()i:ﬁ*eg{rgr%?\% ?Eetrih (?fg%ape g)|c‘):“\§:rfi|-;c])n i.:L F t he

nol ded pmeddeld Proddctha 1l ercklh er4nRavidithpdei RUEHANG IPAELH8Es 4a and
the flange portion 4b. Press nolding is performed 20 by placing the glass
mat eri al ddregttihm shid tsébreguglhbdea lpoightnX8aofisthbhertbtatight hode
formed in the internediate die 3. As shown in Fig. 28, a difference

bet ween tR&3&Erension X2 of the internediate die 3 in t he thi ckness
direction 25 d sLop 3 of .the Lower .di n,the thi.ckness
ittt on, o it EhE HVRTHEBeMRn tn AR Hakd STREpEEBHATEN 16 of
the final tshapecal dike @f@%@&fd@%twéén Bd NE1AIBAS1 oft HoTRIISI Qflo s 2
sum of the thickness . of the pushing portion la of the upper die 1, the
30 di mensinheXmeadiabe dmbe@ﬂmhemmedthl&hﬂeémediheckmaﬂsdﬂdCEther 2005
.. 38 direction and a dinension-of the disk nmenber 17 of the nolded
product 19iBension Xdgapfskapeowverikie i dknkbs thiickoeissndireadetorgual to
a hei ght Xﬂtﬁf Ehediﬁnr'Ct'n

ensfon"df the shaft shaped portion 16 of the
\:J _____ 10 final shape of the molded product 11, greater thickness
can be provided for the intermediate die to improve
precision in machining the die. Since the intermediate
die contacts with the‘heater directly, thermal stability
can .be also improved and thus circularity of the disk
15 portion can be improved.
Pressmoldingwasimplementedunderthesamécondition
asrthe fourth embodiment.
The obtained disk with the shaft shaped portion was
molded into the shape precisely corresponding to the die

20 similarly to the fourth embodiment, and did not have the

‘\'*«.,.." /

dent in the shaft portion due to residual air. Also, even
~in the disk portion, the dent due to residual air did not
appear. Then, the disk with the shaft shaped
portionhaving target dimensions of external diameter of
.28  25.4 mm and thickness of 0.38 mm in the disk portion and-
of diameter of 4.0 mm and length 1.5 mm of the shaft shaped
portion can be obtained.
On the other hand, the surface roughness of the press
surface of the upper die is transferred precisely so that

30 the surface roughness Ra of the information recording



plate. 5 In the shown enbodi nent, since it is only required to match the
di fference between the di nension X2 of the internedia{ﬁ di e-3 in(gﬂf

t hi ckness direction and the dinension X3 of the |ower!Hi %R th

t hi ckness direction, wth the dinmension of the shaft shaped portion 16 of
the 10 final shape of the nolded product 11, greater thickness can be
provi ded for the intermediate die to ifrove precision in machining the
die. Since the internmediate die contacts with the heater directly, thernmal

stabi i t ygue#Rde 0¥ Shé "R 8KCHorRd JUsa €16 CYl ARl L YrRE ERecHicidy
portion can be inproved. Press nolding was 1 npl enented under the sane

condi ti onwagas20hgmfvaut th eabiomprentd fhembhal fedrdirs kmbiddiddwt sdved t
shaped portion was nolded into the shape precisely corresponding to the
die 20 sfalildng widhie thaaresbed denim. arn dike withemande et in

t he shaft_portion d to residual air. Also, even_ |n.the disk portion, the

ot “due. ERSERSARAE AP diiERoPor T AL i Feldile withihaihar i

shaped, peégégﬁgg%iggﬂﬁgrget di mensi ons of external dianmeter of 25 25.4 mm
of 0.

and t hi cknes 8 mMmin the disk portion and .of dianmeter of 4.0 mm

and length 1. Buffhefrnide shahe ShapashtpRELGN Bdtteden Obhal dEGKk On the

ot her hand, the surface roughness of the press surface of the upper die is
t ransf er redrpies seid tde tdhmft 'Bort honswasads 5 poysmedsi€Ra Wdian hehe

i nfornmati on re%pr 1 t ober 2005 - 39 surf ace_of the disk portion

ing 1 )
was 0. 5 HATIPRE LT ¢ ar i RS nakhe BofawThat b st atbinde iR tHef ourt h
enbodi Men{ AR+ qimension could be obtained.

g;) 10 Fluctuation of concentricity between the molded

product was equivalent to that of the fourth embodiment.

{Sixth Embodiment)
Figs. 29 and 30 show construction of the die of the
15 sixth embodiment of the present invention, and Figs. 31
to 33 are explanatory illustrations.

In the shown embodiment, in Figs. 29 and 30, the
reference numeral 1 denotes the upper die for press molding
the upper surface of the disk, and the molding surface is -

“> 20 .- flat. The reference numeral 3 denotes the intermediate
die for press molding the lower surface of the disk portion
and the shape of the shaft portion. The intermediate die
3 is provided the'recess treatment equal to the lower
surface of the disk portion at the center thereof. The

25 surface of'the:receSSjportion.is-flat. On the other hand,
at the center of the intermediate die 3, the shaft forming
hole portion is processed for forming the shaft portion
of the disk coaxially with the recess. The reference
numeral 4 denotes the lower die for forming the lower

30 surface of the shaft shaped portion. The molding surface



.faII'i ng wthin the targeted 30 pm On the other hand, the flatness of the

disk portion was | pmfalling within the 5 targeted 2 Furt he e, the
concentricity between the disk portion and the shaft H?%?%‘ﬁj%sidl}% 5 pm

. smaller than the targeted 2 pm Thus, the notor shaft falling within the
target dinmension could be obtained. 10 Fluctuation of concentricity between
the nol ded product was equival ent to 4%hat of the fourth enbodi ment. (Sixth
Enbodi nent) Figs. 29 and 30 show construction of the die of the 15 sixth

enbodi nen, Lals iLon, i . o] [ atory
illustrat %’gﬂfshé P%ﬁlgagh%o%@éﬁgtg&? rns\r(\)?{;l g}lg cglé%g'g r%afamiah %%'O,%e? ﬁaé‘)&%éé erence
nurer al  Indreetas 2tdendpesra ¢ifi de Menth&s FI®dista-i dthenyRANEE nusdree of
the di sk, and the nolding surface is 20 flat. The reference nuneral 3
-denot es th€ itiweerdismk at €lheli gufider nEmssrndl disng theel loweriasgr fshegee of t he
di sk portion and the shape of the shaft portion. The internediate die 3

i s provi d@B%t fd 3R sEhe, datpamedipbe dde e | Fhe fkargacpoattigns di sk
porti @n t (@ t he f h 5,surface. of , t ecess.portion is
flat. %ma‘g’fﬁemé?hg‘g’tﬁe?;% ,_égf_?’ﬁé EuR apvs ei%;%ﬁ‘r‘r&d?&t Ehg 9908 ne
shaft forfignBer?fPOELIN d 51 RyWhRESHI1bA 1 h ¥HE RE 1 ec§!ﬂ§te 4 1 on  of
the disk coaxially wwth the recess. The reference nuiferal 4 denotes the

| ower die for Abrihig tthend ower had giiutr flaz eobf thiee qahiald mbmped porisi on.
The nol ding surface 11 October 2005 - 40 of the lower die 4 is flat. On

t he ot her®RBRESSEtk B¥ference nuneral 2 denotes a gui de member for
restricting the height

) 10 h2 = hl + h4 + H

a height h3 of the intermediate die 3 is expressed
by:

15 " h3 <H, H-h33> t/2

It should be noted that H is a total thickness of the
disk with the shaft shaped portion and t is a thickness
of the disk portion of the disk with the shaft shaped

') 20 portion.

As set forth above, by restricting the height of the
guide member 2 and the intermediate die 3, the molded
product 1l shown in Fig. 30 is molded by surface tension
of the glass material.

25 Press molding is implemented under the similar
condition as the fourth embodiment.

The press molding process will be explained with
reference to Fig. 31.

At first, the intermediate die 3 is mounted on the

30 lower die 4, and the guide member 2 is mounted on the lower



of the disk. The guide nenber 2 is a hollow ring shape and clanps the

i nt er nedi

ate die 3. The flange portions 5 of the upperlgigcgogggh%@(ﬁ%

die 4 abut on the guide nenber 2 for restricting dimension in
direction. At this tinme, a height h2 of the guide nenber 2 is expressed
by: 10 h2 = hl + h4 + H a height h3 of the internediate die 3 is expressed

by: 15 °

h3 <H H- h3 >t/2 It shott d be noted that His a total

| ower
i ght

thi ckness of the disk with the shaft shaped portion and t is a thickness
gdepor tswmrefindhfgdichle Writedhedshabt askaped T2@ RYHdPN=af's set

of the di

forth above, by restricting the height of the guide nenber "2 and the

i nt er medi @ sk éBterhelnbldefl. magsowedghtl (SEBMRS md) g2quali sonohded by
ension of the_glass material. 25 Press nolding is inplenmented

under t he™&SH WH19RbnAf (FRR Beldsd muRdpcEnbsdPiered e thesshabt di ng
process Wigl,.

surface t

i nt er nedi

2 i's munughean die 1 overpidclet MetdPlasslnafbs i41SWg ound

i nt er nedi

ate die 3. The spherical glass material 10 of nass WEIr%h

ate “ﬁgﬁ% %{%&nﬁ%go%f ﬁ‘jhhgé ﬁg’&e‘?’}&ﬁ%‘ﬂ%FEB‘i@%df ![ Sé’ﬁuit&ge menber

e

(528. 25 nimequaihe guilte memtsened gitsofsdivee s sedipaodEtths ywpeed on

t he shaft

.formng hole portion of the internediate die 3. Then, the

upper di e9%€ & pl orR¢ hBrgisss i@t 26 plaped mntbhe stage 6.

10

15

20

- 25 .

30

Thereafter, the stage 5 is lowered until it abuts against
the upper die 1 to apply a load of 50 kgf to clamp the press
die with the stages 5 and 6. Thereafter, the temperaturs
of the stages are elevated up to 600°C by the heaters 7
and 8 for heating respective dies and glass material 10
up to 600°C close to glass softening point. After holding
the stages 5 and 6 for 5 minutes after reaching 600°C, the
load is increased up to 5000 kgf by the press 9 over 3 minutes
to apply pressure to the press die for press molding.

By the die construction of the sixth embodiment ., when
the glass contacts with the side surface in the recess
portion of the intermediate die 3, a reactive force F1'
acts. Further spreading of the glass material in the
direction where glass contacts with the side surface of
the recess portion, is blocked. Then, the glass spreads
in the direction where the glass does notyet contact with
the inner side surface portion of the intermediate die 3.
Finally, the glass spreads over the entire recess portion
of the intermediate die 3 as shown in Fig. 33 to determine
the shape of the molded product 11.

The obtained disk with the shaft shaped portion was

molded into the shape precisely corresponding to the die

‘similarly to the fourth embodiment, and did not have the

5



time, the guide nmenber 2 also serves as guide of the upper die 1. Thus the
press die is placed on the stage 6. Thereafter, the E}qu |s I%ed
until it abuts against the upper die 1 to apply a |l od gf to clanp
the press 1o die with the stages 5 and 6. Thereafter, the tenperature of
the stages are elevated up to 600C by the heaters 7 and 8 for heating
respective dies and glass materi al T0%2up to 600C close to glass softening
point. After holding the stages 5 and 6 for 5 minutes after reaching 600C,

the 15 |Q?Qnt%h'ﬁ[@%‘if‘é%t‘%éft%gﬁod&gftoré:tr]gdﬁEﬁsélg VR <b MRS 1O

apply pressure to the press die for press nolding I € construction
of the siihtleabdilskepdrtdloen, tile: glass @mtmtﬁemahauh@l&i @q@ulrd‘tace in
the recess portion of the internediate die 3; a reactive force FI' 20

act s. FurQle@@aS‘pr edbPpg dihe h@lgkawtrmt@washaﬂ:t rehaipe@ct i on where. gl ass

contacts w t si.de surfac t he recess portion,_is_blocked. Then,
the gl as¥%p égﬂg Vithg h‘éaﬁgﬁgcaﬁﬁl‘?%?%stﬁ £ grisenibdiampede of act

W N ot Ned NShmShflf SHAGEBOT5EO]. 96 WP sl YHATSH & SpdLF B 25 N2l 1y,

t he gl ass spr over the en |re recess poriion rnterne e die 3

as shown g dHgne B3rter de.t@rnml Rhd Uk Fhape, Dt b 'i’fﬁlsdgﬁaErtOQH%behl The
obtained disk with the shaft shaped portion was nolded into the shape

preci sel yp@otienpoadi fe tebthdngide 30 sinmilarly to the fourth enbodi nent,
and did not h%veg%lhe 11 Oct ober 2005 - 42 dent in the shaft portion due to
residual air hande ‘H?%I@%?@?@nroﬁﬁén@é?ﬁ O(fuéihleopir@ﬁsdual air

did not . Lﬁﬁ S ft_sha |onh i_ng target
di._r\rensi OrarE: ext er G e Hg‘k El\éﬂ E_g Eggnst}aerreg rec y SO %¥1 At
L) 10 the surface roughness Ra of the information recording

surface of the disk portion was 0.5 nm. The circularity

was 10 pm which is improved from the fifth embodiment and

falling within the targeted 30 pm. On the other hand, the

flatness of the disk portion was 1 pmm falling within the
15 targeted 2 pm.

Furthermore, the concentricity between the disk
portion and the shaft portion was 1 pm smaller than the
targeted 2 pm. Thus, the motor shaft falling within the
target dimension could be obtained.

) 20 When the recess portion corresponding to the disk
portion is not formed in the intermediate die of the shown
embodiment, if parallelism of the upper die 1, the
intermediate die 3 and the lower die 4 is destroyed due
to allowance in engagement between the upper die 1 and the

- 25 guide member 2, fluctuation of parallelism of the stages
| 5 and 6 and other reason, circularity of the molded product
11 is degraded during press molding operation as shown in
Fig. 32 and localization of spreading direction is cased
to limit improvement of circularity of the disk portion.

30 . In the shown embodiment, the outer periphery of the-



5 25.4 mm and thickness of 0.38 nmin the disk portion and of dianeter of
4.0 mm and length 1.5 mm of the shaft shaped portionuff Q? obt%! . On
the other hand, the surface roughness of the press s ace %ﬁeﬁ e per
die is transferred precisely so that 10 the surface roughness Ra of the

i nformation recording surface of the disk portion was 0.5 nm The
circularity was 10 pmwhich is improvd fromthe fifth enbodi nent and
falling within the targeted 30 pm On the other hand, the flatness of the

di sk port inen a6 prddmdél § i NgsW-bRittitdiea #ﬁyt&&&eféée%fsf@oﬂﬁf&b%ﬁm e,

the concentricity between the disk portion and the shaft “portion was 1 pm
smal | er thhe tintermedebde 2Aiwntdhpermile fmiidieshahpri@ldmagt woEhi n t he
target dinension could be obtained. 20 Wien the recess portion

cor r espon@iA§HiRE ey di SR pbet vdher hpadf obesduse t0f resdmisdiiere die of

t he shown, enbaodi ne i f_paralleli of the upper die 1, the internediate
die 3 andbghgmeoﬁ@lf%ﬁ é"ﬁrﬁoﬂegppoggﬁ Fhatt cﬁgfl‘ﬁ)% REE GO Rfaddient

bet vean tBg+URRRIa o laad LORBAGULE, eén EhaChyald Q.95 on
parallelismof the stages 5 an and ofnher “reason, circularity of the

nol ded praddctthel lshafdegobadddriu § ng1pbeSaapMiwbdag operation as shown in
Fig. 32 and | ocalization of spreading direction is cased to limt

i mprovenent of circularity of the disk portion. 30 In the shown enbodi nent,
t he outer peri ry,.of the 11 October 2005 - 43 nolded product 11 is
restrict el Byegﬂglﬂgﬁggélﬁﬁpﬁﬂon of the intermediate die to permit further

I mprovement ofg; GLr cWl @Aty 3§Nshie P sOP0E e nP eSS AEn e B d ON
() 10 present invention.

As shown in Figs. 34 and 35, the construction of the
press die for performing press molding is similar to the
sixth embodiment, and the molding process is also similar
to the sixth embodiment. Dimensions of the heights of the

15 guide member 2 and the intermediate die 12 are as follows:

The height h2 of the guide member 2 is expressed as

follow:

h2 < hl + h4 + H

()20

The height h3 of the intermediate die 12 is as follow:
h3 = H

25 It should be noted that H is a total thickness of the
disk with the shaft shaped portion and t is a thickness
of the disk portion of the disk with the shaft shaped
portion.

By this, as shown in Fig. 35, the guide member 2

30 performs only guiding of the upper die 1, the intermediate



by the shaft portion and the shaft shaped portion of the 5 internedi ate

~die, concentricity between the disk portion and the syffécgg%téqg 6§ al so
i nproved. (Seventh Enbodinment) Figs. 34 and 35 show t he  séven i en%odinent

of the 10 present invention. As shown in Figs. 34 and 35, the construction

of the press die for performing press nolding is sinmlar to the sixth

embodi nent, and the nol di ng process i$4also similar to the sixth

enbodi ment. Di nensions of the heights of the 15 guide nenber 2 and the

i nt er medi gt [ 2 1 al£ I : ' -Qf g}ﬁj ' Agpber 2

IS expr esggg gsgnfa ofﬁgwl%ﬁvzélg dhf[)g\ﬁ,; heg {&&P%%g%g&ﬁé‘?l&t giot#éj{t‘?he -

i nt er nedi ebatdict WA tits e fFaldmye pukEidh 25f lthshgpperheiaated mhag , His a

total thickness of the disk with the shaft shaped portion and t is a

t hi cknessthef uppedi dkepdr Bort Hfwihk ghek witermadishaf tdighapetio portion.

By this, gs,shown in Fig. 35, the gquide nepher 2 30Q perforns_on] ui di ng

of the upferedmine the,dimerisiriick bhemelaane Poagsct 44 Tnbe kahild t he

| ower di eq4 ess nol ding and does. not contact with the fl ange

portiéﬁ o?lf%g&ﬁﬁgg? die 1. Then, the upper die 1 abuts with the

i ntermedi ate dpfedst moldeley BPErabeodl FRRs it Mrh88 TRUEMG iR(Ooyet 11 in

height 5 direction. Press nolding operation wad perfornmed under simlar

condition as the sixth embodiment.

In the shown embodiment, the outer periphery of the
molding product 11 is restricted by the recess portion of

10 the intermediate die 3, and the shaft portion is also

R

restricted by the shaft shaped portion of the intermediate
die. Therefore, circularity of the disk portion and
concentricity between the disk portion and the shaft
‘portion can certainly be achieved. Also, with the
15 dimension of the intermediate die 3 in the height direction,
dimension of the molded product in the height direction
can be determined.
The obtained disk with the shaft shaped portion was
molded into the shape precisely corresponding to the die
ii) 20 similarly to the fourth embodiment, and did not have the
dent in the shaft portion due to residual air. Also, even
in the disk portion, the dent due to residual air did not
appear. Then, the disk with the shaft shaped
portionhaving target dimensions of external diameter of
25 25.4 mm and thickness of 0.38 mm in the disk portion and
of diameter of 4.0 mm and length 1.50 mm of the shaft shaped
portion can be obtained.
On the other hand, the surface roughness of the press
surface of the upper die is transferred precisely so that

30 the surface roughness Ra of the information recording



condition as the sixth enbodinent. In the shown enbodi nent, the outer

peri phery of the nolding product 11 is restricted by e.recess I on of
10 the internediate die 3, and the shaft portion is alig PesPrTEt @6%y t he
shaft shaped portion. of the internediate die. Therefore, circularity

of -t he di sk portion and concentricity between the disk portion and the
shaft portion can certainly be achiev/d.” Also, with the 15 di nension of
the internediate die 3-in the height direction, dinension of the nol ded

pr oduct Igu&ffeaéte'cg@ttﬂér@fékOﬁoﬁ%rpw@tﬁr51 ARd- The ehtlpegdrgighk with
t he shaft shaped portion was nolded Into the shape precisely correspondi ng
to the di was200spm Watlch tis tmprowsdht eonotheedt £ tandmtiol eénbaxedt he
dent in the shaft portion due to residual air. Also, even in the disk
portion, fhdldam wiihin theithrgeted d0dmot OHpitie%rotlThErhatlﬂe thek with

t he shaft ed po tlonh v| pg target di nensions_of _extern, ter of
25 25, 4 n#i&'?t%‘ Bk3gomhian (#@s g sRmpSF‘EL#&’n’lgar‘rﬁaﬂbt“dgﬁﬁeter of

nntof the shaft shaped portion can be obtained. On
ﬁ*ﬁ’%@% :

the ot rface roughness of the press surface of the upper

dieis transfeFﬁQ@h}éfx&fd:.S@l ytEe JniicedPriba tsuriaepeeauamresdidia of the

I nformati on recording 11 Cctober 2005 45 surface of the disk portion was
0.5 nm Th@nﬁhqnnandtyhewahaﬁlrpmnmioh wsrd nriovesméddmrt Hehdn f the
enbodinen% and II| Wi t hin the tar eted 30 pm. On the other hand, the
f1at ness 5fTH rtioHfasth T iskafift hpkling withinetha 2 pm

target dimension could be obtained.

(Eighth Embodiment:)
Figs. 36 and 37 show the eighth embodiment of the
present invention.
As shown in Fig. 36, construction of the press die
15 for performing press molding is substantially similar to
the seventh embodiment and the molding process is also
similar to the seventh embodiment. Comparing with the
, intermediate die 12 in the seventh embodiment, the
intermediate die is divided into an outer frame and a bottom
) 20 frame. A diameter of the bottom frame is determined to
be equal to a diameter ga of the disk. The intermediate
die is constructed with the bottom frame 13 having height
dimension determined to be equal to the height of the shaft
shaped portion oftjmamoided.product, and the outer frame
25 14 (h5 = H) determining the height dimension to be equal
to the height'of the molding product.
The press molding is implemented in similar condition
as the sixth embodiment.
In the shown embodiment, by dividing construction of

30 the intermediate die, machining of the recess becomes




Furthernore, the concentricity between the disk portion and the shaft

portion was 1 pmsnaller than the targeted 2 pm Thuﬁtlﬁﬂg%ﬁﬁéﬁﬁﬂﬁﬂ9ft

falling within the target dinmension could be obtained.
Enbodi ment) Figs. 36 and 37 show t he ei ghth enbodi ment of the present

dnvention. As shown in Fig. 36, construction of the press die 15 for

performng press nmolding is substantidléy sinilar to the seventh
enbodi ment and the nol ding process is also simlar to the seventh

Cbod mont " CREY it BF e At | AL MR A1 o2 ol R RENEA ke

bottom 2g1&naTef ofmditaBai Bb1ef ahiHROEE 8B hIPHE the 88kerpaed pherpe equal
to a dianeter oa of the disk. The internediate die is constructed with the
bot t om f r e relfR>wy ip1p das g lite calnes rsa oy el eeguiactd precegiiah ¢ant he

hei ght of the shaft _shaped portion of the nolded product, and the outer
frame 25 2% @fHie¥gddet ermining the height dinension to be equal to the

b o, *he PRLBE A Sl e BT bR BT
constructhgndeld 3o e isHepaedhats 18, dBERL8pBAAAhd NS rareBibecones
11 October 2005 - 46 wunnecessSary to require only machining for snoothing
of pl anesimdad@matliyrtdiotlee afolapt-hcesdicdimént heandt didpacitpherye the
Therefore, process becones easy and required precision can be achieved.
dent in the shaft por%ion.due to residual air. Also, even
in the disk portion, the dent due to residual air did not
(. 10 appear. Then, the disk with the shaft shaped |
portionhaving target dimensions of external diameter of
25.4 mm and thickness of 0.38 mm in the disk portion and
of diameter of 4.0 mm and length 1.5 mm of the shaft shaped
portion can be obtained.
15 On the other hand, the surface roughness of the press
surface of the upper die is transferred precisely so that
the surface roughness Ra of the information recording
surface of the disk portion was 0.5 nm. The circularity
was 10 pm which is improved;from the fifth embodiment and
') 20 falling within the targeted 30 pm. On the other hand, the
flatness of the disk portion was 1 pm falling within the
targeted 2 pm.
Furthermore, the concentricity between the disk
portion and the shaft portion was 1 pm smaller than the

25 targeted 2 pym. Thus, the motor shaft falling within the

target dimension could be obtained.

(Ninth Embodiment)
Fig. 10 is an exploded general section showing the

30 press die in the ninth embodiment of the present invention,



5 The obtained disk with the shaft shaped portion was nolded into the
shape precisely corresponding to the die simlarly teithetbadtrt D005
enbodi nent, and did not have the dent in the shaft portion due to residual
air. Also, even in the disk portion, the dent due to residual air did not
- 10 appear. Then, the disk with the sh gt shaped portionhaving target

di mensi ons of external dianmeter of 7254 mm and thickness of 0.38 nmin the
~disk portion and of diameter of 4. 0 nmand length 1. 5 mm of the shaft
shaped pg{dipPagean ihe Pt ngde ExdInideosyhen landrathensuoifadhe
roughness of thé press surface of the upper die is transferred precisely
so that nidiedsugf peawcemghness Ra of the information recording surface of

the disk portion was 0.5 nm_The circularity was 10&31 Whi %h i's inmproved
fromthe fiftRembavpedn 20 A8 Ghol i t BPR PRES ;%%?e %30 p.m On the

U oot oa Stnl SRentitid Tie S ihEE ShESEMA O bt ¥he ROLhThd Broddden he
the spaft cge{,g}aggl%@% t%ﬁ;%”b%@érﬁ'f id@enthen 25 tengerette@mwifdhus the

not or “shatt In“the target dinension could be obtained. (N nth
Embodi nenigpérgdild 15 wavenp edqsughiagalpasciomn2ihownd a hBlaggepr ess
die in the ninth enbodi nent of the present invention, 11 October 05 - 47
and Fi gs.pdttionl®ldr e axpvasadnical| hedakt FRSbrickd KU hG é 0Cess.

As shown in Figs. 10 to, 13, the pr .die for I tisng: i nth
enbf,di nen"-lte’éV!i-%%e arﬁ)ltbfﬂ'@hfir TES fgiﬁ.lnlg melber @b%%éﬂﬁé@fn@'
height of the die, an intermediate die 23 provided with

10 a plurality of shaft forming hole portions 23a for forming

|
p-

shaft shaped portions 32 of a molded product 31, and a lower
| die 24 formed with a pushing portion 24a and a flange
portion 24b.
In the ninth embodiment of the press die according
15 - to the present invention,. the upper dié 21 and the lower
die 24 have protective film consisted of noble t_netal alloy
on the surface of hard metal having a press portion of 110
. mm diameter. The surfaces of the upper die 21 and the lower
die 24 have surface roughness Ra of 0.5 nm and flatness

20 of 0.5 pm. The upper die 21 and the lower die 24 are

I“\_/‘

désigned for forming an upper surface of a disk member 33
and a lower surface of the shaft shaped portion 32 of the
molded product 31. Upper die 21 and lower die 24 are convex
shapes respectively including the pushing portions 2la and
25 24a with flat molding surfaces and flange portions 21b and
24b having slightly greater dimension thar} the pushing
portions 2la and 24a. On the other hand, the height
restricting plate 22 (dimension: 26.880 mm) is a
cylindrical member for restricting height, namely the

30 thickness of the disk member 33 of the molded product 31.




.5 according to the present invention is constructed with an upper die 21

havi ng a pushing portion 2la and a flange portion 21b, l.i ndrj.cal
hei ght restricting plate 22 serving as hei ght restriggiﬁﬁﬁﬁgﬁﬁé?qﬁﬁ,
restricting height of the die, an internediate die 23 provided with a
plurality of shaft formng hole portions 23a for formng shaft shaped
portions 32 of a nolded product 31, -ad8 a lower die 24 forned with a
pushi ng portion 24a and a flange portion 24b. In the ninth enbodi nent of

t he pres | ggg | : . d nventi : % £ 21 and
t he Iowe?rﬁ%?ne Rﬁg%/%ggrrci)?g:]tqﬁ/gﬁf%%%tﬁs% sr%_t gglc])'f%ggmé et e%dl%loy on
the surfagpambpshend 1etarmbaMidiee @iy ©35. PO howtafidd GHenufippeetera The

~surfaces of the upper die 21 and the lower die 24 have surface roughness
Ra of 0. 5lLoweanendlaf idss 120i ghtOréspmictimgpiate iz 2 dbhe¢ fHangswer die

24 are desigr_led for formng an upper surface of a disk nmenber 33 _ and a
| ower surP@EEignst Rdbsprd: 2 Pasédtg& ppeeBdis 4lhanddihgedgsresase 31.

Upper _di 1 and | ower di 4_are convex . chivel y 4 nelydi ng the
et g pafe ineendiit ok $ue pd G AR Tl o ESRECRIY RN T 4
portions 240+ pRetedP ASMAGFSEEINLLY tHEAET gRItTRRHE O EBARG! Paatushi ng
portions 2la and 24a. On the other hand, the ﬁel ght restricting plate 22
(di mensi anz, 26h88Ghimknssa ofylthwirdtak mentbexr f®8 o€stthiectmabdadi ght
nanely the 30 thickness of the disk menber.33 of the nolded product 31. 11
Cct ober 2B08duckg3iTHes hde§hnedestricting plate 22 is a hollow ring shape

a0 B | SR TR 5 6h8, 280 Y SOULILIG e dpgeh3ang | over end
. 10 constructed with one die plate formed with a plurality of
shaft forming hole portions 23a (diameter: 4.0 mm) formed
as through holes in a manner not interfering with each other.
In the shown embodiment, at the center of the intermediate
die 23, one shaft forming hole portion 23a is provided.
15 Around the shaft forming hole portion 23a at the center,
. six shaft forming hole portions 23a are arranged in regular
hexagonal shape (interval: 35.4 mm).
Of course, number and arfangement of the shaft forming
hole portions are not limited to these 7 shaft forming hole
) 20 portions 23a in total arranged at regular hexagonal shape.
Therefore, number of arrangement of the shaft forming hole
portions may be selected arbitrary.
Iﬁ the press die of the present invention, for press
rﬁolding the disk, at first, the intermediate die 23 is
25 mounted on the lower die 24 and the height restricting plate
22 for restricting height surrounding the lower die 24 and
the intermediate die 23. Next, spherical glass materials
30 each having mass weight preliminarily adjusted to be
equal to the mass weight (528.25 mg) of the final shape

30 of the disk member 17 of the molded product, are placed



portions 21b and 24b of the upper die 21 and the |ower die 5 24, novenent
of the press dies in the height direction is restrictgg od eefgi(qu)by t he
hei ght .restricting plate 22, the thickness of the dis 3 t he
nol ded product 31 is defined. On the other hand, the inter nedl ate die 23
s 10 constructed with one die plate fornmed with a plurality of shaft
formng hole portions 23a (dianeter:-420-nm fornmed as through holes in a
manner not interferi ng with each other. 1In the shown enbodi nent, at the

center of the | r i_at ne f hol n.23a is -
provi ded. OT‘SaAP alﬁtqﬁy Oigﬁa%%%ﬁﬁalhéhlgOESr glog a@ﬁ%:ﬁfﬁ@%gn 3 Si X
shaf t forﬂhaglhqﬂeeneea&a%s 32 #5¢ afhARRRGndtd S0thar u Qﬁ@'zihape
(interval: 35.4 course, nunber and arrangement of the shaft form ng
hol e portnensilarp&)m thmr_teemloﬁdftaﬁdingn@[ft dorvhhg hdlmee, 2the@orti ons
23a in total arranged at regul ar hexagonal shape. Therefore, nunber of

ar r angeneheighti resteictiaonbd@ vl 22 HbBei 9R5VeRy ase Bl AR tRQIC aEBEt 1 ar y.
In the press d| e, of %lge present invention, for press nolding the disk, at
first,”thdPpP e die 23 is 25 m)unted on the lower die 24 and the

hei ght restri C'i‘h{lg, Rt e@zog ?Ir%g él Qg er| %, SHfJ gugcg thg | ower

die 24 and thelnterrre ate ass materlas 30
each havi agdnmasstagiegi2s @Grselicwemed! unad.uUittedbﬁﬁd)a:o athualuppet h@igass

wei ght (528.25 ng) of the final shape 30 of the disk nenber 17 of the

nol ded praéluctThame gl dcadl of OStokat 1608pplled dro £ bimp dthe \poesshaf t

form ng h rttll%lssearsq:%n eSd éfr)l tgezl nternedi ate die 23. Furthernore,

t he upper

) 10 : Subsequently, temperatures of the stages 25 and 26

| are elevated by heaters 27 and 28 to heat the upper die
21, the intermediate die 23, the lower die 24 of the press
die up to 600°C near softening point for forming the glass
material 30. After reaching 600°C, the press die is
15 maintained in thus clamped conditien for 8-minute's . Then,
the load is increased to 30000 kgf over 3 minutes by the
press 9 to pressurize the press die to performing press
molding.
At this time, gas enclosed in respective shaft forming

) 20 hole portions 23a of the intermediate die 23 and the glass
material 30 is compressed by penetration of the glass
material 30 into respective shaft forming hole portions
23a and is discharged through a gap between the
intermediate die 23 and the lower die 24. Thus, the glass

25 material 30 can be distributed into respective ehaft _

forming hole portions 23a. The glass material 30 has high
viscosity and thus does not penetrate into the gap between
the intermediate die 23 and the lower die 24 and is

uniformly compressed by the press 29 through the upper die

30 21. Thus, a plurality of molded products 31 a're produced



I s di sposed thereon. Accordingly, at this tinme, the height restricting

" plate 22 also serves as guide for the s upper die 21.  Thus the s f
press die is placed on a stage 26, and a stage 25 iszybﬁﬁ?%ﬂp§ﬁnéﬁoﬁn
abuts to the upper die 21. Then, a |oad of 150 kgf is applied to clanp the
press die by these stages 25 and 26. 10 Subsequently, tenperatures of the
‘stages 25 and 26 are elevated by heats®rs 27 and 28 to heat the upper die
21, the internmediate die 23, the lower die 24 of the press die up to 600C

near softgnin oint for foqup t he glass material 30. After reaching

600C, the"pr et g ?§_Mﬁ ReBPR%Wrs cl anped condition for 8
m nutes. Then, Sub@%zdelﬂfrgtl .| PreCABAd 1% 00, 95 g 0N B %u?}n%& erPpy the

press 9 to pressuri the press die to performng press nolding. At this
time, gasaadctihsdbad ikekpReiredadswalto 7000 RGF .20Thatlei p@dridineidda of the
intermedi ate die 23 and the glass material 30 is conpressed by penetration
of the gl §be st@aes &35 F30dnLo. r Ebpevppes hi 12 orthaginbeamssitabas 23a

and is disch ed .t hrough a _.gap bet nthe internediate die 23 and the
e i 6058 2 9n e npiri 2a8 Be nd T 6156 ol ERE TR 1o ke spa T
respectiv aft ormn ole rtigns, 23a., The gl ass terjal of1as high
U sbost ty AR A el 2ng, BREL AT SR rergal BRI (fer 07

i nt er nedi 8fes €-8133p@nf tt Fempevat udicCof4t RE Gl Ss Hd 08 Fi ¥1CoPREEss&d by the
press 29 through the upper die 30 21. Thus, a plurality of nolded products
31 are prddufugtheroctobered0devn 50 390 def cyTre gfohdedi porgitweess.

are removed at a temperature lower than or equal to 100°C.

o

10 By the foregoing molding process, the glass material
30 can be molded into shape as set on the press die as the
molding product 31 shown in Figs. 15 and 16 and did not
have the dent in the shaft portion due to residual air.
Also, even in the disk portion, the dent due to residual

i5 adixr did not appear. On the other hand, the surface

 roughness of the press. surface of the upper die is
transferred precisely so that the surface roughness Ra of
the information recording surface of the disk portion was

0.5 nm. The circularity was 25 pm falling within the

S

20 targeted 30 pm. On the other hand, the flatness of the
disk portion was 1.5 pm falling within the targeted 2 pm:
Furthermore; the concentricity between the disk portion
and the shaft portion was 1 pm smaller than the targeted
2 pm. Thus, the motor shaft falling within the target

25 dimension could be obtained.

As can be seen from the foregoing, since the press
die for implementing the molding process of the disk with
the shaft shaped portion according to the present invention
is constructed with the upper die 21, the intermediate die

30 23 and the lower die 24, residing of gas, such as air, in



Subsequently, the heaters 27 and 28 are turned OFF, and the load is

| owered down to 7000 kgf . In this condition, the stgﬁgs 25 and 26, _the
upper die 21, the internediate 5 die 23, the |ower di PP The Yl ass
material 30 are cooled down. After cooling the glass material 30 down to
440C of strain point tenperature of the glass material, the load is
further | owered down to 350 kgf. The rdl ded products are renpbved at a
tenperature- |lower than or equal to 100C . 10 By the foregoi ng nol ding

process, .as I, al o) d e e e he
press di eHalg ?%@ aﬁoﬁ?hﬁ%&%por%g%cf&gel %ﬁ%P\MJC\ f%r %1(52’ E%g%aﬁ)g)sﬁ%'%%%nzl d not
have the dentnd ilEePRalliaRe dPd dyechd MRS el editied. AlESIso EVEN i N the
di sk portion, the dent due to residual 15 air did not appear. On the other
hand, thep3urfadciety auffimodstedfptrbduptesSisovahabe fibrivesl dipsrugh eons
transferred_precisely so that the surface roughness Ra of _the information
recor di ngMedAiRe RFOEHESdWikhphhaphndgathey Hafs makeriadul3 ixteas 25
pmfalling. wthin the 20 targeted 30 .On the other hand, the flatness of
Phe " skEpS tiah tpEed ss Ty EpThatnbihi RY £0 Tt dipdd dfe [ aled!
Further mige £p EaRCRRIY G Yo PAUNEILEE Qhﬁge‘&)?dfﬁ&@%ﬁr@fséﬁ%t
portion was 1 pinsnmal Fer than the targete 2 pm Thus, the notor shaft
falling wnbhided peddrget3l 2anibefomed adtibcachioailed. t Apmatude seen
fromthe foregoing, since the press die for inplenenting the nolding
process of tR&EaE sKngprh ofhélisHe®t shaped portion according to the present
invention is constructed with the upper die 21, the internediate die 30 23
and the lower die 24, residing of gas, such as air, in 11 Cctober 2005 - 51

) 10 (Tenth Embodiment)

Figs. 16 to 21 show the tenth embodiment of the press
die for implementing the molding process of the disk with -
the shaft shaped portion according to the present invention.
As shown in Fig. 20, a spherical material 40 is

15 preliminarily finished into substantially spherical shape
similarly to the former embodiment, as shown in Fig. 20.

The press die to be used in the tenth embodiment of
the present invention is snbstantially the same as the
basic construction as the die to be used in the former ninth

. ) 20 ' embodiment. However, in the shown embodiment, the
intermediate die is formed with a plurality of individual
die plate so that a plurality of molded products are molded
independently by respective intermediate dies. Namely,
the press die is constfucted.with an upper die 35 having

25 the pushing portion 35a and the flange portion 35b, a
cylindrical height restricting plate 36 as restricting
member for restricting height, an intermediate die 37
(diameter: 30.0 mm) having shaft forming hole portion 37a
(diameter: 4.0 mm) at the center, a lower die 38 on which

30 apluralityof intermediate dies 37 are arranged in a manner



internediate die 23 can be prevented. Also, a plural iltly C5)(ﬁ1‘,ctc}r§)elIdezcbotsroducts
ng

31 can be formed through one nolding process with shapi e ‘glass
material 30 into the shaft precisely corresponding to the press die. Also,
the tip end portion of the shaft shaped portion 32 of the nolded product
31 can be formed satisfactorily to pr&duct a |large amount of disks. 10
(Tenth Enbodinment) . Figs . 16 to 21 show the tenth enbodi nent of the press
die for i e | -6l n C f ot ' .1 h shaft shaped
por 1 on Aoty drg e hed pre T CEEACR. | REseXit WG S

spheri calmfBbefibdls 40 iis 'plhadee! bAI 8RB khaffithirdhedingt Rosebpbattiet | y
spherical shape simlarly to the former enbodi nent, as shown in Fig. 20.
The press3daect rdrpectdvieninermmdhababdieésentAotordinglesein thwenti on
I's substantially the sane as the. basic construction as the die to be used

in the fofRRVINPRPRAIALHoERRehRtemRRdiRte | diend shEwhOEMSSHIYER | t he

i nt er pedi at . e1kSf i_t . ' f JLndjyi i.e pl SO
that & plaribgraty 8F Relagdaf dlEehBEal A BhtatE.  BAWIEE 22 v
i nternedigi gtdkesr MA@l yntethR A Les die 3y GaRstsuphedtd h an upper die
35 having 25 the pushing portion 35a and the flange portion 35b, a

cyl i ndri cabrhesghndissd rictragppitiord3makied gproduchg 4dienbdhisris
restricting height, an internediate die 37 (dianeter: 30.0 nm having
shaft forHfgdhdfensatt iBALDEa TN abeeeformer ppbatdime@tcenter, a | over

-di e 38 on whi ¢h. a urality_of .internedi ate dies 37 are arranged in a
manner 11 Oct g%rérégﬁog%l_he% l}al}{d in the shown embo 1meme_, th

‘... 10 intermediate die 37 is formed with four die plates.
However, number of die plates for forming the intermediate
die is not limited to any specific number but can be chosen -
-as any arbitrary number depending upon capacity of the
press die, size of the disk member 37. Furthermore, these

15 plurality of intermediate die plates of the intermediate
‘die 37 are arranged in spaced apart so as not to cause
interference with each other.

Molding operation was performed in the shown
embodiment under similar condition as the foregoing nin_th

. ) 20 embodiment.

In the press die having the intermediate die 37 having
a plurality of die plates, by preliminarily forming
respective glass material into substantially spherical
shape for press molding, respective glass materials are

25 to be spread in circular form about the shaft forming hole
portion 37a at the center of the respective intermediate
die 37 and to be molded into a shaft shaped portion 42 and
a disk portion 43 of the molded product 41 by a molding
surface of the pushing portion 35a of the upper die 35,

30 the upper surfaces and the shaft forming hole portion 37a



not interferi ng with each other. Respective glass materials 40 is placed
on the shaft formng hole portion 37a of respective inferned at | £S.
Accordingly, in the shown enbodi ment, the intermedi atjebl,\]t oé%t%‘:?eﬁ(;?@o ned
with 5 a plurality of nutually independent die plates. Each die plates of
the internediate die 37 are separated corresponding to respective nol ded

products 41. This is the different pdint fromthe forner enbodi nent. On
the other hand, in the shown enbodinment, the 10 internediate die 37 is

i or med Fechg SRt RETIT. PHINE! £ A BRI B oler

as any ar gl Ekah¥mbpeFaes 308R8NEhE BHPOP nfRFE 132 @fi tihRi gl Bsecdis8.osi ze of
the di sk nmenber 37. Furthernore, these 15 plurality of intermediate die

pl at es of coheenttesiaietdyatan de mdlded asr agednohdefapeddpztrts 4. as not
to cause interference with each other. Ml ding operation was perfornmed in
t he shownCOERESMARINGnEer e respresidivie dnternedipdeegbige hi nth 20

nmbodi . dig havi, he | di di e.37 '
olurald y of AEnGISreds w5 ERRB i A1 2 hor Ros e ueheLFr, Befin °
material {ALOSHURS! AllAgbLY diaka SHAPEREORIESSIBbE RoryiRapect i ve

glass materials are 25 beé spread in circular form abo e shaft

form ng haBeofpdatd anoBdedatprddducenter cah the ¢espadihilye setwraddi ate - die
37 and to_be nolded into a _shaft shaped portion 42 and a disk portion 43
of the notfBE§hgrsnKRe . 44 Blurabityngt nedided produstguddi mampokei on 35a

of the UBBSt ool 130,50 ke 1iPRSE SHELA°ER13hd NSp8haty Jiprm no hol e
../ 10 simultaneously.
With the foregoing molding process, the glass material
30 is formed into the shape as set in the press die as the
molded products 31 shown in Figs. 15 and 16, and did not
have the dent in the shaft portion due to residual air.
15 Also, even in the disk pdrtion, the dent due to residual
air did not appear. On the other hand, the surface
roughness of the press surface of the upper die is
transferred precisely so that the surface roughness Ra of
the information recording surface of the disk portion was
' ) 20 0.5 nm. The cifcularity was 25 am falling within the
targeted 30 pm. On the other hand, the flatness of the
disk portion was 1.0 pm falling within the targeted 2 pm.
Furthermore, the concentricity between the disk portion
and the shaft portion was 1.0 pm smaller than the targeted
25 2 mpm. Thus, the motor shaft falling within the target
dimension could be obtained. As can be appreciated from
the above, by preliminarily forming the giass material into
substantially spherical shape for molding with placing on
the through hole 37a of each intermediate die, the optimal

30 concentricity between the shaft shaped portion 42 and the



- 53 of the internediate die 37. Thus, the a plurality of the disk nenbers

33 and the shaft nenber 32 with high precision concerit (S)It Lan m)l ded
as the nol ded products 41 corresponding to the respec Ve | erne |ate di e

- 37. 5 Nanely, as shown in Fig. 21, concentricity between the shaft shaped

portion 42 and the di sk shaped portlon 43 of the nol ded product 41 can be
certainly secured. Furthernore, a pldrakity of nolded products 41 can be
nol ded in one cycle of press nolding operatlon 10 simultaneously. Wth the

f or egoi _ngdg%lkdl régntpégcggsbatg_hh%eg%% Era@ ??Eggﬁe%hf ormed | _nto t he shape

as set In € press’dieTas own in Figs. 15 and

16, and di d nofnehave ddier deRteh ildie 1§:§‘§f beRel M- HUBekO iheddt 1ai r. 15
Al so, even in the disk portion, the dent due to residual air did not :

appear. On:.theretslpﬂzfcmajtd,pﬁéﬁesneﬁaembommms ahdthe pikisnsurhbace of

the upper die is transferred precisely so that the surface roughness Ra of

t he i nf or gRPRGeNedoFremMniheufiogageinghtoditiosprakbhlags indhe ;B The
circulari s.25 pmfallin hin, the tar ed3 e ot her
nand. 5 nethalt cbEh s And a4t s P e madd %%?P?. n e
targeted Eyt ér?@f tELCls ot &ion
and the sha tg&:g&r ofr:]'e{)/\]/gng%eoghﬁ s ?lgr i'%lhé?gt ﬁgj'tet‘\ggget ?a% 25 2 pm Thus

the notorigshagtthel Lheenwildi N ﬁH@réﬂbg@t idi fReshppaaei€l deabbsataed. As

- can be appreciated from the above, by prelimnarily form ng the gl ass

mat eri al €aver Qlﬂ-stsamhaCh?nSJ@lﬁer&m&Im@ﬁéﬁédaﬂim‘v‘daﬁgf\ﬁlﬂh witdeimg on
t he throu}glg h Ie 37a of | eac% t er pedi ate di e the optinmal 30 concentricity
bet ween t SHRpEL O FENERR YRR



11 Cctober 2005 - 5 4 disk nmenber 43 can be certainly attained. The

present invention has been described in detail wth respect to p rred
enbodi ments, and it will now be apparent fromthe forigogﬁbo?%rt%ﬁég

‘skilled in the art 5 that changes and nodifications nmay be made w t hout

departing fromthe invention in its Qrgsdgr aspect, and it is the
intention, therefore, in the apparent clains to cover all such changes and
nodi fications as fall within the true spirit of the invention. 11 Cctober
2005 - 55 - CLAIMS 1. A press die for_press nolding of a glass substrate
of a disk nmenber with a shaft shaped B4Pi on at a center thereof,
characterized by conprising: an upper die form ng an upper surface of said
di sk nenber; an internediate die having a shaft formng hole to portion
for formng & shaft shaped pardi ofbr preirest ngmglgﬁrh% disk pertyonseyf said
di sk menber, and formng at least a |lower surface of said disk portion; a
| ower di e faulbstniatig adfower slirflacensfibsai dwith stmaf tslshfpedshepeicdon; and
a gui de nenber for guiding said %gper die, said internediate die and said

| over di@s. BT BPesPldi ePaccdtdtRg t FReBPHE1, CHARAEFEAZAP 200 t hat
said shaft féBﬂ%PQsﬁﬁb% portion of said

an upper die forming an upper surface of said

‘disk member;
an intermediate die having a shaft forming hole
o 10 portion for forming a shaft shaped portion
projécting from a. disk portion of said disk member,
and forming at least a lower surface of said disk
portion;
a lower die for forming a lower surface of said
15 shaft shaped portion; and
a guide member for guiding said upper die, said

intermediate die and said lower dies.

2. A press dile according to claim 1, characterized
3 ) 20 in that said shaft forming hole portion. of said

intermediate die is a through hole.

3. A press die according to claim 1 or 2,
characterized in that said guide member defines
25 depression amount of a press by said upper die upon

press molding.

4. A press die according to c¢laim 1, 2, or 3,
characterized in that said intermediate die has said

30 shaft forming hole portion for forming a shaft



internediate die is a through hole. 3. A press die according to claim1 or

2, characterized in that said guide nenber defines 25 ﬁe rqé§io unt of
a press by said upper die upon ©press nolding. 4. A pr% PP Hec ng to
claiml, 2, or 3, characterized in that said internediate die has said 30
shaft form ng hole portion for form ng_a shaft 11 Cctober 2005 -56 shaped
portion projecting froma disk portion vt said disk menber and a circul ar
recess for formng at least a |ower surface of said disk portion. 5 5. A

press die a LNng l.aim 4, characterized in that,a depth of said
circul ar re§%§§8%§ sé?ﬁ%liﬁieﬂﬁg %ﬁ%&%?e %goﬁkeate 1P anPSFQ&ﬁEﬂ h a
hal f of a height dfsisaidniiesk BAHIONCiAE 012 A HLSSsH %cﬁﬁc%@n{lgqéo
claim4 or 5, characterized in that a depth of sald recess of sal

i nt er medi at eitdi bedstequalower asheifghte of £ saadddidsks k andrahoupper surface of

said internediate die defines depression anount of a press by said upper
is die during press nolding operation. 7. A press die according to claim 4,

5, or 6. . character] in,tha id,.nternediate die i forped.with an
out er frgrre%g'nd fb%%%g% ﬁla%e%cég)ir&%ﬁgréges?slﬁ”smdéﬁ rﬁi,?_na}bﬁ_cg%ir&zﬁf?er
frame and saird it om f IcRIP:h ande saj L Quitef L Enape of o3k iJH erppdiate
frame defines depression anount of a press by said upper die during press
mol di ng opérHtéonediate die is greater than or equal to a half

of a height of said disk portion.

{;) 10 6. A press die according to claim 4 or 5,
characterized in that a depth of said recess of said
intermediate die is equal to a height of said disk
and an upper surface of said intermediate die
defines depression amount of a press by said upper

15 die during press molding operation.

7. A press die according to c¢laim 4, 5, or 6.
characterized in that said intermediate die 1is
formed with an outer frame and a bottom frame, séid
g:) 20 recess is defined by said outer frame and said
bottom frame, and said outer frame of sald
intermediate frame defines depression amount of a
press by said upper die during press molding
operation. '
25
8. A molding process of a disk with a shaft shaped
portion for press molding a glass substrate of a
disk member having said shaft shaped portion at a
center thereof, using an upper die performing press

30 molding from an upper surface, an intermediate die



25 8. A nolding process of a disk with a shaft shaped portion for press
nol ding a gl ass substrate of a disk nenber having said shaft sh

portion at a center thereof, using an upper die perfof]m(ﬂgt%k?eers?@%
nmol di ng from an upper surface, an internediate die 11 Cctober 2005 - 57
having a shaft formng hole portion for formng a shaft shaped portion and
a lower die for formng a |ower surfage of said shaft shaped portion,
characterized by conprising the steps of: 5 placing a glass material of
revol ving body shape having a circular cross-section _in a _direction

“per pendi cul 88%ingt & cehedt akpsmdnd | hellgdi RETE 10 r £Qrar LOE8YiT¥h &t | east

greater than.said shaft . form ng _hole portion, on i a rm ng hol e
10 portion 5¥“§%ﬁdsgﬁ¥§¥%eﬁ?g%é aﬁe?ngn&isagggﬁhé%?qu%%gf%%ﬁ%ﬁg rgSS
mol di ng for&w@r glasseBEEr 1 GE- 9safdl dhAGPr 0GesHad a ghskivhth a
shaft shape 15 portion for press nolding a glass substrate of a disk
menber havi ahasmcdt shatedshgpesbmporisamaattlae serper dffrer eof , usi ng an

upper die perform.ng press nolding froman upper surface, a inéernediate
die havfng a sh@ladongi agdhaps gt Eebmato f oF eV AGVATRI0 t S8RRFed

portion and.a ) ner die [ LM a8, Lovers oy ags of sai g shatishaped

portion, c . . “steps of:” . placing a glass
Zf‘.t SL: ﬁg on Akt shakh1her mag kel ecReftdon Hii saighdntenaedyatey dize with
circular section at least greater than said shaft
forming hole portion, on said shaft forming hole
10 portion of said intermediate die; and
subsequently performing press molding for said

glass material.

9. A molding process of a disk with a shaft shaped
15 portion for press molding a glass substrate of a
disk member having said shaft shaped portion at a
center thereof, using an upper die performing press
molding from an upper surface, an intermediate die
having a shaft forming hole portion for forming a

20 shaft shaped portion and a lower die for forming a

e

lower  surface of said shaft shaped ©portion,
characterized by comprising the steps of:
placing a glass material on said shaft forming
- hole portion of said intermediate die with aligning
25 a center axis of said glass material with a center
axis of said shaft forming hole portion; and
subsequently performing press molding for said

glass material.

30 10. A molding process. according to claim 8 or 9,



25 a center axis of said glass material with a center axis of said shaft
formng hole portion; and subsequently perform ng press nolding f aid
glass material. 30 10. A nolding process according to%ﬂzQQEQ?%% éﬁmi

Oct ober 2005 -58 characterized in that said shaft formng hole portion of
said internediate die is chanfered at _ | east on a side on which said glass
material is placed. 5 11. A nolding pF@cess according to claim8, 9, or

10 characterized in that a mass weight of a spherlcal glass material is

set equal t ht of al | ded pr.oduct nS|on of sai,d 10
shaft fornlgbéﬁgﬁgé%gigegn ot'saitd T ht e at 8 @i &- ﬁ HE t he
shaft shapeg¢hpartdon of tshﬁdprﬂ%ékmfe?ilt%ﬁcémlaﬁéd11§n%1§aﬂfg‘f’é§i opof a

hei ght restricting nmenber is determned so that a clearance between said

i ntermedi at éedise- amdh sai dsdjjger odi e whh diec areisd eqrid s $ 0 mademdnsi odsof the
product to be noulded. 12. A press die for press nolding a glass substrate
of a disk mPS&ie%having a shaft shaped portion at a 20 center,
charactegized by conprising: an upper die for perform ng press nolding from
an upper”~ surface; an internediate die having a plurality of shaft formng

hol e portiong fon fasminggshatbcehaped c23 BH 1 @0s. csakdh shafto fogp ng

hol e portions being

: 10 characterized 1in that a mass weight of a
spherical glass material is set equal to a mass
weight of a molded product, a dimension of said

10 shaft forming hole portion of said intermediate die
is set equal to the shaft shaped portion of the
product to be moulded, and a dimension of a height
restricting member is determined so that a clearance
between said intermediate die and said upper die

I5 becomes equal to a dimension of the product to be

moulded.

12. A press die for press molding a glass substrate
of a disk member having a shaft shaped portion at a
?L) 20 center, characterized by comprising:

an upper die for performing press molding from
an upper surface;

an intermediate die having a plurality of shaft
forming hole portions for forming shaft shaped

25 portions, said shaft forming hole portions being

arrénged in a manner not interfering with each
other;

a lower die for forming a lower surface of said
shaft shaped portions; and

30 a height restricting member for determining



arranged in a manner not interfering with each” other; a lower die for

formng a |l ower surface of said shaft shaped portions; qb.30 i ght
restricting nmenber for determning 11 Cctober 2005 _SSLLq%% éasﬁgﬂﬁgnnunt

of a press. 13. A nolding process of a disk with a shaft shaped portion
for press nolding a glass substrate of a 5 disk nenber having said shaft
shaped portion at a center thereof, usidg an upper die perforning press
nol. ding from an upper surface, an internediate die having a shaft form ng
hol e portion for formng a shaft shaped portion and a | ower die for
form ng a 16SRFRTSEQRT BOUSTE 2 dasR&FSSShaped portion, characterized by
conprising the steps of: placing a plurality of glass materials of
revol vi ng body shape each having a circular cross- section in a direction

per pendi cul ar3 t o tmbp@ﬂﬁ?r pE>@xds 8F Al @i shald thoran Baatl eswapkhons of
said internediate dies of said press die respectively; and subsequently
perform ng poassiom| dioyy fooressi dnobdiasyg nat eyiassf osulpsbdadiengodi sk
menbers with shaft 20 shaped portions with sufficient concentricity. 14. A

press di & fEr 5 eBeMSINi RgVa T asstichbsthedile SBRPSY BRGRRr Havitng a
Shaf | shapeg AL DBt Sl IR SHAELL 2R DR SRR o 28sn uPper
molding from an upper surface, an intermediate die
having a shaft forming hole portion for forming a
shaft shaped portion and a lower die for forming a
10 lower surface of said shaft shaped portion,
characterized by comprising the steps of:
placing a plurality of glass materials of
revolving body shape each having a circular cross-
section in a direction perpendicular to its center
15 axis on said shaft forming hole portions of said
intermediate dies of said press die respectively;
and
subsequently performing press molding for said

-'glaSS material for producing disk members with shaft

?l) 20  shaped portions with sufficient concentricity.

14. A press die for press molding a glass substrate
of a disk member having a shaft shaped portion at a
center, characterized by comprising:

25 an upper die for performing press molding from
aﬁ upper surface;

a.plurality of intermediate dies, each having a

shaft forming hoie portion for forming the shaft
shaped portion;

30 a lower die for forming a lower surface of said



a plurality of intermedi ate dies, each having a shaft form ng hole portion
for formng the shaft shaped portion; 30 a | ower die for_ formn | ower
surface of said 11 Cctober 2005 -60 shaft shaped port%%n%?tQQﬁf'%cﬁéight
restricting nmenber for determning depression anount of a press. 5 15. A
nol di ng process of a disk with a shaft_ shaped portion for press nolding a
gl ass substrate of a disk nenber haviﬁ% said shaft shaped portion at a
center thereof, using an upper die performng press nolding froman upper

surface, an | 10 h V|n shaft form ng hole portion for
- formng a %}fﬁ%%@%ﬁ gf)t%lton & dglwer die for forming a .l|ower

surface of sal d éhafﬁeﬁj}\?@edrﬁ%rﬂﬂl%‘tlnﬁhaﬁé%t%fZegol%y Qﬂé@ékﬁhﬂﬁin@‘e
steps of: placing a plurality of glass fmaterials of 15 revolving body

shape each hlapimgsaicnrembantcroSsa peetison in a direction perpendicular to
its center axis on said shaft formng hole portions of said internediate

dies of said press die respectively; and 20 subsequently perform ng press

nol di ng

oL 10 8O 1821 eSS LA O BEochh 9t B At Gk Ol R
bet ween eacbo&it%n ”ﬁf@ier p%%@&ﬁ@ﬁ@i?ﬂgl ng syiphksshappd tRQIdd oy £ 2% 16. A
press die for press nolding of a glass
disk member having said shaft shaped portion at a
center thereof, using an upper die performing press
molding from an upper surface, an intermediate die
10 having a shaft forming hole portion for forming a
shaft shaped portion and a lower die for forming a
lower surface of said shaft shaped portion,
characterized by comprising the steps of:
placing a plurality of glass materials of
15 revolving body shape each having a circular cross-—
section in a direction perpendicular to its center
axis on said shaft forming hole portions of said
intermediate dies of said press die respectively:;
and
{;) 20 subsequently performing press molding for said
glass material for producing a plurality of disk
members with shaft shaped portions simultaneously
with sufficient concentricity between each disk
member and corresponding shaft shaped portion.
25
16. A press die for press molding of a glass
substrate of a disk member with a shaft shaped
portion at a center thereof, made in accordance with

the process of any one of claims 8 to 11, 13 and 15.

30



substrate of a disk nmenber with a shaft shaped portion at a center

thereof, made in accordance wwth the process of any o f, cl ai to 11,
13 and 15. 30 11 Cctober 2005 . 17. A press die accofgfé}ﬁék%ﬁgﬁ%ﬁ% of

claims 1 to 7, 12 and 14, nade in accordance with the process of any one
of clainms 8 to 11, 13 and 15. _ el -

17. A press die according to any one of claims 1 to
7, 12 and 14, made in accordance with the process of

any one of claims 8 to 11, 13 and 15.





