11 October 2005 BACKGROUND COF THE | NVENTI ON FI ELD OF THE | NVENTION 5 The

present invention relates generally to a press die and Jdmling gpyocess
of a disk with shaft shaped portion for press nolding a glass substrate of
a disk formed froma disk nenber having a 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
performanceé of a disk drive unit as external nenory device, such as 15

down-si zi ng, hi gher capagid¢NGROUNDO (3, THAS IRGENIG G Ny significantly
with the spread of conmputers. Associating wth this, Iowering of floating
hei ght of a nagnetic head has been aggressively studied to require quite
hi gh precision for flatness of the nagnetic di sk. 20 Conventionally, as a
material of substrate for EIERyA¥ i THE JNVENTEONum alloy is mainly

-enpl oyed. However, in case of alum numalloy substrate, a polished surface
.may cause plastic deformation even when high precision polishing is

provi ded by hifgje ESheN 5 ' f ' 5 l{i.shi ng_dey] due to
ow har dneks. Theriror e ARt Y Bp T S a R Y e B o
-the al umdiien andl ay mdilsking t broeakissf ast oai BY siki % 131 eshseen snisea even
when a ni ckel - phosphorous plating |ayer having higher hardness is forned
on the sRIEECBEARPragsiedddng e gtagss substrade p6ssillilsk formad sfy t he

nd f hj gh,11 Oct gber 2005 - 2 precisjon.
demand Ci’:rrom % dlSlk memoner haviSng a sﬁa%% sflaped portion at a center,
such as an optical disk, a magnetic disk and so forth.
o

DESCRIPTION OF THE RELATED ART

In the recent years, demand for higher performance
‘of a disk drive unit as external memory device, such as
15 down-sizing, higher capacity and so on, has been growing
significantly with the spread of computers. Associating
with this, lowering of floating height of a magnetic head
has been aggressively studied to require quite high
precision for flatness of the hagnetic disk.
20 Conventionally, as a material of substrate for a
-magneticdisk, aluminum alloy is mainly employed. However,
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
25 and polishing device due to low hardness. Therefore, it
is difficulty to obtain the flat surface on the aluminum
alloy disk with satisfactorily high precision. Also, even
when a nickel-phosphorous plating layer having higher
hardness is formed on the surface of the substrate, it is

30 still not possible to satisfy the démand for high




On the other hand, novenment for down-sizing requires thinning of a disk

t hi ckness: The al umi num all oy substrate having | ow stinengthdes digafd cul t
to satisfy-the 5 demand in thi's viewpoint. Enploynment of giant

magnet or esi stive head having high sensitivity in the recent years,
"requires reduction of noise of the magnetic disk. For this reason, the
substrate is required to adapt for noise reduction process by heat 10
treatnment after formation of magnetic film However, even in this

vi ewpoi ntPregismaenbeen difficult for alumnumalloy to satisfy the denand.

For solving the f%r@e%oi ng g);aobl ens, as the substrate for the magnetic
di sk, new mat &% &he odhay hanyl qdeeeemend Eeradpwe - sdabes medussesn have

been pro - 0.t hese new.material s, .0l ass _substrates have been

wi del y s%ﬁ%ﬁém%hgv@a%egg%ggggﬁ%m '];lﬂ o pPEEYEE A FHRY gl ass

substr al gutierdt SMhatl AG0LBy BLeBAal 1eHHaNce: thigiva pHLFGOpaBar dness
sufficient for satisfying demand for high 20 precision flatnes y precise
pol i shi nglegmage®sin tBdasvenitewpaihy,. the gl ass substrate for the magnetic

. di sk-has been produced by polishing nethod to effect precise polishing
for each i ndi FPRIQYREHE O gientamagnetopesbgtinve basdshavingbidghi ng fl at

surface af . Lng.25.,.nto_a predeterm ned size. Howeyer, high precision
i s requ?reg%‘rlé:f\%#éyp%ﬁ %%gr%?gf}%sé’eﬁﬁﬁi af §EU RS T AUChigReOF st eps
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press noligi mgauiittred egpiaddaptpeoat wod sd ¥¥d08€i 0R0pFoceds 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 glasses,
15 -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 strength, high heat resistance, high
surface hardness sufficient for satisfying demand for high
20 precision flatness by precisé 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, isothermal press molding

30 process for perform press molding with equal temperature




of die and glass material has been considered. Various studies have been

made for the isothermal press nolding process in thefi¢l-d.gk0Pbhipeal

gl ass elenment fabrication. As a result, the isothernmal press nolding
processes have 5. already been put into practice as fabrication processes
capabl e of fabrication of the glass supstrates with high quality and high
productivity. The press die to be used for press nolding has to be a
speci al die which does not cause deterioration even by 10 repeated nol di ng

of gl ass et dighahanp@raaisineatedikilghas as68he cotEI®EPEE,. VRAFSBTsSt Udi es
have been made for the press dies. As a matrix of press die for press

‘ol di ng, Stardieet hrve( baagstrendeafbirddéhe cisobhermialc gniess molddom car bi de
‘and 15 ot her ceram. ¢s nmay b %§ed..Ch-the ot her hand, the die coated with
2 pr ot ecETRCSFF ihdiend Loy REnEPY i e Sdiihs cdsment fair saatann.
resi-stan | reshs ev d for protection of the
e and o Sean P, b oL Rttty WRELE NG MRY HofeshEs biYe,
exanph e, alanRaieschEsheput AR 6 HraBtide BooPab ot bl Phofdddl
proposes a die for nolding a dis provided with a noble metal alloy thin
filmon ganalibeeof ofabumi.cartdtal .of Tthes @tassssubatheions agithehy.ght udi ed
as fabrication process of the_glass substrate for the magnetic 25 disk
corr espofAgE 1% ABdehd ATPRBERAVHilgh- density recording. On the ot her

hand, Tecent SRS dAL o6 T8 SLA%ERABAELY oG Rheki8lps o S
30 Hovever spititdie dlié ki bHeduRis! nBRUMHEWe 208EL R Hiskfod le CELOBGT 2005
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
15 pther 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 film 6n a surface
of hard metal. This process has been actively studied as
fabricatibnprocessof1ﬂuag1asssubstratefor1ju3magnetic
: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




- -- 4 on arotary base rotatingly driven by a disk drive notor in the
conventional construction, surface run-out of respective ddw@ras pedy on 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 the disk in rotation. It would require
substantially high cost for. producing the disk drive unit for restricting
surface run-out and axis run-out. ZO On the other hand, in the recent
years, dermaral fotarpobalse apildichhgdn, AUt D Pl Pk ELIPHL AbitolrS
growing to pronote further reduction of size and thickness of the disk
drive uni%? He@degenvearHelepaleponsiatucbhen: ustirdface annot-osett isf y t he
demand s fort In this cri&%c nsf ance, the inventors have nade
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realizing high recording density by 1ntegra orm

fotary skaftledtitte Hardiek. dritveiBOLAL tandh husuROM i Ngsarshaft
integrated type glass disk substrate through a glass nolding process. For

exanpl e, d¥ymaAMiet susfgicalimit opupr esd motik ngunt oatgloas stiseibdiskt €nof t he
di sk constructed froma di menber having a shaft shaped portion at. the

center p&AYHHGR: ¢ hEt YR iTJuHreks ttaylyk hdeh 2ooh fias been
illustra ' ) 9S 2 23 -far mple. Al so, .the. press | di ng
process Pﬁqﬁgﬁlga?gé i(?;iL |g‘§?lg§ tu g{%%&%?]ﬁ Fﬁg%frilrcsqil‘ggﬁgﬁgoia&?al

~exanpl e, ran-shotwanhd BxGs roZ-8i¢ .25, the die for perform ng press nol di ng

is 30 constructed with an upper die 114 for press nolding an upper
10 On the other hand, in the recent years, demand for

mobile 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




11 October 2005 - 5 surface of a disk menber 125, and a |lower die 116

preformed with a shaft formng hole portion 116a of the hapRr 2005
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 restriction plate 115 for restricting thickness of the di sk nenber
125 when the die is pressed. The shaft Tormng hole portion 116a is not
formed as a through hole but is provided as recessed hole. 10 In the

pract i calspr£asendf th T P AHHOP, 1 25, FH0MVh 10w T aSe i?tsdﬁréﬁor?t]é?i tric
material 122, such as glass is placed between the upper die 114 and the

| over di evitlls. a Shaft pbeiniog hple poetupperl be A4 taed sthepd ower die
116 is aq%ﬁgted b nmeans of the height restriction plate 15 115. The hei ght
restrictiHEPPaPe 111_151%|E% gephesd hshyapad. porzzﬁrl@melaﬁpéprdumsqaa and t he

| ower di 1 e 116 ar sand ched

bet ween E‘%dz;]ggtgsn§1$ gﬁgﬁ%gmglfc%%ar eqb ’ﬁfrgg‘ P BPa e b aters
119 apd B iHasHRaescobhb it 148 9 and
120 for. heatﬁhg t he uppgr dﬁé 1f%éaRﬁ{?ﬁ&@%ﬁﬁﬂ%ﬁ¥d&g§&E%cQ§% e nitric
mat er i al 112P figr tie st rietpegtthhiekKneas @fasﬁes@isknhégbbmesaww for

'perforn1n%§glass mol di ng. Next, deformation is caused in the nitric
mat eri al thss doe Hﬁep%'ﬁsﬁﬁ’ﬂ i cePhAL br fesmiadhal orpestion tléﬁfaor m a

T 0o SASHE B8 e B BT e L A oAb e 1°
product #3 d or ned by the d|e structure set ,
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'meahs of the height restriction plate

al
wn

+ 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

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
'tempe;ature (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




30 forth above cannot be fornms into the shape accurately 11 COct ober 2005 6
corresponding to the lower die 116 due to presence of ;4 esidyal.. aigp=whi ch

cannot be di scharged through the shaft form ng hole portlon 1164 of t he

| ower die 116 upon nolding. This influences for the precision of shape of
the shaft portion. Furthernmore, in the worst case, the edge portion can

be forned in reversed arc-shape. On the other hand, in design, it is

- possible to elimnate influence of the residual air. However, it becones

necessary to perform post process, such as cutting of the t|p end portion
124a of ¢herSHRAIISHAP® pohei obouen. e t Rdbotter Handpresencen ehe di sk

menber 1 r S|dul ir, for t aft portion. duri | di hg_step
al so af f%‘gc%ﬁﬂ?%l sk %&r SR %eglFFQ?‘ﬁggg grrtllﬁo&g?‘ r% ot the
di sk nmenbesrrdi2hy i f[:icﬁ:'t%@)h fl%-at be deemnded: Brecishon of%o%@ir? reason,
it beconmes necessary to nol di sk having greater dianeter t anCI]

desi red sTihzies andffloenpesf cﬁcm pbhe prmeseissi guchf asHapeat dent-hieor shdet outer

peri phery portion of the nolded product 123 or treatnment for the outer
shape of RMe- ik rr%%%?e{%resummeowomﬂ_: [IFENT TN THFg & xempt on

enbodi ne r out_in vi W of _the bl em set .forth above. It
i's therep%)rrg aeﬁ iggj ec#VO erse%(é; & UhRs e st D PV i CtI’dijsrk press

die and e dmyd] ng_tpr%eS@o@fm%l@l SlﬁoWl tel‘ﬂlﬁlﬁa%t §H§P§é’n@@rtépn’thé’m' ch
can perform glass nol ding process of a glass disk substrate integrally
f or med windsighshaf eiporti Gnwhaeirng ita peassesubstcatenfor ta negnedie di sk
having ultra snooth i

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

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 démanded
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 is therefore an cbject
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




surface adapted for high density magnetic recording and 11 Cctober 2005 7

thus can realize a disk integrated notor. Another ObqutO%EoEQ? géggple
enbodi ments is to provide a press die and a nolding process of a disk with
a shaft shaped portion which permts production of a plurality of nolded
products at one nolding cycle. In a fiést aspect of the present invention,
there is provided a press die for press nolding of a glass substrate of a
di sk nenber with a shaft shaped portion at a center thereof, conprising:

an upper dhesfean pgaanzsppes; skrfacegpicLhendisk, menber; an internediate
di e having a shaft formng hole portion for formng a shaft shaped portion

proj ecting frofmohhdiskoppettonodbf the deskmpkabeembadtméntsi ngsattbeast a
| oner surface, of the disk portion; a |lower die for formng a | ower surface
of the shBF?VlgﬁaﬁeHrﬁﬁ?tﬁéﬁ;a&ﬁdaaWﬁﬁ@ﬁ?ﬁnﬂﬁﬁﬁeﬁﬁnoﬁnﬁ hgkt Wetlupper die,
the inte I at Lesand. t | ower. di.es. Here, the shaft .form ng hole
portion O%H%ﬁ% ?HgggﬁedggFgﬁ e ﬁ%@l%% apFﬁPéﬁah K1 Pcfﬁgnbuﬁﬁg nBnber
may defi ngldepr es¢i O @ODE Pfo@ucPs €56 e LS WDRSI - §lk fe UPON press

nol ding. The internedi ate die may have the shaft formng hole portion for
form ng a shafinshapedspotsrariprof echengresem: drdiesk ipor,t e tdhe di sk
menber and a circular recess for fornmng at least a | ower surface of the

di sk por tT oA IHE YPEFe DI Tt hel oF rRErss Pelebnd off tnedlater HeBs hrate

of a disk member with a shaft shaped portion at a center
thereof, comprising:

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
intermediate die may be a through hole.

The guide member may define depression amount 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




- die may be greater than or equal to a half of a height of 11 Cct ober 2005

the. disk portion. The depth of the recess of the intenredi-aie-di egaBy be
“equal to a height of the disk and an upper surface of the internediate die
- defines depression anount of a press 5 by the upper die during press

- mol ding operation. The internmedi ate die may be fornmed wth an outer frane
and a bottom frane, the recess nay be &ef i ned by the outer franme and the
bottom frame, and the outer frane of the internediate frane may defi ne

depressi aheaar@idk pbraiess to by the upper die during press nolding
operation. In a second aspect of the present invention, there is provided

a mol di ng proléss defpieh dbEkthiet lremeadwaf o £ stiapedn teamid @atar dpeesaynol di ng
a glass substrate of a di sk _nenber havi_n’% t he shaft shaped portion at a
center t B& &fualistogaiBeighipsd; the geskopndngmupnenvsdrfigctr of an

ot or meky 3o dhSERL L el deiedes aneangiiny Ginfngr 8oover
or ormn r e ower
ur f t | h §ls t f: 20 placi
ol ase g A o e oo R A R e EPOnY o “Sett fom in-

~a direction Whependeeulealidbeidbe @el} de Bsrhe¢iitichnlbided £1-amE! ar
section at |east %reater than the shaft formng hole portion, on the shaft
form ng ABdeapbetitem srame, Ade meresdimay b aefiidedubyetbenvbyzer

e B b B o s e b, BB e eSS, 0,
shaft sh@Redrmediate frame may define depression amount of a press

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.portion.atzicenter'thereof, using

i5 anupperdiepe:fbrmingpressmoldingfrmnanuppersurface,

an intermediate die having a shaft forming hole portion

- for forming a shaft shaped portion and a lower die for
forming a lower surface of the shaft shaped portion,

comprising the steps of:

20 placing a glass material of revolving body shape
having a circular cross-~-section in a direction
perpendiculéx“to'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 aépect 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




30 portion for press nolding a glass substrate of a disk nenber 11 Cct ober
2005 - 9 having the shaft shaped portion at a center thepeefneiSbAgs an
“upper die performng press nolding froman upper surf ace, an internediate
die having a shaft formng hole portion for formng a shaft shaped portion
And a lower die for 5 formng a | ower surface of the shaft shaped portion,
conprising the steps of: placing a gl #&s material on the shaft form ng hole
portion of the internediate die with aligning a center axis of the glass

mat eri al t [ f O formn ole rtion; and
: subSequerﬁ%‘{/ﬂbgr o%nsﬁ{n%é%réégﬁ%:}g?%gi %lra%h%_cgq%g%g tﬂ%ﬁ’]é?ggl'.u%*’g, t he
- shaft fordr agpeel @ié?étﬁ@rﬁﬁn@‘ﬁress'rﬂﬁfﬁﬁﬁﬁ'P%&mcﬂr?u gzbguff%(e%r ed at
| east on a side on 5 which the glass material is pla . A mass wei ght of
~a spheri @l glbesmedtietealdiayhbdeingeta eqief t t Doamihgs hedigghpont iennol ded

product, a dinension - of the shaft form ng hole portion of the
i nt er medit%e HHENLREy apShatt eghared nokt $aaf andhapekowert dade don he

may be deesmidorotolfh ShErdP. e Uit weealtnetad neat §PB g o and the
upper di eoxprPeLRge +a@ualtd9s aoedi mension of the product to be nolded. In
a fourth aspect of the present invention, there 25 is provided a press-
die for presspialcdimy @ glass miisérbse onoftire dilskffeFoemiiayingia shaft
shaped portion at a center, conprising: an upper die for perform ng press
nol di ng PPShIGH @dpehe intermediate die with aligning a center axis
’ - of the glass material with a center axis of the shaft
ic forming hole portion; and
subsequently performing press molding for the glass
Vmaterial.
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- tobemolded, 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 - 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 performing press molding from an upper

surface;

30 an intermediate die having a plurality of shaft.




surface; 30 an internediate die having a plurality of shaft 11 October 2005
- 10 forming hole portions for forming shaft shaped pary-@pR$er bhgsshaft
“forming hole portions being arranged in a manner not interfering with each
other; a lower die for formng a |l ower surface of the shaft 5 shaped
portions; and a height restricting nmenber for determining depression
amount of a press. In a fifth aspect P the present invention, there is
provi ded a nol ding process of a disk with a shaft shaped |0 portion for

press nmolging; a4 i | : ' h f1. shaped
portion aiiglg}g%gﬂt érai{%hgggg}fl,%sgijﬁ%ragﬁkﬁlgggfg%%;f%%%g?n&néO%?gL?tsnSrml di ng
froman ufpersiaff Ferming holerpedtaba dbe ik ks ah§ddfin of AaAneg- hol e
portion for form ng a shaft shaped portion and a | ower die for 15 formng
a |l ower ol ateterfichd rghafitbhepeh pothéon, conprising the steps of:
placing a plurality of glass materials of revolvin body shape each havi ng

a circular cr@sgs ibie ifrn farmdng én lostgfeiietipge o5 the shafdr axis
on the sQ&L&x;Q'E%?%g%ﬂgqu%gdportions of .the internedi ate dies of the

press die respe Y, ‘and”subsequently perform ng press nolding for the
glass material Heigif OgHGHRG St Skg RBRGIT Wbh aBebirmbfiped portions with

sufficient concentricity. 25 In a Sixth aspect of the present invention,
t her e i sdeprmssiednaaproesst dbE doprm=ess nol ding a gl ass substrate of a

di sk menber having a shaft shaped portion at a center,

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

16 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 formin.g a shaft shaped portidn 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 thé shaft

20°. 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:
anupperdieforperformingpressmoldingfrmnanupper

30 surface;




conprising: an upper die for performng press nolding froman upper 30

surface; 11 Cctober 2005 - 11 a plurality of interne@hab%tgﬁg§, ggeh
having a shaft formng hole portion for form ng the shaft s apeé porti on;
a lower die for formng a |lower surface of the shaft shaped portions; and
a height restricting nenber for determning depression anount of a press.
In a seventh aspect of the present in tion, there is provided a nolding
process of a disk with a shaft shaped portion for press nolding a glass

subst rat e; ofp gy € 5 y MRIBOEN nhaviRgitbhe skhakt, shaped peydion al acenter

thereof, wusing an upper die performng press nolding froman upper

surface, hormimermebe gheridien hbvi nfpantihafthd asim fig dtodeed pastiosh f or
formng a shaft shaped portion and a lower die for formng a |ower surface
of the shaft shapedeporiicorfor chrprinyng tiewest epyrfofce ppacthg #hgiftral ity
of gl ass I f revolving body shape each having a circul ar
cross-secgﬁ%ﬁééﬁééf§%ﬁ?§bt?%% perpendicular to its center axis on the shaft

form ng hol e porhéogst obethp;bniggnRehBte dbes d%fteﬁcﬁﬁn@hgsae @ sion
respectively; and subsequently perform ng press nolding for Fhe gl ass
mat eri al dreeupt colica ngrespl urality of disk menbers with shaft shaped
- portions sinultaneously with sufficient concentricity between each disk
menmber and cortRspofRIYRRER skEpPecshapelihpoPrErsANt SEREENERE pr 86 TEi &S or

press ml;gf&gic%dtgen%ll%ﬁ%g process of a disk with a shaft shaped

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 having a shaft forming hole
portion 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
dey shape each having a c¢ircular cross—-section in a
direction perpendicular to its center axis on the shaft
' forming hole portions of the intermediate dies of the press
die respectively; and

subsequently performing press molding for the 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.

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




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

t hereof, according to the exanple enbodi nents, includgsdhepeRpenpdi e
form ng the upper surface of the disk nenber, the internedi ate die having
the hole for formng the 11 October 2005 - 12 shaft shaped portion
projecting fromthe di sk portion of the di sk menber and form ng at | east
the lower surface of the disk portiont2the |ower die for formng the | ower
surface of the shaft shaped portion and the height restricting nenber for
det erm ni e S S as 1n the shaft faqrmng
hol e port?gnkgnfﬁﬁﬁégg §8$%§ ee%‘glﬁﬁaﬁgldﬁﬁﬁgngceéé %k Bgrg% q{jlng
into correat dae&peeﬁﬂéﬂcaﬁ@hfeyﬁlﬁgte&fqgw%el@@@C@B%ékCEEXfB%EW%ﬁﬂ the
shaft shaped portion and the di sk nenber. Furthernore, by adapting: nmass
wei ght of thhe ¢l%lss nwattdroral , thhapkswef disspdoti vEodnesganchali fensiron of
t he hei ght stricti_ng member to the final di rension of the disk, it

becones p8§§§BF8 t 8% prdfucehafd st therti ek oang b?hﬁre§§%ﬁﬂﬁhng
wi t hout &sgyk}g&pgngnxeﬁ&s@% [ gBtbehohg! R BULLASLIBLE palace Jehe

shaft form ng ortron in the internedrate dire"Ts he rou %ol e,
t he ShafttﬁhapeésﬁprQh@nlﬁaﬂhéesﬁéﬁﬁr&b@bﬂn@nﬁol@p FRliloy: mqhqe%ev@& t he
ot her hand, since the press die of the exanple odi nents for press

mol di ng th@sgﬁ%s@umm heldiorstprmteas W t e the umieilrd_,] ginttchecdmwert di e
and the i terned|$t$€d| processed into the shape of the_ shaft shaped
portion afttP% hah AFrEYGe T YHEYOLK 66PﬁaﬁﬁréFlFHekﬁ$W8§H tSeoduct ,

o2 on!orREEE PERAYC Rl pLpeL Rl e ULl Speffol! | SR DER SN
al so restada@dtethg 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 molded 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




by the shaft shaped portion of the internediate die, circularity of the

di sk portion and the concentricity between the disk parbtiearardobhe shaft
portion can be certainly achieved. Furthernore, in the press die of the
exanpl e 11 Cctober 2005 - 13 enbodi nents, by constructing the height
‘dinension of the internediate die to {pe equal to the nolded product, the
outer periphery of the nolded product 1s restricted by the «circular recess
of the internediate die. On the other hand, since the shaft portion is
restrict eembydihenishaf by foomsngudiol ey pahki ane ddht heliimgherimadi &f e ttiee,

satisfactpr{ circularity of the disk portion and satisfactory
concent ri tREGEPEMREN CHE dFekbporedem! ak@ tHee sheldedpRrodican the

_ ai nl ' : di he . di i f. i di at
e it reTRet GHEERRRRT) R S s T T he ML B 17 ot PEn ¢ e

hei ght di¢eethDir GaRkdee deterdidedntbhksaqibhe piess di gnace dighget-o the
exanpl e enbodi nents includes the internediate die in divided construction

to elim natednecésset \tiof shedt mpoirtfion For mepgriheedetssstiod thafdi e.
Al so, the_intermediate frane and the outer franme are only required
machi ni ngt OfML aRelehBretang &t drheliprersdiate adiei t se&1imdeRIATHg t o

achi eve s i.cient,. preci.sio The l.di ng_prqcess qf the disk wth_ the
shaf t shé%%%ﬁg%or ?%n,‘%%co?ﬁF%g f%ﬁ%%e gf%%ﬁf@'enﬁggineﬁFE}SFgF%Bfgss
mol di ng tdenerassi bt nadeyddn t hendi ski senbgsrhavhngahhe tabaf thghaped

portion at the center, conprises the steps o pl aci ng the glass materi al
of revol wot budycahape hevicagndy achieved. Also, according to the
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 required machining of

"~ plane, hole and outer periphery to facilitate machining to
achieve sufficient precision.

The molding process of the disk with the shaft shaped
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




circular cross-section in the direction perpendicular to the center axis
on the shaft form ng hole portion of the internediatadicetwokh abogni ng
the center axis of the glass naterial with the center axis of the shaft
formng hole portion, and subsequently perform ng press nolding for the
glass material to obtain the disk with the shaft shaped 11 Cctober 2005 -
14 portion having satisfactory ci rc“ulja4ri‘ty. On the other hand, the nol ding
process of the disk wth the shaft shaped portion, according to the

exanpl eha@%m‘ﬁiﬁi %raﬁqrs §§6§?#qgggcéf%%%é@ss substrate of the disk

menber shape ion a center, conprises the steps

- of placing theogl ass nateeralhagm,t hehe shafitdiher mrg:&od e oporinondekkt he
internmediate die with aligning the center axis of the glass material with
the cent@érthxitheof shpétshedfapddr ponginol e poraidimg &nd tlsubssquehel y

erformn ress nol di for the glass mmterial for certainly achjeving
'goncentriwﬁgﬂ?%ﬁh E?ié Fhssie dg‘?fﬁ?ﬁg aﬁfiet 3SFaft! rcaitc%.ofntpﬁe

nol di ng p S feorth._ab . S g I ion in
the int er%ﬁ?a@%ﬁgi&g ig‘san]lzleﬁaQ %r e%!aa&tcteléea tecggﬁ%%%{% c%ymﬁﬁgh%teag&g:rass
materi al ¢suptdsdbe phacethegd b5 pPassiiblee e syabky achiceve@isadh staetory
concentricity between the disk portion and the shaft shaped portion. In
t he nol di W%ﬁ odegaing neele heorsemebfhttivt dheersphéprealdif awéthateri al

(i monsi o DO RS SRER CHETH ng ™G & oFPrort %1 hBSERESPhedi b BPE i s set
to be equalcdo the di nppsign ofghe St}%fﬂniwp%%lgorbio‘}@igk the 4ng
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 hecle 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 heole 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 te be molded, it is
possible to eliminate necessity of machining after molding.
Also, gas will never reside in the shaft forming hole

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




product to be nol ded, and a dinension of the height restricting nenber is
determ ned so that the clearance between the internediabetrdberandoghe
~upper die becones equal to a dinmension of the product to be nolded, it is
‘possible to elimnate necessity of machining after nolding. Al so, gas wll
never reside in the shaft formng hole portion. Thus, the desirable shape
of disk can.be produced 11 Cctober 2005 -~ 15 only by the press nol di ng.
The press die, according to the exanple enbodi nents, for press nolding the

- gl ass Su%n%fitkg}ég&%igﬁégé% - having the shaft shaped portion at the

center, co upper i'e Tor performng press nolding fromthe
upper surface,Thd herdgit erirgdizaterdiaghavi RgeacRhipad i énbo@iingalst, frer-m ng
hol e portions for form ng shaft shaped portions, the shaft form ng hole
portions W wetdhedthia alassnenbabraténcér fbei dgski mkmbechhetvhen, the

| ower die for form th | ower surface of the shaft shaped. portions, and
the hei ght"® rEiTTT T TFRF SreBRTL 1 = ek BPnTRPHEE doBPEES] 5f SakBENFOBES he
press. Theref , dj n il nst.r.u Wi upper
di e, thehﬁoﬁer%gi eﬁéalﬁfdoo‘{“ﬁgrc@{ n%g?grrgdingﬁﬁ A fgm&gh%gleplc&ﬁgﬁ tih%ffta?%é hol es.
Thus, maitienancernédihee diie besoirg easylufdliber war eshafpl Eoahihy of
disks with the shaft shaped portions can be produced by one cycle of

~ press moldilfy. parelems dfag perovéss ¢hatie diadedv phrthenshatbeshhpét
portion, accarding t.o the exanpl e enbodi nents, for .,press nolding the disk

menber h %I}%e%oslﬁaf £GP p&ﬁtjiné’n é‘FrW_dceHPerathg‘PEBFF cBRpri ses
the steps ffe HACINY W @ScafRt 8EhELS hel 8WRIM NG PORY SPAPRiNEVERG the

CIrCUlarlower 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




cross-section in a direction perpendicular to the center .axes on the holes
of the internediate die, and subsequently perfornlnglgr@@&o%@&dgng5for t he
glass material for producing disk nmenbers with shaft shaped portions with
sufficient concentricity. Therefore, the press die can be sinply
constructed with the upper die, the lower die and .the internediate die
with a plurality of the holes. Al so,” %@pTuraIity of disks with the shaft
shaped portions can be 11 Cctober 2005 - 16 produced by one cycle of press

~ ol di ng. §Po& gegtggsoggn cige?ﬁ;§§€%siﬁbl%f§$rdi”9 to the exanple

enbodi nmen I ng S su ate of the disk nenber

havi ng the shabt S-JII@pe@lt]ﬁ)@ftllr@lmcﬂt tzhl@ pERAer di £ PNMAIHER%IItRe vppahdi e for

perform ng press nolding fromthe upper surface, a plurality of

|nternedl%K@mph¢e§mb@démeh§$vnéQﬂupﬁﬂﬁ&amwﬂdimgnthg gﬁesgh@mm&ﬂmmmﬁ .
shaft shape

ortion, the lo r formn r surface of the

Borti ons, g Eh? éirlﬁ‘gﬁ é@'ﬁ“%reé’stl??‘@r‘?% % GHhaRfEr PR hg dépr 686 ond
amount  of res or t es ie n co cte
“with the %%%%?Pdleéom%Pfé %me?hﬁleHERQEa %ﬁ%raFg?y ?%I?FQBFﬁﬁérﬁi?%ﬁe

di es, eam@l@ﬁwgngramptuéahppyrogukhechpla plhus) i Mg Birenancenefdisthe die
becones easy. Furthernore, %@urality of disks wth the shaft shaped
portions ‘éh?ﬁbeeﬁlc@ddé&e‘ﬁlmﬂl &he cyele foir pfessimpl dheg. sThEt nuihdipeg!

f the d h t t d ti n accor ta the
xanp o CRBSATen 10 BT 5 400 HOF af HETERE. Bhek [RiRBepureqary 64 the
concentrighdy: behween the-r disk mempber ﬁé'dhkﬁﬁh%gf%éséiﬂﬁ?grIfg%te'n@%rat a

center thereof, conprlses the 'steps of placi ass nma
: 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
portion, 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, 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 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
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

shaft forming hole portions. Also, a plurality of disks




revol ving body shape having the circular cross-section in a direction
perpendi cular to the center axes on the shaft form ngihel-e-pakt beng of the
internedi ate die respectively, and subsequently perform ng press nol ding
for the glass material for producing disk nmenbers with shaft shaped
portions with sufficient concentricitxr Therefore, the press die can be
sinply constructed with the upper dré,'%hé | ower die and the internedi ate
die with a plurality of the shaft form ng hole portions. Also, a plurality

of disks J}i:6rtebesn2PP5snatda potRibhe shafbespapadc rar Yobro%%ec% e

produced by one cycle of press nDIélng. On the ot her han the press die,
accordi ngof optdées mexhidme. enbodi nents, for press nolding the gl ass
substrate of the disk nenber having the shaft shaped portion at the
center, conpriQesthge ppRF &iead,orther Peesisngd bt esgcopsiddingg §9 ofhehe
upper surfac a plurality, of intermedi ate . dies, each_having. the shaft
form ng Hﬁ%ﬁﬁ%ﬁtg%ﬁoaﬁ?engrnFﬁé FHE “hdr! eﬁh%OQFFSH,S%FEtF r die
for formag thbe diawemedd@CRaPind Nenahaht rehaiRd P bd PPSon 2RE the
hei-ght restricting nmenber for determ ning depression anount of the press.
Ther ef or ecenther pr essnpt £sean biee congpenct dile witblh t bertdippetndi eprebe | ower
die and a plurality of the internediate dies, each having a plurality of
t he shaf tMO+GF nb P61 BRPORPPBR PHISRABE eacBABrRUEtYORE TRGSImegdptEenance

-of the dig. ggconéséscheasi,}/aviﬁlurt h&r nore,_ 4 &J&%@%lé}irgt %Pg)égdir%llésit\ﬁ[\nélh_r%he shaft

shaped portiohs can be " pr uce&aby one ¢ 1 ( grnnlding
process ofothendli ke Wkt henshahit pshaPSS, PREL1LONeragser ¢bh0 ehontRE

exanpl e enbodi nents, for press

. 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
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 simultanecusly with sufficient

concentricity between each disk member and corresponding




nmol ding the di sk nmenber required concentricity between the disk and the
shaft shaped portion at the center conprises the steps ofltRbae¢l pgogl ass
materials of revolving body shape having a circular cross-section in a
direction perpendicular to a center axis on the shaft form ng hol e
portions of the internediate dies of tﬂf press die, and subsequently
performng press nolding for the glass " material for producing a plurality
of disk nenbers with shaft shaped portions sinultaneously with sufficient

concent ri ghhytbejmaam eaehtdionk Merher-30a4Cor P NI gﬁe@éé)r}?e'beZOOS -
18 shaft shaped portion. Therefore, the press die can be sinply

construct edimpit yhecthetuppéeeddiwetht thel awgredidigndilae pbueal iy ahdt e

i nternmedi ate dles each having a plurality of the shaft form ng _hole
portion. FhUE2liaVnPénhheelntermpaiate Béeéweeaeas@avmet e el iy

plurality ef .dis t haft, sh ortiqQpns. can_be produced

cycle of %rgg% ﬁ%?dy% ?O%ﬁ$Pﬁ %l Sﬁ dgn5|n2@“Fﬁe ﬁ?%?ggﬁa%?%rgllty of
i ntermedi ahe diies M&né@ee%?ft fpﬁmw@mﬁ@i@ par tdans ifary $9r@1@@;st he
shaft shaped portion at the center, it is possible to inprove t

~machi ni ngwptlectseoaha bt pehaped pooduonsonanfbehprpdaseddbg wmehcwheeshaft

formng hole gortlons in high precision and the precision of the shaft
shaped po?Flﬁﬁ o Tredi¥ ded product. FurthernDre even when failure is

caused in the pol p ceurgence, |Iure | the d|V|ded
i nternedi ate d|esqﬁg%nl%ﬂ#aulﬂgg?Taéilon 0 %the ,%? d |n égheézape di es

is requi meleme@ﬁaﬁ@pa@@gdhaﬂe F@RRI SHATE ff@ﬁﬁirﬁj‘%&ﬁé\ pertsefs Whi-hout
repl aci ng. Thus, naintenance ability can be
formlng 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 infermediate dies 1is
fequired to be replaced and‘remaining fractions can be used
without replacing. Thus, maintenance ability can be
improved.

One example of the disk integrated motor wusing 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 conventicnal
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.




i nproved. One exanple of the disk integrated notor using the disk with the
shaft shape portion according to the exanple enbodi ment ostbseghownsin a
formof diagrammatic section in Fig. 38. On the other hand, an exanple of
the case using the sane sized conventional donut type disk for notor is
shown in a formof diagrammatic sectipg in Fig. 39. As can be seen from

t hese exanpl es, conparing with the conventional disk, the thickness can be
reduced by nore than 30% Thus, the exanple enbodi nents can contribute for
reduction of tHhekmndssve ofarthheothsk dsbiectmi t efFEcOetl obBsa 2D 19nthe
above and ot her objects, effects, features and .advantages of the exanple
embodi menfSVARFRIBECOME ridte SAFPREnt SHPERLIBBLEOl Vbl ndPafssts i proiten of

enbodi men eo kep_ in junction ., wth the acc anyi dr.awi ngs.
BRI EF DES%B%??’%’F& OEKEF&E %ﬁ%w‘gl\‘&q?fﬁ?g 1 S AR dé g&ﬁér‘%q“?_él&si on of
a press dtRerae€or didiger 0 tihe pEESAMct IVent i@hh Fighe 2 'a%c%m%%‘ﬁ;y'i‘ﬁ% of a
press die performng nolding by means of a press die of Fig. 1 for

i npl enent dngwangaol di ng process according to the present invention; Fig. 3

is a partial section showing a die portion for perform ng nolding by nmeans
of the press die of Fig. 1 in the first enbodi nent of the present

L?ventipn;_Fig. 4 s %R&?%nPEgbﬁﬁg&ggﬂ 8% %PEDPQEQIRéQQUCt of Fig. 3;
Fig. 5 is a bottomview of the nolded product o I'0.

Fig. 1 is an exploded general section of a press die
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 1is a partial 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 is a bottom view of the molded product of Fig.
4;

Fig. 6 1is a partial section showing the press die
portion in the second embodiment of the present invention;

Fig. 7 1is a partial section of a molded product
portion 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. 6 is a partial section showing the press die portion in the second
enbodi nent of the present invention; Fig. 7 is a parthal gseebkenzobhsa

nol ded product portion of the die of the present invention illustrated in
Fig. 6; Fig. 8 is a front elevation of the nolded product in Fig. 7; Fig.
9 is a bottomview of the nol ded prod?gt of Fig. 8, Fig. 10 is an expl oded
general section showing the 11 COctobef 2005 - 20 press die in the ninth
enbodi ment of the present invention; Fig. 11 is a plan view of an

i nt er medipates didi ofint bBe PILEE shilBo@imEnG: o£Gh&iphedent SifvdhPbne! evation
of the internediate die 5 of the press die of Fig. 11; Fig. 13 is a
section of th&igreskl die & @rlaervdewi of anoiditegrenplayendia pfeskedi e of
Fig. 10 for inplenenti%%_ t he nol di ng process of the ninth enbodi nent of
the pres@heS$ndeft PdnFi® F197 14 is a partial section at an initial stage

of nol di ng of;.;the di t .Flg,.13: Fi.g., 15 is.a parti al
section of thfglr% c}%%p%rgdl%&ﬁ%o%f?%%{:ﬁmt ﬂéf gP&%%&%ee“‘b?é%?ag ?ﬁ? Fig. 16
i s a parigfaltipé apresewdie tde FRded jproduct 15 portion of the press die of

~Fig. 15; Fig. 17 is a plan view of the press die for performng nolding
enpl oyi ng a pFdss diZ ifor isepiteentoAgthbeproakdi dde @oac grar ©drmbagt ent h
enbodi nent of the present invention; Fig. 18 is a bottomview of the nol ded
pr oduct yp%ﬂkpg 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 oftFig. 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;




20'17; Fig. 19 is a front elevation of the nolded product of Fig. 17; Fig.

20 is a section of the press die for performng noldiingdeycweanseek the
press die for inplementing the 25 nolding process of the tenth enbodi nent
of the present invention illustrated in Fig. 17; Fig. 21 is a partial
secti.on upon nolding of the press dig,portion of Fig. 20; Fig. 22 is an

. expl oded section showing the press die 30 in the prior art; 11 Cctober.
2005 - 21 Fig. 23 is a section of the die in the nolding process

enpl oyi ng t he Riahve iishal speedendpg bheRife 22;tHé moPding proaekisal
section of the die portion corresponding to the nolding product portion of
Fig. 23; SMp40Y389 the f‘F%YeEItéWJOrP%@S'ﬁhélﬁoIQfﬁg'Iggodagt; inftgg pr|2 gr
art of Fig. 23, Fi 26_1s a bottomview.of th product o i g. ;
Fig. 27 ig a ?Eéfig%4o$5t%egﬂﬁ;+%flﬁ89£iﬂﬂﬁﬂ dgﬁﬁoa&ﬁu£QFEﬁ9Pn tpe i
fourth erdwei : I | (VI Ye W =i o | S Il og,0f the
die in the as(ggg%flggntd;gr%iﬁgﬁ?ln&?ﬁg #)thaﬁée%ng)gﬁeéﬁ %‘F fﬁé'p?géent .

i nventi on; FiFgg2®R5sia aedranmt ofléhetdion ioF tiee exphedar sesaber 15 in
t he sixth enbodi nent of the Eresent invention; Fig. 30 is a section of the

die in tH& &RenBrégr @gidier ofion 2% sixth embodi ment of the present

i i : | Qe i.S. i ration show ng a constructi on of
Invention; Fi 9"193.12|631%na|1:|)c|) E:[Dm v:'i_ew of 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 fifth embodiment of the present invention;

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

i5 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 an illustration showing a construction of
the device in the sixth embodiment. 6f the present

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




the device in the sixth enbodi nrent of the present 20 invention; Fig. 32 is
an illustration, showing a force to be exerted on thqln@h@ggeprggggt
during press molding in the sixth enbodiment of the present invention;

Fig. 33 is an illustration showing a condition where 25 nolding is
conpleted in Fig. 32; Fig. 34 is a segilon of the die in the expl oded
condition in the seventh enbodi nent of“the present invention; Fig. 35is a
section of the die in the assenbled 30 condition in the seventh enbodi nment
of  the prgsamitidn@ctober 2005 - 22 invention; Fig. 36 is a section of
the die in the exploded condition in the eighth enbodi nrent of the present
invention; 5 Fiig. 3¥ i $saasesdioionf ofhéhdi elien ihethesemplsiieg¢ondition in
t he elghthlgfbodlnent of the present invention; Fig. 38 is a diagramatic
section &© %F%?nlﬁPe&#ﬁ%éﬁlgPyﬁeﬁﬁﬁQﬂlmﬁnﬁg°§ dihes BFepentshaft shaped
portion . gf, idd.present invention; Fig. 39 is a diagrammtic section of
a notor portion ThA the case where the conventional donut type disk is

used;sand Fi grig40 37 ai §eaSBRIH 16n VoWt Rk A1l Skn dEh%e Jlidmp g assenbl ed
therein a disk I ntegrated type notor of Fig. 38. DETAI LED DESCRIPTION OF
PREFERREDOBVEHGAMENTS Adica elighthr emblodiingegt ass slestpméseher a di sk
invention;
¥ig. 38 is a diagrammatic section of a disk integrated
type motor using a disk with a shaft shaped portion of the’
.10 -p:esent invention;
Fig. 39 is a diagrammatic section of a motor portion
in the case where the conventional donut type disk is used;
o 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, dimensioﬁal precision in. the order of
sub-micron is required.

30 For satisfying such requirement, a die having a hard




20 .according to the present invention, heat resistance, oxidation
resi stance and nechani cal strength against high tenpenabuienardobbgh
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 thesether hand, a surface snoothness for
hi gh- density magnetic recording nediumis required. Also, as a notor
beari ng, dinensional precision in the order of sub-micron is required. 30
For sati $#§kal wich gepd reexkabididive dmvangaarbar éinld fxiwebdr wad®b - 23

netal with good workahility as_a matrix and formed with a noble nmetal
alloy fi |am‘g% ﬁ?o{“&&ailvéﬂffq% félwpﬁwrot%ﬁ/éwr £idie &8 eoptimed | i mited

to the f [ I allo ﬂl

app! i cabﬁ{e to %gﬁﬁgﬂ % (ﬂé% ilse%és;]tte‘%lnlglgégngﬂtteré% é’cﬁee%o ?ré b?H&

consi stedidd. platinum (Pt), rhenium(Re), iridium(lr), osn1un1(cs)

pal I adi um (Pd), rhodium (Rh) and ruthenium (Ru) as major conponent and
al so Bontain &s hebdte madzaél aldoly fellect éd 19 @PPDYcabeotp €ONEhshed of

tantalum (Ta), hafn|u3%i , tungsten (W, gold (Au), platinum(Pt),
r heni um eas?r?%@ ?Wﬁpt &9%Qﬁﬁ%@3?mopﬂlBagmmﬂg}qgn81ﬁbdﬂunf(Rh)
e I.S ified to one enploylng

di )
igdtLgtP§ 90|ng n&g%@ %EEHTogR?P|n1 A§£H”§P§§§ ) ma P& ¢ 6084 enpl oyed
in the ptﬁﬁ@ﬁﬁdluﬂVFPHDOnrhUdldhc%ﬁﬂf 8 fﬁtﬂ%%ﬁiﬁnhav ﬁQé§QhajBEength

as a substrate for a magnetic disk. ass materi
component and also contain at least one element selected

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




Young's nodul es greater than or equal to 80 GPa is desirable. 20 On the

ot her hand, glass material having high chem cal stabijhi ty.+rapd ] egser
i nfluence for the magnetic recording nmediumis required. On the other
~hand, glass material having tenperature. characteristics adapted to gl ass
nol di ng and lesser influence for the die is required. 25 As glass materi al
~satisfying such requirenent, while “.fdt limtative, alunino silicate type,
alum no borate silicate type, alumno lithiumsilicate type, zinc alumno

si i cat e Htoypecgl BF's gfo @, SOLONLABY VA PPl £ abbe grA M SEOshh) hed! ass for
press nolding is preferably 30 a softening point of glass, and preferably
in a randewigdingcrabge .2@@hesPdn d40' the HR8spdise suifrabe yEsensity is
greater than the foregoing range, adhesion on the pressing surface of the
di e can M KARIPEFGA r &URHeeFEPTeh itheigealpshrisadsigegapenones

| arge to S Ifficulty J4n_precise 5 transfer of .the pressing surface of
the die. Cﬁ%’uﬁsﬁgtﬁégéglgﬁ%sl% epﬁ?sf:l?lues‘? ogﬁjg?épﬁlttéfrde‘? BFEE™-Son.

Fur t her Mpizendreakage oo (i gl 2ag SHISIAL CopaRRRE drllis ey, On tpe ot her
hand, when the viscosity is small&r than the foregoing range, sufficient
def or mat becaspeednoanpoissih 1 bbt sbtedin WeRgeteprelcilopsni s applied for

obt ai nin sufficient deformation speed, breakage of the glass substrate
can be chydddhexymorae kierkagemif the plass suhpérathe eansberafusadly  as

e i ci endl the prbek FAE: dnSh Fhe v FEnBay dre e Lemparatron| ose to
Egs-g|asﬁo%@adﬁﬁﬁgraﬂﬁbqtd&ﬂfﬁéf@ﬂﬁra&%ﬁiﬂgﬁg5htgﬁegh$%%ﬂ&é%(Eeglass s
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 1076
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.




poise) is suitable. The preferred press nolding tenperature is |ower than
or equal to 700C, nore preferably 20.. |lower than or j8qupk 4262065 and
further preferably lower than or equal to 600C. As a pressure for press
nmol di ng, the pressure in a range of 10 kgf/cnR to 600 kgf/cnR is
preferred. O course, the pressure is to be variable dependi ng upon
viscosity 25 of the glass. Wen viscosity of glass is high, the preferred
pressure is to be less than or equal to 100 kgf/cnR2: Even at the softening
poi nt of Thassewpldrsuidfibdef praesioe of smdddbad,0werpidasuer edvale to 600
kgf/cn2. |f the pressure 1is too high, breakage of gl ass can be caused. In
30 signi ffRaatCEAEECadePFaraLon Bott faugiag dirdskegesel. the Glasser 2005
a pressure close to a

- 25 In viewoint ef.figiency, of | di ng, S

critical %ﬁ%ggﬁrg%? - AN gf5¥5&€ RffefRBrg 18y bryderiyedd. Such
critical pegssymenTa) Re. derived experinmentally. 5 According to the
present invention, the press die for press nolding of the glass substrate

of the di sk nerdisrdbaygi bg tihe phesenthanednkadn Oy gl SRt EoROr ti ON,
i ncl udes an upper die, a lower die, an internediate die having a shaft
form ng Aesponeldinioof ofire nglalss shiistratesbdpdtheaiiskhnmemabera hei ght
restrictin restricting nenber for restricting

| at e, seryi as, a hej ght
hei ght. AGESY gggh%@% r?haﬁer?ogéfbf%%lh@tsm SR EREGPRSIEYdrti on by

G Snars ootk 8 L e il U IR ORI O,
accor di nthawingeneitaat ¢ doahiagf henedparasiod Her fwradalt thar ghagthol e
10 shaped portion, and a height restricting plate serving as

aheight restricting member for restricting height. 2 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 into 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 filiing 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 desirablf lower than
or equal to 100 kgf/cm®.

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




portion. Therefore, upon nolding., no gas will resides in the shaft shaped
portion to nold into accurate shape. Furthernore, in andeetl@®er a¥oisd

resi dual gas, such as 20- air, surface roughness in the contact surfaces
between the internediate die and. the lower die is inportant and 'is
preferred as rough as possible in the_extent not affecting for precision

._ I n di mension of design, preferably gréétér than or equal to O 1S. On the

ot her hand, during the 25 nolding process, the press pressure for filling "

the gl assa momiBiG Prodbsstbe try gk QAN @aef Shak@r mlageh o$taln shaped
portion is preferred to be as |low as possible for facilitating discharge

of gas, anpllegsr &bley fanegotihgn preseqdak .t oTHhE0 gAgid<cmBated9adn t he ot her
hand, according to the present invention, 11 Cctober 2005 - 26 a nolding

process dteYHRIGR FLEFw aﬁhée§ﬁdﬂvl§Hhﬁe61@QQﬁ¥ﬂﬂ-Rﬁﬁp%wélﬂnéjﬁbﬁég0|ng
ress die, n r.cu ection ipn a_direction
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portion, for exanple, spherical glass nmaterial may be use (o] aC|I|tate
hi gh pregaithonontentexaimpyehes phetriidal glkald mehapeth Daidy @@ asddt he di sk

menber in the nolded product by facilitating accurately matching the
center tdwdachlitpdestuighf preicis i ecppcentrianidky heetwereer thes of

| di b form
St Dot ¢ reAgPadk Rk Pl andadiis | SEPKOMEMReT ot e N1 43tk ol ted
product WAdnkkehy Xc'fréﬁﬁfitéfflﬁgn R0 AL PG I mate i & NERAP L 8n (Y

provi di ng chanteri process
: 16 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 the
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




as fillet process and so on at |east on the side where the glass material
is mounted, in the shaft formng hole portion of thejntergedi-abegdi e of
the press die, contact between the shaft formng hole portion and the
glass 20 material can be stabilized to facilitate high precision
concentricity between the shaft shapeq portion and the disk menber in the
nol ded product. On the other hand, by gdépting the mass wei ght of the

gl ass material, shapes of respective dies, dinmension of 25 the height
restrictiopgephtatierand so on to the final dinmension of the di sk nmenber, the
ol ded di sk product having the disk nmenber and the shaft shape portion can
be obtai ned &Atkeghopriesitss ocndnfpaiyne e36 hbedpmgserfuritreembion a

plurality ]gjrlpt?ess nmol ded products can be 30 forned sinul tar_leousl_)F[L t hr ough
one cycl &bt pPEESTTo PR ANt ek 9leFe Y68 L empodipent s owhichy Wad lobj ect s

and f eat | | ] e ren rom sever al

enbodi melrﬁésa %ﬁ%ﬁfw@?ﬁﬁf%é %%?ﬁe ﬁlcel-ga x‘{ %hlrée% %rgg)r[{%g&?%l?ﬁe&]é%‘gﬁﬂﬁgnyi ng

drawi Bgs. (First Enbodinent) Fig. 1 is a section show ng the first

enbodi nent of a press die for inplenenting a nolding process of a disk

w th a sHEirshapedpqsmémn) (outer dianeter of disk portion 10 is 25.4 mm

. a thickness i%_o..38 mm a dianmeter of the shaft portionis 4.0 nm a
length of theTsthftl pbFtRoRerdions shpying; ghe firsts emhodipentaedry

LS % S0 A0 LS 9 108 B B oF B kB O °5%,
di sk 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
| i3~ embodiment for implementing the molding process of the disk
with the shaft shape portion, according 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 ashaft 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 jum.
On the other hand, the intermediate die is provided
with the shaft forming hole porrtion having a diameter of

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




. with the shaft shape portion, according to the present invention, is
~constructed with an upper die 1, a height restrictionipaiendrsepyisng as a
hei ght restriction nmenber for restricting height, an internediate die 3
provided with 20 a shaft form ng hole portion 3a for formng the shaft
shaped portion 12 of a nol ded produc% 11 at 'the center, and a lower die
4. The upper die 1 and a lower die 4 dve protective films formed of noble
netal alloy on a surface of a hard netal 25 having a dianeter of 30 M i n

the prespporétonveThie1suifaedfof heoblat Reliate af1ildy hes Frsvibage
roughness Ra of 0.5 nmand flatness of 0.2 um On the other hand, the
internedi ate diegrd s dgreand thed anid thtileksdastof dihve apalfidl £opmrinigohohavi ng a
dianeter of 30 4.0 mm On the surface of hard netal of 1.5 mmthick, the
11 Cct ob&OBpHRn_2a3g detRmpined dAn genshderat isshiat nvkkarmall oy s

provi ded. i§gq; d i ckness of .the shaft. formng hol portion
are det ersnt%gr@d‘g?%gconsﬁe %%%r}%)\?rfﬁér%idgﬁﬂi ﬁﬂagéhldﬁ hag %?%@geﬁuri ng

ol di gig Mitd(]‘xvsviiﬁﬁegrﬁﬁhﬁr the 485igocyal %%asfsh%t}é&é@é%iﬁﬂ Ehgss
substrate with the shaft shaped portion. rrection of di nension by

t her mal sivafikagieapad peortdesmyved from thermal expansion coefficient of the

material or other parameters. Final correction can be to experinentally
adj ust ed adapfPAgFact-ier @b dimgnssmn thvnthermalhshgrigdeagé ecan bae

Peoers PRSP EuRRty Hiln O ARk 8l St CSBERD v
surface) oof diiedi pErARERRITsl3 Fidhe mohded P edushinlie
10 ¢ 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 1lb and 4b having slightly
.greater diameters than those of the pushing portions 1la
and 4a. The pushing portions la and 4a are adapted to
20 - engage with a hollow portion defined by the height
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




1.5 and a | ower surface (thrust surface) of the shaft shaped portion 12,
and are of convex shape with pushing portions |a and #a e Hdangr s
portions Ib and 4b having slightly greater dianeters 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 restriction plate 2
in vertical direction. Furthernnre,"ﬁﬁe',height restricting plate 2 is a
cylindrical nmenmber for restricting height of the disk nenber (thickness of

the di skré§t@i38 MY nafithds iprﬂ?&ﬁﬁ&@kﬁésémﬂlaaermwaétiagfoaﬁcftof med of
hard nmetal. The internmediate die 3 is disposed wthin the hollow space of
t he hei ghtlr#st diedtiimaiplate 2 to clanp between the upper and | ower dies 1
and 4. By abutting the flange portions |b and 4b of the upper die 1 and
the lower di e ¥ RS SEAFSofiehelpthespirsenth ittiesoiani ghtrdbressi on is

restrict berefore, by the height 11 Qgtober, 2005 - .29 restricting
nmenber 239?%§1ﬁﬁi§%ﬁ%§%l%¥'tﬁ§ ﬁﬁﬁﬁ@ﬁ Prolid8r %1 9% ﬁéF?ﬁedf%%1the press
die ok thenpeemenl 4ty &id of 150k ] djz$K. 4as- in Fig.
2, at first, the g'internedia%% d?gh%%?%(ﬁgﬁﬁFggi%ﬁgfhgi oner %ﬁgﬂg. Then,
the hei ghthe ds¢1ghti pespiraiet Pndoplaest pi ebimgebeigtitisy ABIGhedis
surroundi ng the pushing portion 4a of the lower die 4 and the internediate
di e 3. N&QunEefdgruryrumpiegséhes pvstiiong Bompéoyl dss oftehée aloweral umi no

he L) | fLeni 600Q) _is placed
oS b A 8B e ST a0 ! "
|nterneméﬁﬁb£%§séd.é?ﬂé%fcék”%haﬁé“bigggh&a%ggfaftéggaﬁhﬁwiég,S

designed to al so ser
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
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 perform molding of the glass material
10. After reaching 600°C, the stages 5 and 6 are maintained
25 1in 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




as a guide for the, pushing portion |a of the upper die 1. 15 Then, such
set of the dies are nounted on a stage 6. Thereafter, a9 2 2% sl owered
to abut onto the upper die 1 to apply a |oad of 50 kgf for clanping the
dies by the stages 5 and 6. Then, tenperatures of the stages 5 and 6 are
el evated 20 by heating wth heaters i and 8. Thus, the upper die 1, the
internediate die 3 and the | ower die of the press die is'elevated up to a
tenperature of 600C near the softening point to perform nolding of the

gl ass matitré ajlads. mAfticarisPachi Ageb@o1ddedsHATLs 3 ¥d-$i Rl §o RNt ai ned
25 in place for 5 mnutes. Thereafter, a load is increased up to 5000 kg

during at®mpematerpeofotld 0IC medrisent wheresed i% LowHRSEWd 50 ke die for

press nol_di Subsequent | the heaters 7 and 8 are turned OFF and the
load is %Wﬂ%@@ P&iﬁgﬂ) dughg aredemavadat a tiempeaoatpperlewerl, the

Intermedigte die 3, the lo -die 4 and 11 COctober 2005 - 3 0 the glass
mat eri al Lt?’(‘?%ar%]?cggl‘lgg d:o(?/mv‘f‘ltig‘d‘; strain point tenperature of 440C . Then,
the Ipad is | owesef nicl $Pnkoet LB LhNGLEREIEY fé‘i‘t‘{lﬁf i ved at a
. tenperature | ower than orgequal to 100C. 5 Pr e?s no cﬁ%g Vgle{tgﬁggrﬁﬁ above
i s perfopmedogedichamberminsedndbdibera sasiogyebbdyha takenthd8ror the

i ke under inert atnpsphere.filled with nitrogen. Nitrogen to be filled in
the nol diR§IthaHR?SPhemg tiekbledowidisiniconegen . sNitmagen ebe hel di ng can

ol ass matarrald 1ot PEAENY e Jasd e el hal vt b el ol ded
so that press molding can be performed in clean
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 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 .
20 the information recording surface of the disk portion was
0.5 nm, and the circularity was 25 pm which falls within
the target range of 30 pm. On the other hand, the flatness
of the disk portion was 1 um 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 préss die
for implementing the press molding process of the disk with

30 the shaft shaped portion, according to the present




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 di sk por tjijoR4ue L0 sppesence
of the residual air will never appear to obtain the disk with the shaft
shaped portion wth 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 28%the information recording surface of
the disk portion was 0.5 nm and the circularity was 25 pmwhich falls

Wi thin thgvbataeln [ aR080ak t3hAMBd Y {1He 1Y mgffr%g{&h? e thelh@eh o the

di sk portion was 1 pmwhich falls within the I at nes pm
Fur t her norestrietdong erltatieiz y tie hatveenciiatd gk par bhantapdlbhershaft
portion was 2 pm as targeted. Thus, the notor shaft falling within the
target rahye akoh@uspielheBesidugl gt vichhesf edeyongtibeotiéks, t he

press die; f | ppl ement i ng .the press, nol di rocess of the disk with 30
t he shaftl%hg%%dgggr ?P&?O%&&&Iaiqé ‘is*betﬂ%a%%eggﬁmﬂg Qe bpcpovhaon 31
i nventsi omgai§gcC d L4t ' " ejght, r ri.cting
plate 2, t%e ?n?reffrlrggiﬁg?lehgjileéggﬁtﬁ@F%\k@re%lcﬁﬂgﬁaf%g%r%?/eﬁ@%?gﬁ dual

gas, suchtls presermbhddd paoduet the hapisrd thel HapOfad heshghbdl or M ng
hole portion 5 3a as a through hole of the internediate die 3 t0 obtain

t he pres¥hbpRdeaesisdiler tuanafemgimg thapdias designed with precisely
transferring e di e.sgﬁg present . invention has been illustrated and

di scussed in terfsPbP ARG EhPBahAENPaRR | hylurérated ardt
ook PR A 0O th TSI B AIOSA Tl O
10 height restrictingplate 2 in cylindrical menber. 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 tomount 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
200 only guiding function without restricting the height for
controlling the height by detecting the height between the
upper die 1 and the lower die 4 by means of a distance sensor.
On the othe:; 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.




as the hollow ring shaped nenber set forth above. For instance, it is
possible to arrange the height restricting .plate 2 bqhm@gﬂo%@? pYgRI Nng
portion la of the upper die 15 1 and the pushing portion 4a of the | ower
die 4, to arrange the internmediate die 3 on the lower die 4 to nount the
height restricting plate 2 thereon, g to nount the internediate 'die 3
on the lower die 4 and to provide an %p?opriate gui de neans between the
upper die 1 and the lower die 4 to provide 20 only guiding function w thout
restrict i dtewheighFigor 6 ,cangneldd ngatseihei aht iky pdeiieahingrihg hei ght
between the upper die | and the |ower die 4 by neans of a di stancé sensor
On t h&igthehefadntoevidie i spheriowl eslbagenent, construction and

érrangenent oh?the hei hé,restricting %!ate can_be 25 simlarly nodified.
. (Second Enbodiffe5eEs gdie #iges glrpbhe fecndnemeridaiendntof nthe press

die for g;gg Spptd LN r s .Qf the disk wt 30 the shaft
shaped portion aci(:I({)]‘rgedlltl Egogghgﬁegtplfgegéﬁ% ?ﬁ{}g% !u(?ﬁc.l.cﬂ ied &}é?e%bgn_ 32 As
showns i nals &hé, dgeghaesl M efhal Fidddo Mgl EFLBY idnbodidbaled into the
spherical shape. The press die used in the second enbodi nent of the

present [hegrafene hakhe eresssdtenss ramis bnuandddivirehsiha uppas dhe die
used in the fqoregoing first enbodinent. Therefore, the press die is

“construc e&%ﬁ lﬁhQMP?ﬁ$%ngP9?tﬂQHt#ﬁt#ﬁdpﬁ@ﬁiﬁéapgﬁtpmrﬂipanhbthe
reatri ot rne eobeaF P ICRIN PEertE 18 TDiREe O 4R cHiedi ate die 3
havi ng thesthafdt {RgMnBaue eeder bR rid3a £10§ £REMHAG Jilie, spgkt shaped
portion 16 of the nol ded

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
intermediatle die 3 of 4.003 mm diameter can be placed the

200 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.




product 15, and the lower die 4 with the pushing portion 4a and the flange
portion 4b. Press nolding is performed by placing theg eiGal, pglsass

- material 14 of 07.39 on the 15 through hole 3a of internediate die
according to the same press nolding process as. the first enmbodinent. In
the shown enbodi ment, the spherical _gggs_s material 14 placed on the shaft
formng hole portion 3a of the interitediate die 3 of 4.0.03 mm di aneter
‘can be placed the 20 center axis thereof matching with the center axis of

- the shafNahely, nashaloovor inoridss. By poess meitdidWactbeyyl ass material.
-is spread in circular shape about the shaft formng hole portion 3a at

- the cent éfOREeRREICAtar weenditdreg shafhoktiapgd heodtskn23 énmenbea 17 with
t he shaft_shaped pqrtio 6 by .the nolding, surface_of the pushing portion
la of thedju?)rﬂgfeﬁi P'Hﬂd%h?h légp&ef%‘??aéé of thediapetrEdiBatiesS die 3 and
t he shaf tcejf:ﬁ’é_%ﬂ? helig ApLgion 3a for formng the shaft shaped portion.
Al so, concentricity between the shaft shaped 30 portion 16 and the-di sk

nenbes 17 can e asptainkyl @ik dgdthlinetahert 288apedBHoMNeiBhY 1585 Shown
in Figs. 7 to 9, satisfactory concentricity between the shaft shaped

portion T®kded talitheesbrpk asdsehenlitdie diwbsimil aof1va tai &het EirBH s

certainly qihcileved. 5 The obtained disk with the shaft shaped portion is
mol ded t EPIRIERGPE -asPEBL G1q HP ReLLPRrraPly the masidpal adFpdai ment .

Cont e e BEGERCBRE Aol AR UL Bl e HELSG IO P8y,
appear t aoptraisenk® bFetBeskewithdinaishatl 15hapesd Rppehent¥idBeigh
Pt eCIlg'l Orilz'he 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 pm which falls .within the target range of 30 pm.
.- 'On the 6ther hand, the flatness of the disk portion was
"1 pm which falls within the target flatness of 2.0 um.-
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 isg 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




On the other hand, the surface roughness of the press surface of the upper

die is transferred precisely so that the surface rouqﬁn%@§oB@rogogge
i nformati on recording surface of the disk portion was O. nm and t

~ circularity 15 was 25 pmwhich falls within the target range of 30 pm On
- the other hand, the flatness of the db kK portion was 1 pmwhich falls

within the target flatness of 2.0 pm"™ Furthernore, the concentricity

bet ween the disk portion and the shaft portion was 1.5 pmsnaller than 2
.20 pm aslfargeted. Therefore , the notor shaft falling within the'target

' value can be obtained. (Third Enbodinment) In the third enbodi nent of the
mol di ng proces¥ ofhehet drakdwi s tshwwhain Bhgped poxtdimensdondi ng to

t he present vention BﬁfﬁfnStrUCtlon and di nension of the press die is

sinilar to ‘-‘f%etq?%r’éb‘b%@e e digodi it %@%@SM@H@CM%@S

heri cal ' | & b to th
e o (hinpeRaTREC dimbfishioR P ) sh%%%f‘?f B ROREREE, 167 %0t the
nol ded prefiuthe lEi@etlohaiaBO0bf- tife dbsk e OtNErobaRfle 10N i n

Flg 6, a dinension t of the internediate die 3 in the thlckness direction

s adapMd@CthéSdl mEwgitdre ofiorhe shafimesbsped pertd aud6ob af the final
17 of the nolded product 15. Furthernore, a

shape of t.he disk ne

di nensi o Q&?%ﬂ?ﬁﬁ]§Hb£ft¢ﬁ%kﬂg§glkﬂ(HOEFEPBuéﬁlm§[ﬁhﬁl%ﬁpﬁﬁ et he
D st LKD) ISR UL 0 O R LSHER, oo
17 of t h@l@hdeﬂ tHOEKEE sE5t O the ih’ﬁélnned:l.ate dle and a thickness

100 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 bf the molded product
i5. However, when high dimensional precision is

20 required, correction has to be made in consideration of
thermal shrinkage of the 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 sum 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




shape, is set equal to a height X3 of the height restricting plate. As
shown in Figs. 8 and 9, by perforning press nolding Wﬂt%cE%%eQO%gb%at'on
set forth above, the dianmeter A of 15 the shaft shape&'portlon and the
dianeter B of the disk nmenber 17 and respective heights hl and h2 of the
press nolded product 15 can be nakqnggugl to the dimension of the final
shape. of the disk nenber 17 of the ded product 15. However, when high
di rensional precision is 20. required, correction has to be made in

consi der atdbohell whehmilhes ltré flageos! thbe rdist Bt eIhg papdel. heTgleass to be
nol ded. If further precision is required, correction on the basis of the

resul t ofcQE¥aaties Hpmgthepmalnshrdndeage biss madle £25 thecdimenk iidie shown

mbodi ment total . di nension 26.880 mm as_a sum_of 15 nm of thickness of
te he pushi¥y ta‘b r‘%{i’ﬁ# PG the §hpdt fhenedipogkism 9hexived drame

pushi ng Hﬁ&éi@gfé@ﬁgﬂgtnﬁo¥8¥ﬁé'g#gﬁfEB%OQ'nn]Of the internediate die 3

and 0.38 mm of thi'ckness o nenber 17 of the nolded product 15
of the final shapebvesndd Qalederi@0he 3naftRIEIWHEPLIBE haight of

the restricting plate. Then, correction for thermal” shrinkage is nmade for
the di mefilotedointhethieskhwinch priwcibealy sbapedbmonding obt gaheedilr om the
S e e Shar Share?
ot Srahf, ShE AL Sl PRI, PR PBUEGLAS o fE™ ARY, o
the dent e i k&Y ddlk PIriéh, the dent due to residual air did
10 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 length 1.5 mm of the shdft shaped portion
can be obtained.
1s - 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 pym falling within the targeted 30 pm. On the other
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

30 present invention, the construction and dimension of the




I 0 not appear. Then, the disk with. the shaft shaped portion having target

di nrensi ons of external dianmeter of 25.4 nmm and thickngs$, @f, Q. 38ga® in the
di sk portion and of dianeter of-4.0 mmand length 1.5 mm of t he Shaf t

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 3fhe i nfor mati on recordi ng surface of
" .the disk portion was 0.5 nm The circularity' was 25 pmfalling within the

tar get ed p¥epsn d08 ke simEra20tohand ﬂcfleeg?&i‘ﬁﬂeﬁﬁiﬁlfd leifb St ke RRLL I ON was

1 pmfalling within the targeted 2 pm Furtherimore, the concentricity
bet ween tHHee diaks peritglon @fidthke sgitedtipailt glassamdtSripm gamlier t han

t he targsted_Z_pnl,Thus, the notor shaft falling within the 25 target
di mensi oRTSHHBLIRETddYaadiusteduich teediadntp Ithe Heassuwel.gdvibodi nent

of the |y r S finthe. disk with th aft .shaped portjgon according
to the ngéﬂggg%gnﬁgﬁnégﬁﬁﬁb ,E%ﬁ@icéﬁ%ﬁﬁﬁd? oﬁgﬁnalﬁ'. lgﬁfo 9tﬂg 11

Ot ober 20mo 1Hea prestudt @3 s iR dhd DB oY Blohhl GAl pgodi ment
The mass wei ght of the spherical glass material 14 is “prelimnarrly

adj ust ed 2t7a §H e2juaf ¢chatifferniseamanght i65p8o2Gdd@ f te £iaal oghape of

the disk nmenber 17 of 5 the nolded product 15. On the other hand, as shown
in Fig. the ass ppteddmierofr sheddntshapedopoddd awn 1heosi itheof the

gl ass mat.eri al of.shaft .shaped portion 16 of the internmediate die 3. By
chanf er #ggﬁﬁﬁ% %%SESnpééiqgetmeen the shaft

By chamfer treatment, contact between the shaft
10 forming hole portion of the intermediate die and the glass
material is stable and it facilitates achieving of high
precisionrin 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 extefnal'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 portioh_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 pm. Furthermore, the concentricity




1o forming hole portion of the internediate die and the glass material is
stable and it facilitates achieving of high precisioqjjQkﬁﬁQQanbbglty
between the shaft shaped portion and the disk nenber of. the nolte
product stably. The obtained disk with the shaft shaped portion was 15

nol ded into the shape precisely corregponding to the die simlarly to the
third 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 keppeaen Thendiskepdirsikion tand Heheheliaf shppedipor iasn 126G havi ng
target dinensjons of external dianmeter of 25.4 mm and thickness of 0.38 mm

in the di¥RHOPEi bR ERS tRageted %fiﬂa:oh?rhuﬁﬂdt|f@1gg<htq.r5smfd¢ t he
' . i ned,. On_th t her , e surface
Fonghnes oy PRG" ddn SRRE SRR nk 1800 ' 41258, ohRumad,

roughnes

preci sely so HRlotdie1sH baC LoMERReILIRY Het B8RS poReCO! di ng

surface of the disk portion was 0.5 nm The circularity was pmfalling
withi B t produget wds3@mprowsdt ir thkerexthamt, of heokl atnessnpiribendi sk
portion was 1 pmfalling 30 within the targeted 2 pm Furthernore, the
concentHWﬁq%'EﬁeOEPé erfpsdimgnt .het wveen the disk portion and the shaft
portion was 1.5 pm smaller than the targeted 2 pm Thus, the notor shaft
falling within the target dinension could be obtained. Fluctuation of

e e e P! Eobont ot} e ahomn
in Fig. 28, tAs phess dire Risgd 28, ttkef pibBs die used in the 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 by placing the glass material 14 on the shaft forming hole
portion 3a as the through hole formed in the intermediate
die 3.
| As shown in Fig. 28, a difference 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 produét
11. Furthermore, a diﬁension as a sum of the thickness
- X1 of the pushing portion la of the upper die 1, the

30 diﬁension-XZ of the intermediate die 3 in the thickness




- 10 enbodi nent of the present invention is substantially the sane as the

die used in the foregoing first enbodi nent. The presqrdk%tb?e%ogﬁb%ucted
with the upper die 1 having the pushing portion |la an&‘the |'ange portion
| b, the cylindrical height restricting plate 2 serving as the 15
restricting nenber for restricting thg hei ght, the internmediate die 3
havi ng the shaft forming hole portion 8a for formng the shaft shaped
portion 16 of the nolded product 15 and the |lower die 4 having the pushing

portion diaraotibhe dd@ngedpaehisdoritof PERSS aiRikdinsmberPeHf emech Q0 by

pl aci ng thgbglass material 14 on the shaft form ng hole portion 3a as the
t hrough Mtkdedr pagduet hkli afetinedifitrmal dsbape Ax stibenthdckingess 28 , a
differencg. betyween the dinension X2 of the internediate die 3 in the
thi-cknessc(ﬁd]?‘?ggﬁpfj‘n 1575en 89 didrenbiedihs ¥t afhdhewestreching t he
thicknesi%giégction, is matched with the dinmension of the shaft shaped
portion of the final shape of the nolded product 11. Furthernore, a

di mensi on as arsuhel shbant Rintkdtesgertt | 0fs it hi; B9 RAI} i | t he
‘upper die 1, the 30 dinension X2 of Fﬁesﬁﬁ?giﬁggi%?eoﬁﬁg;fgg%u?ﬁgh

t hi cknesd$-dl makebbthe2d@i¥ feB8ncdi bedtwican attte ad dineeRsican 0 éhetdbsk
menber 17 of the_ nolded product 11 of the final shape in the thickness

di recti ofPtereediagsadid 3 hei §he thigkeassy ddmectiong apfattde 5 In the

zhoun STOAIRRLon LI kil 1ol AL Yng BTN R ad L SaCe
g: rect : gfﬁi&i}ﬂ the ath8RBI0AN o tHe tdiPat PVEhatel Hdtidle 161 GENERS
ic  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 énd thus circularity of the disk
15 portion can be improved.
| Pressmoldingwasimplementedunderthesamécondition
as the 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
25 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




with the dinension of the shaft shaped portion 16 of the 10 final shape of
t he nol ded product 11, greater thickness can be prowlqeg)ct%rb Eh%OOS
intermediate die to inprove precision in nmachining the Sinée
intermediate die contacts with the heater directly, thernal stablllty
can. be al so inproved and thus circularty of the disk .15 portion can be
| nproved. Press nol di ng was i npl enented under the sanme condition as the
fourth enbodi nent. The obtained disk with the shaft shaped portion was

nol ded | arfaeesbéipther ecisielporvi vaspandiong trom ! haml &i2ZOusaiilkgr |y to
the fourth enbodi nent, and did not have the dent in the shaft portion due
to resi d¥AS AG MmAWEG Clevigh 1mH¥Q\r@dcﬁ1§,quﬁdn@|ﬁwurtheembﬂdlm@@u endesi dual

air did ear,, The e_di gk th t he a sha orti ophavi ng
Car get oAb PRRSPE IR ErgaPogbehad i e 8 khenpEhen nRBdhetBol 03
mmin th@péﬁlfeggrbgfogh%nql ]@ er,of 14 : of the
shaft shaped portion can lS (gflﬁggh %?%t %epg} h@gl %}%%ﬁgléuipge
roughaesstazfgdebedprzesim surface of the upper die is transferred precisely
so that '30 the surface roughness Ra.of the information recording 11

Cct ober 2005 Fugtthepmezee dihe heodcehtpdraiton hetweeh rithe Tdikskircul arity

was 20 pm whi S 0 fromthefourth enbodi nent_and falling within
the targdt% \Q‘_AI}JS’%“ p?ﬁ“h&p{‘? BffkePoRdiP™ RS ¥ 1 acmesmallercthaakth6rtion

was 1 pmyf Wht Rin th 5 ur, 11D
concentri ca%%/ 1IE])Q('1V\/(aeﬁllrlt he ié*lussk ttg%%gﬁﬁoﬁngﬂ%‘ﬁg f#iﬁl npiﬁll%trll RakPe 5 pm
smal | er td@mrgdthedimension could be obtained.

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 embod-iment,' 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 .fo_r 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 recess portion is. flat. On the other hand,

- at the center of the intermediat.e 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_mo.ldin_g.surface




. targeted 2 pm Thus, the notor shaft falling within the target dinension
coul d be obtained. 10 Fluctuation of concentricity bet t l.ded
product was equivalent to that of the fourth enbodineﬁﬁé%?gfggﬁngg@§dinent)
Figs. 29 and 30 show construction of the die of the 15 sixth enbodi nent of
the present invention, and Figs. 3-1 to 33 are explanatory illustrations.
In the shown enbodinent, in Figs. 29 4Rd=30, the reference nunmeral 1
denotes the upper die for press nolding the upper surface of the disk, and

the nol dioHtse 1aner @idQ fikat1athe oRfEICOINSWARNY, BrdaOEEPehbe
internediate die for press nolding the | ower surface of the disk portion

and the ghuperal 2 derghzds apgntidenmeifbern fivernesdtatetdingy tBei Befpghti ded t he
recess treatnment equal to the |ower surface of the disk portion at the
“center t R ot dhskos Iher gride mapmbescessiport hedliow ming shapke ot her

hand, a e r,of the internediate . dig 3, the_shaft fornmn hol e
portion %ﬁ‘%r%@%@égd t?l(?r Jf%?‘la‘nré\%df'ﬁg:esﬁi}? SOrtT%ﬁ fiwantgr‘?e R% 188§xi ally
with thegraass. udher' afier qn YT dgrat as I&Wt? [ form ng
the | ower 30 surf%%e of the gﬁg%t shé%%gégogggb%.dﬁﬂ}rn) |¢€ éﬂ??%ce 11
Cct ober gR@fber L0fonfréderiotdngldeménssi di din th&hdhghpidiatedendn .t he
reference nuneral 2 denotes a guide nenber for restricting the height of
the di sk. The?Aduitdeisrehdue.2a hieight| bd Ofhdbhageidenmenibemps2t he
internedi?&ﬁrdie é.BThe flange portions 5 of the upper die 1 and the | ower
g

die 4 abGtron the glfde nenber 2 for restricting dinmension in the height

direction. At this time, a height h2 of the guide nenber 2 is

10 h2 = hl + hd4 + H

a height h3 of the intermediate die 3 is expressed

by:
15 _h3<‘H,H—h3__>__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 11 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




-.expressed by: 10 h2 = hl + h4 + H a height h3 of the internediate die 3 is

expressed by: 15" h3 <H H- h3 >1t/2 It should be nqt %%ttotﬂ%ﬁf Ijob% a
total thickness of the disk with the shaft shaped portion andt i s 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 internmediate die 3, the mol d&d” product 11 shown in Fig. 30 is
nol ded by surface tension of the glass material. 25 Press nolding is

i npl enent@ileuddsurirbersiifig ahe CONEekind/aiastd pid oyrt hfl?é‘@éh@?ﬂ(gaﬂhe
press mol ding process wll be explained with reference to Fig. 31. At
first, thelagsengbgicdted dieoF megmweighbn( 528. 230mgovequaile t4, taed the
gui de nmenber 2 is unted_ on the |ower 11 October 2005 die 4 surrounding
the int er'fRAF aVELENE 9F Hhe Mhledaprogugds ifmdiaesd 1on okhansbafii ght

528. 25 | t S | ght . t he -ml.ded .prqoduct . is placed on
'Ehe shaf {% ]f[g?ﬁian%&ﬁgl QEEE@?’OR ojfﬁ?h%ag{:ﬁf?@?mtﬁ g“‘(?l 33&'?&% thee 5
upper sdi eugpés gliacedienphhe-&iass fRbeghalsslhatridi S1oti "Ry LH§g0ui de
nmenber 2 also serves as guide of the upper die 1. Thus the press die is
pl aced ortime, sthgegideThembalt 2ralsbessrage 8si guli@sesedtHatippel abuts

agai nst he upper die 1 to apply_a |load of 50 kgf to clanp the press 10
d?e W t h‘i:'h% St agbRus Lhe @reaserdart ds nlrcednper dher staget be stages are

el evated 'I"fpeftgagggg,b¥htehgtg%%t rS1'57."I.oweu:ed until it abuts against

the upper die 1 to apply a load of 50 kgf to clamp the press
10 die with the stages 5 and 6. Thereafter, the temperature
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

15- 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'
20 acts. Further spreading of the glass material in the
direction where glass contacts with thé 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.
25 . 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

30+ similarly to the fourth embodiment, and did not have the




ahd 8 for heating respective dies and glass material 10 up to 600C cl ose

'1to‘glass softening point. After holding the stages 5.an Lnut es
after reaching 600C, the 15 load is increased up to 56306E3P£§§ ?Rgbpress 9

over 3 mnutes to apply pressure to the press die for press nolding. By
the die construction of the sixth enbodi nent, when the glass contacts with
the side surface in the recess porfiﬁ%‘bf the internediate die 3, a
reactive force F1' 20 acts. Further spreading of the glass naterial in the

directiogetterie ¢hasshaet peit Wl Mddeside AP Pl ANEo! 6S8SS

portion, is blocked. Then, the glass spreads in the direction ere the
gl ass doéa ey eli sdomoact i.ont hthehdentnéues itde reurifdacel poriidbdadot he

internediate die 3. 25 Finally, the glass spreads over the entire recess
porti on 3@Padfe- i MhemedtBee ddisk Sﬂhghsﬁb\m shrpfiy gshgpedo determine the

sh f_the .nol.ded. t 11.. The obtai di i th the shaft shaped
ortion Reet it R p4Eie s iauepRlERter @hitethatardgnt thest o 0

simlqarlygst rithy i : e [ h t . (Ot r 2005 -
G dont I e R L ORReREe (e ke Pk DOrri AR ARE, 252
_portion, ofhdidmettedtioft @ . Oesindaall Béhgdhdinetmmappadie sthems dHpalisk with
t he shaft shaped portionhaving target dinensions of external dianmeter of 5
25. 4 mm BRIt kR sbef obt3eimedin the disk portion and of dianeter of

4.0 mmand leggth 1.5 mm of the aft shaped portion can he obtained. On
t he ot her han@l?1 {iﬁﬁ %W‘f’ﬁgléa ugﬁﬂ@ﬁu&faﬂ%rﬁﬁ’é@é‘e%ﬁr‘?%é@eoﬁnfq'r%‘; upper
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i nformation recor
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 pm falling within the
is. targeted 2 pm.

Furthermore, the concenfricity 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




surface of the disk portion was 0.5 nm The circularity was 10 pmwhich is
inproved fromthe fifth enbodinment and falling wthin.the.,targe 30 pm
On the other hand, the flatness of the disk portion %&s ftﬁﬁﬁgaFﬁgég
within the 15 targeted 2 pm Furthernore, the concentricity between the
disk portion and the shaft portion was 1 pmsmaller than the .targeted 2
pm - Thus, the notor shaft falling wit APt he target dinmension could be

obt ai ned. 20 When the recess portion corresponding to the disk portionis

not f or malol AetihpriowiritTed ate i erpictha pROWhe SR EERL - thbnPRERAl | €l ism

of the upper die 1, the internediate die 3"and the lower die 4 is

dest r oyedtiigeinteralddimbeedin dogagameht barwhenr tiwpuppemedite df and t he
25 gui de nenber 2, fluctuation of parallelismof the stages 5 and 6 and
ot her redsbhcudprddivari Op dive Hethsrddanstodreause iof dwphobdtdoni ng
press noldi p .0 shown in . Fig. and |l ogcalization of spreading
directi on]%? %:%s%éjgktt OBP%%J’[OI} rﬂﬂ%v‘élﬁ%n%l%%%cﬁp@é’leéfiH‘Ftﬂ*OPh@%dFE‘@
portien. B0éfmbheatRoWi M| dEitrikie Ol ey Get ober
2005 - 43 nolded product 11 is resf%ictgg %3&% e receg%%%%ﬁé$§ﬁiép t he

i nternediamt@ the shafdr pértiohhas ialyevenppbvela. circularity. On the

ot her hand, because of restriction by the shaft portion and the shaft
shaped portion of the 5 internediate die, concentricity between the disk

portion d the shatt porti is also inproved. (Seventh Enbodi nent) Figs.
s%%%\flfﬁeﬂg%’\?éﬁt%e%ﬁgo '

34 and 3 diment of the 10 present invention.
Figs. 34 and 35 show the seventh embodiment of the

'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

il
<

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 Qf the upper die 1, the intermediate




‘As shown in Figs. 34 and 35, the construction of the press die for

performng press molding is simlar to the sixth enmbqdi pent n e
nol di ng process is also simlar to the sixth enbodi ngﬁt Or?g%sggtrqg of the

hei ghts of the 15 guide nmenber 2 and the internediate die 12 are as
follows: The height h2 of the guide nenber 2 is expressed as follow h2 <
hl + h4a + H 20 The height h3 of thé fhternediate die 12 is as follow h3 =
H 25 It should be noted that His a total thickness of the disk with the

shaft shaped PakdophantofeirSaaet i ﬁé_ﬂﬁsﬁregs tRe gk RRath8RsOholthe di sk
W th the shaft shaped portion. By this, as shown in Fig. 35, the guide
menber 2 c@ttapetfwith theyfbandengostivheofpphe dppel, diikeli ntehangi ate 11
Cct ober 2005 - 44 die 3 and the |ower die 4 uponC&ress nol di ng and does
not cont'd® WPPRL: K¢ | hndlaubsr Widh dfhe héngppaeddiata. dthed, ta he upper

die 1 abujs with the injernedi.ate die 3t determ ne the dinension of the
mol di ng productt e effie]r'&%?Sl.og rtg'ﬁ F‘G’ﬁndlﬁ?%Pfq‘Fﬁ%‘aﬁ:H& EJBQE%‘-HJ & wad
perfogmedunderighnilar condition as the sixth enbodinment. In the shown
enbodi ment, the outer periphery of the nolding product 11 is restricted by
the recess poPuexs aiolddnyhepeiti=aritaliva® Bl erdrmd Ui shafhipastion is

al so restricted by the shaft shaped portion. of the internediate die.
Ther ef or €ond i eLPRr sy tWie t ibxihs kmpordimentind

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
" 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 preciseiy 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
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




concentricity between the disk portion and the shaft portion can certainly
be achi eved. Al so, with the 15 di nensi on of the internedi e I.n the
hei ght direction, dinmension of the nolded product inq?hg%ﬁgpgﬁi2 PPection
can be determ ned. The obtained disk with the shaft shaped portion was

nol ded into the shape precisely corresgonding tothe die 20 simlarly to
the fourth enbodi nent, and did not Ra¥8 The dent in the shaft portion due
to.residual air. Also, even in the disk portion, the dent due to residua

air did nairfapeear. theeaiskhodiskow st be sshaft shapedi rERIAFeRRAVI Ng
target dinensions of external dianmeter of 25 25.4 nm and thi ckness of 0.38
mm i n t hevals skO pon twhoiclands iohpdoaeet €ronf the) finfitdndmieadimebht5@ndm of t he

shaf t shgged .portion_can be obtained. On the other hand, the surface
roughnesdkling wiERin therbregstathsLipper Oethe othest bandy Fheci sely

so t hat urf.a r ness of the.information recprding,11

Cct ober Q%g%éggﬁé O%U§E§C§H%$:§ﬁ§r€$gﬁ HSFtﬁoﬁmmﬁgi}%?QﬁngﬁénciP@hlarity
was 19 pqhygﬁg@easzi%ﬁtoved fromthe fifth enbodiment and falling within
the targeted 30 pm the other hand, the flatness of the disk portion
was 1 pm fal | iFagrtdéhnorehe the t@sgebad rad ity Foetheesdrithe tdesk
concentricity between the disk portion and the shaft portion was 1 pm
smal | er MARLIGR andr §&ce$adn PTRES on ea ol orms kaval ¥ear | Fhgnwthli n t he

target difEeiL0qaCo LA . PerRRLY RS mkdF NG FINYTES Within the
target dimension could be obtained.
10
(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 oui:er 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 of the molded 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




Figs_ 36 and 37 show the eighth enbodi nent of the present invention. As

shown in Fig. 36, construction of the press die 15 .for r ) press
nolding is substantially simlar to the $Seventh. enbg iﬁgﬁng%gbpﬁg

nol ding process is also simlar to the seventh enbodi nent. Conparing with
.the internediate die 12 in the seventh enbodinment, the internediate die is
divided into an outer frame and a bot#®dm 20 frane. A diameter of the
bottomfrane is deternined to be equal to a dianeter ra of the disk. The

I nt er medi L84l : ] t : f = i ei ght

di mensi or:ﬁ%llg?%gér;ngﬁg? ﬁ?%‘éé%g%glg }Mcr)ltlt%e %Pghtaﬁg‘ f: e Sérﬁééttﬂag]#;g)e% portion
of the nmylde priedtdtianthdhe anid prolled i 2 oFit kb Dyt & pdatgsméayng the
hei ght di nension to be equal to the height of the nolding product. The
press mollhekeferenpraeassibegonian tasyconditéquired phecissiom eabodi nent .
In the shown enbodi ment, by dividing construction of 30 '"the internediate
di e, macH%iH G OFVEHe recess becomes 11 Cctober 2005 -- 4 6 unnecessary to

requige only mRChigiing: £94 ﬁg%g S;i_ir};%r@he PLRREL EBBE?S& gJebf'PiSnaJ}Qs

processi ng of the outer peri herefore, proc cones easy and
requi r ed niylald @i Ditt 6abhebghaghi pMethi SeThecoPraispRhdisd Ybtfhihgighaft
shaped portion was nolded into the shape precisely corresponding to the
die simsiamilaxbythe tber fouvertiiodimieodimend ,datddtidchavet thaevedehe in the
shaf t portion_dug to residual air. Also, even _in the disk portion, the

dent due &Y 44 §hg shaf typeTidion e degesithinl ade- didkSqi t8VeRe shaft

shaped ;5 the aisk 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 um. 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 pm. 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,




portionhavi ng target di mensi ons of external dianeter of 25.4 nm and

t hi ckness of 0.38 mmin the. disk portion and of dianmgte f and
length 1.5 nmof the shaft shaped portion can be ob?gﬁnégeofércgopﬁg ot her
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 portroﬁ7mhs 0.5 nm The circularity was 10
pm which is inproved fromthe fifth enbodi nent and 20 falling within the

target ed 33 prig&n the t&f e Apadexphandidtpessioliher fhsk Ber then was 1
pmfalling within the targeted 2 pm Furthernore, the concentricity

bet ween fiel@irg ppoctism. and the shaft portion was 1 pmsmaller than the
25 targeted 2 _pm Thus, the notor_shaft falling within the target dinension
coul d be obt aPFefPPRRNER BRI nbRt FOorilg. 1the sPaRssxsliricBogener al

hvent | ontiSteh SEna SBL it okttt bF FRE mdFding pinge8n
i1l ussratdcsr@ingheo REGhREsBHICEBre rASL SOV ddhéﬂ:%ﬁct%@i b3 chdan he
press die for inplenenting the ninth enbodi nent of -the nolding process 5
accor di ngpper hdier 8deltaviwgnai pusisi mpnsortcobed 24 hara apFdante 21
havi ng a pushing portion 2la and a fl ange ortion 21b, a cylindrical
hei ght r @XTHXRT ngl Bl afe 2Pl ivdricad ésemghreset_gtimtinggpﬁe@m@erz_z or
ot Rt Bt SR BB Sy FpERNLRA 20
height of the die, an intermediate die 23 provided with
10 a plurality of shaft forming hole portions 23a for forming
' 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 die 21 and the lower
| die 24 have protective film consisted of noble metal alloy
on the surface of hard metal having a presis 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
: Vd-esigned 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 2l1a and
25 24a with flat molding surfaces and flange portions 21b and
24b 'having slightly greater dimension than 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.




- shaft shaped portions 32 of a nolded product 31, and a lower die 24 forned

with a pushing portion 24a and a flange portion 24Db. HHIEQ%o@e@FQOO5

enbodi ment of the press die according 15 to the present Tnvention, "the

upper die 21 and the lower die 24 have protective filmconsisted of noble
metal alloy ~on the surface of hard netal having a press portion of 110 mm
di aneter. The surfaces of the upper'df% 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 |mmedi@e4r@¢erieﬁquafw 206 BOn8R1URPLEndUEhape ghad di sk

menber 33 and a | ower surface of the shaft shaped portion 32 of the

nol ded prakamps 3he Uppeermediateaddel 2Ber BiyeaBdttdmgy thevappeshapds

respectivel y including the pushing portions 2la and 25 24a with flat

nol di ng é&“}/%%é‘él%mff e it it vieting platena ag theghtapggr eat er

di [ shi orti,ons 2la and.24 On.the ot her hand, the

hlalrrgﬂts ° e&s‘{fiﬂ%’{‘g%ﬂé|%§g§‘ég(%‘% r@ﬁ%i%ﬁ’rjefggégosmnfls&é\? i:??’?gqsil@al i
nb f : L 4 efght . - di.sk .nenber

0 "t he R heat DL BR! e BB dl o o RS Plrdof18h Kole g

pl ate 22restarhotedw rThgreifapes anbly thanpssidiet i pesrmaditalfy dheaBd. By
abutting the upper and |ower end of the height restricting plate 22 on the

flange portidiR dhbckresmiphf thie ddmbermember 33nd h@léom_eidmgle 5 24,
novenent _of ihe press _di in the height direction is restricted. _
Thereforg&‘ﬁ%“ﬁ%eﬁﬁeﬁﬁhﬁﬁﬁ%EQ?écting_plate_ 22, the thickness of the disk
menber 33 of phe i Woche P RANH, Fhd SifebiliRthi et §Fe0bAE 1and, the

internediate die 23 i's
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 arrangement 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.
Ih the press die of the present invention, for press
mblding 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




o constructed with one die plate forned wwth a plurality of shaft formng

hol e portions 23a (dianeter: 4.0 nm fornmed as throu al.es in nner
not interfering with each other. 1In the shown enbodi %@n{&,(:tg?etrheﬁggﬁt er of

the internmediate die 23, one shaft formng hole portion 23a is provided.
15 Around the shaft formng hole portion 23a at the center, six shaft
formi ng hole portions 23a are arranged®in regular hexagonal shape
(interval: 35.4 nm. O course, nunber and arrangenent of the shaft form ng

hol e port/ r I QEt 7 f ' hol rtions
23a in to(%Igl%s rr%\%gjdtgt%e%?g?‘ Eg%g%lr%?%?héaﬁleq (glfqgéf%%qg?n%%r%grn of

ar r angemaiiie ointben@lEifd td oanena 310l uRddiRdEeTOXHRE W|PEFt 8dearhi trary.
In the press die of the present invention, for press nolding the disk, at
first, tHe iGisposgidatithalireol3 i 3ccpiFdimmled ah tthd d dwiame ¢i #h24 and t he

hei ght rﬁgst_ri céi n% El ate 22 for restricting height surrounding the | ower
die 24 amfight FReeriching rlates22\elso ssHaresas wabdenfioar thies 30

each pavi ssswei,ght prelimnarily adjusted to be equal to the nmass
wei gh (éj;&)% %%eggt he final shape 30 of the disk nmenber 17 of the

mol ded productrnwy ecpbaged ble Fobsr 3@05 s #Pacel BnPlrdtd ¥ gts shaft

formng hole portions arranged in the internedi ate die 23. rt hernore,
the uppeamdl & Ztages 25 sposkowelredeam.t JAcddr dibwty , tatthidisppemredikhe
hei ght restricting plate 22 also serves as guide for the 5 upper die 21.

Thus thedet d§h et 1@adiaf Ji3R &Fonie anmjtedeto ahamp thagpressi s

| owered until, it s Lo the upper di 21. Then, a load of 150 kgf is
“appl i ed tﬁorlecl%ptﬁ%gprsets S YBPEhd"' 7% .

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 conditidn for BIminut-e'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 shaft .
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 are produced




die by these stages 25 and 26. 10 Subsequently, tenperatures of the stages

.25 and 26 are elevated by heaters 27 and 28 to heat e.u r_di 21, the
intermediate die 23, the lower die 24 of the press dﬁg 8695§e§08§pﬁear
softening point for formng the glass material 30. After reaching 600C,
the press die is .15 maintained in thus clanped condition for 8 minutes.
" Then, the load is increased to 30000°%gf over 3 minutes by the press 9 to
pressurize the press die to performng press nolding At this tine, gas

encl-osed y, 6ﬁép%§§h§ﬁéﬁ?ﬁéééﬁg§?|B¥?égEQO|e portions 23a of the

I nternedidte die material 30 is conpressed by penetration

of the glass gwissgabndyi, ntthd espeesiyershahy ber Mg ek e@0hFFONS  23a
and is discharged through a gap between the internediate die 23 and the

| over di @ thehligadiie lgiwesse@Blonat boi A 0BGkgfan e thisrebnted ion,o _
respective shaft form ng hale portions 23a. The glass material 30 has high

vi scosi t FHnd® tpgeSddes kst zﬁenétheatlwl?%od-zﬁezéapt?@t g‘o@é}erme;@iated -
i nt er pediat i e . [ and is.uni, conpress y e
pres _sgrSQ C?'hé;gg'dhtﬁée%kg%%&ld% g\ﬁeéﬂgﬁlg%ﬁl?sss g'aﬁlqﬁjaqoj;?ﬁr;ﬁng?‘diﬁgpr oduct s
31 are prRAxced t : - = .CWHC 0 n L@ACESS.
Subsequgnt Iy, "t r%é%%t ggg%‘%&g% ezgggarsest%{??iggl%,fo an%‘g%?hebl g&@ ?s

| oner ed @dinvgtra@iz0poOikdf tempettaturend thenglasbanst ageal125thadi@ad t he
upper die 21, the intermediate 5 die 23, the lower die 24 and the gl ass

mat eri al 150 TAEthel| Lawegemh dosn dio 3l i kgt t heTlye ame Ldgde mradaect down t o

i i temperature of the glass material, the | oa
440C Ofai%{%é% e tat An%emperature-fong'than.or equal to lOOgC.

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

15 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
0.5 nm. The circularity was 25 pm falling within the

20 targeted 30 -pm. On the othler hand, the flatness of the
disk portion was 1.5 pm falling within the targeted 2 um:
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
theshaftshapedportionaccordingtothe;mesentinvention
is constructed with the upper die 21, the intermediate die

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




is further IoWered down to 350 kgf. The nol ded products are renoved at a

tenperature- lower than or equal to 100C. 10 By the fqregoi ng nolding
process, the glass material 30 can be nolded into shgﬁe%§§°ggf Bﬂbghe
press die as the nolding 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
di sk portion, the dent due to residuaP! is air did not appear. On the other
hand., the surface roughness of the press surface of the upper die is

transf er rigge p,gfﬁi@ﬁ:ayl%égtgggt ofNensuEHaGs: rfgﬁgﬁr}?ngsq_ﬁgegéoryﬁ%nisnagr mat i on

‘recording surface of the disk portion was rculfarrty was 25
pm fal | i ngf wehbi Anttkaniiatgetad 3B prfan PBet pa-cpidietedandaithe &l at ness of
the disk portion was 1.5 pmfalling within the targeted 2 pm

Furt her nmﬁ'}r@héta’oﬂéemollﬁ@id prisstuzies 3heah de poormed thndugheonkaf t

portion was (%Rm smal l er than the targeted 2 pm Thus, the notor shaft
falling MAHHRERBTPGERT WHEh SRaRdnsh the glaesomadiartpl A30ciRtBe seen

from the ' ' i i mpl enenting.the |.di ng
broceds o AR prildtte LD R B sl Aol PR HERSRafiG "t TLRE - pr esent

i nventi orthé Stjé@r&id yséedivht BEt BReUBRAIF tdishaflea tHSrt RbaAr ARdbat gndi e 30 23
and the lower die 24, residing of gas, such as air, in 11 October 2005 - 51
the ti p @llgedtpordettt B chnfbhefDonmed hatkedsfFadtionsl@3togirddect

i nternmedi ate die 23 can be prevented. Also, a plurality of nolded products
31 can b& ATEY ERPYRGh ShedifbFdi ng process with shaping the gl ass
material 30 into the shaft precisely corresponding to the press die. Al so,
the tip end portion of the shaft shaped portion 32 of the

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
éimilarly to the former embodiment, as shown in Fig. 20.

The press die to be used in the tenth embodiment of

the present invention is substantially 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 aplurality of intermediate dies 37 are arranged in a manner




nol ded product 31 can be formed satisfactorily to product a |arge anount

of disks. 10 (Tenth Enbodinment) Figs. 16 to 21 showt izment of
the press die for inplenenting the nolding process o?ﬁtE%Q§?§§n%?§€ t he
shaft shaped portion according to the present invention.. As shown in Fig.
20., a spherical material 40 is 15 prelimnarily finished into
substantially spherical shape sinira??y'to the former enbodi nent, as shown
in Fig. 20. The press die to be used in the tenth enbodi nent of the

present igvenihtarifersulstwithabbiH M Bert agebpRcthasd GGEQRSt ruction as
the die to be used in the fornmer ninth 20 enmbodinent. However, in the

shown enwfierche]lst KO st plmedidhten dilee i shadtmEdwiitdy dgil eirpdi-t yoaf
individug|_ die plate so that a plurality of nolded products are nol ded

i ndependehtd Py esdgseel Vo el heehngddiadie ddies. Mgroydingly piestheie is
construct |t r, di,e 35 having.25.the .pushing portion 35a and the
fl ange posﬁ-ﬁ?l'v%ﬁn ‘%g%,gdgggglﬁ y }3}6} cHl %Tgﬂ?aft&ﬁ%ecﬁynglg%lé?]@“%g ‘g&%h
restrictigngl PRIy [OF heshat el PHIBPe ' Lat epd]

(di amet er:930. 0 mT)Yhavi ng shaf? for %‘?ng ﬁoﬂg%%él#{)%@%%é e%%{:grréggr: 4.0
m) at tipdaders eof ahkeovertaiimedBage whleh3 Blazeplsepdtdyeal i nternediate
dies 37 are arranged in a manner 11 Cctober 2005 - 52 not interfering with
each ot h&OTrieapRRding §ragesnagieivalsoldeids pploabezit oMl he Bhist i6or i ng

hol ' 3 f t | nt late dies, A dingly, in th
chown o6 ik £oFhaty HEERHe T a0l GhE S751eT oPRRECHNG. & pi ural iy o
‘mutual ly i ndepanded slikep! Ab%E, BafNeRbesnthal SnBbaiRent i ate die

~ 37 are separated
' 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 chdsen |
-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 ninth
20 embodiment. |
| In the press die having the intermediate die 37 having
a plurality of die plates, by preliminariiy 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




corrésponding to respective nol ded products 41. This is the different

point fromthe fornmer enbodinent. On the other hand, I h ho
enbodi ment, the 10 internediate die 37 is forned vvitfﬁf @&EC’%FEWBPQ?%.
However, nunber of die plates for formng the internediate die is not
limted to any specific nunber but can be chosen as any arbitrary nunber
dependi ng upon capacity of the pressSdie, size of the disk nmenber 37.
Furthernore, these 15 plurality of internediate die plates of the

I nt er medi [ -a, ' t : e
:zterfergfﬁ:}rﬁl%gggﬁég%%g&%?ﬁﬂgs%t?@?év\?a p%’??%?ﬁ%db?ngﬁ Z shown

erbodi merti slaRimise 15| 33 aaDEhd ORaFt hBRAbEY 800iEh H 1Y pA@idogdhment, In
the press die having the internediate die 37 having a .plurality of die

plates, Benrentnigdty ycdwrbengoldespensi thegmadsiathtmrodiictst @l

substanti al | sgheri,cal shape for press nolding, respective glass
mat eri al é"od'"r%e% opgimng & cbiiei Aesnagh bye  spkeapediate dhar 8 /f-orni ng hol e

portipn 37a a aﬁi@fe enter of e re ctive i | di,e 37 and to be
nol deg into ath a %E?Shégeg%&gi ijbél Egaéng”\i'a_‘%%lg‘ig%g_rk?%%n?eﬁw?%% nol ded
product 4hdysiare! dhaped PdrELof sbhdiIstnddaPekt kAR pRirtenupper
die 35, 30 the upper surfaces and the shaft formng holé portion 37a 11
Cct ober 230%f ®Reomotitked peoduditatdd dian SFe Thotaittley as@turaldi.ty of the
di sk menmbers 33 and the shaft nenber 32 with_high precision concentricity

can be nbVFINSEMPRE @ RIFRLEETt 9T moLdedcBFORYGIE tHL tBanr Bepect i ve
|ntermediahidh Cif ond ARl 085 p QY ddh &Ly Abe YN city between
10 simultaneously.
With the foregoing molding process, the glassmaterial
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 poi:tion, 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 am. The circularity was 25 pm 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 pm. 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




t he shaft shaped portion 42 and the di sk shaped portion 43 of the nol ded
"~ product 41 can be certainly secured. Furthernore, a EHU5QLEE¥ 050 | ded
products 41 can be nolded in one cycle of press nolding 6peration 10
simul taneously. Wth the foregoing nolding process, the glass material 30
is formed into the shape as set in the press die as the nolded products 31
shown in Figs. 15 and 16, and did not34have the dent in the shaft portion
due to residual air. 15 Also, even in the disk portion, the dent due to

residual galg ﬂéﬁilb%?t t@g%. bgc@%ﬁ@%n?ﬂ%ﬂ surface roughness of

the press surface o upper dieis erred precisely so that the

surface roughmess peesbntha v 18hi BAS sl A8sswikRce Df dBeadiisk

portion was 20 0.5 nm The circularity was 25 pmfalling within the

t ar get ed Botpmegpechet ot prefhamd embddimants ,oandhét @idkd pow ben was
within the targeted 2 pm Furthernore, the concentricity

1.0 pmfallin 2 p ) ¢
bet ween tarﬂap?ig‘%ﬁtpgfrﬁ‘bﬁh%ri%o’?ﬁgoélﬁﬁf fthorheea kdlier phskhel artt han t he

targeted 35 S,..1 . ft ing wWithin the target
- di rre_néi on po@ultgﬂég_gg tﬁnn&e]&%%ég% _eo%%?P &i gtee@q‘#%n’f’l ng ove, by
prelim nadgar{ ohH BeoeHE assvaRteoAlid f6s SsHBaka ialpdcEpPhghigcal
shape for nolding with placing on the through hole 37a of each

i nt er rediidt dsditbe tindecopitiom| Blerefioaw riici thhdeipmenehbecihafnls sbhaped

© portion 42 and the 11 October 2005 - 54 _di sk nenber 43 can be certainly
at t ai ned COMRE R blefBChnFdangns hagdpwed ideeat bedsi asddiakl wikhinr espect
to preferned di t.S, dit wll now be apparent fromthe foregoing
to thosetg d lgggi ts‘lf)rt-‘if%é&‘arcfatn the fnvention




t hat changes and nodifications may be nade wi thout departing fromthe
~invention in its broader aspect, and it is the intentho%bt%%%&eggbg, in
the apparent clains to cover all such changes and nodifications~as fal
within the true spirit of the invention. 11 October 2005 - 55 CLAIMS 1. A
- press die for press nolding of a glassg; substrate of a disk nmenber with a
"shaft shaped 5 portion at a center thereof, characterized by conprising:
an upper die formng an upper surface of said disk nenber; an internediate

die having a shaft formng hole 10 E&é&hﬁg for formng a shaft shaped

portion projecting froma disk port said di sk nenber, and formng

~at least a |lower surface of said disk portion; a lower die for formng a

| ower surface of said 15 shaft shaped portion; and a gui de nmenber for

gui di ng sai d.uppar giressaidiei nfermediaiss di goand rgai dofowar djiless2. A

press die according to claim1, characterized 20 in that said shaft

f ormi ng hol 8UpSttHacie ofoSaid  dhekr nghkes divd il aat hebadh hebepsi A
aracterized in that, said gggde

member ot | HOS 96 Heph bosibn SRBGAE of LACEESe by oard Uguetafe dPbn
press mol di pgmp4i ARfess die according to claiml, 2, or 3,
an upper die forming an upper surface of said
disk member;
an intermediate die having a shaft forming hole
10 portion for forming a shaft shaped portion
projecting 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 gquide member for guiding said upper die, said

intermediate die and said lower dies.

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

intermediate die is a through hole.

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

press melding.

4, A press die according to claim 1, 2, or 3,
characterized in that said intermediate die has said

30 shaft forming hole portion for forming a shaft




characterized in that said internediate die has said 30 shaft'forning hol e

portion for formng a shaft 11 Oct ober 2005 -56 ~shap%q B%E%b%@ Bb%jecting
froma disk portion of said disk nenber and a circul ar recess for Porning

at |least a |lower surface of said disk portion. 5. A press die according to
claim4, characterized in that a depth_.of said circular recess of said
internmediate die is greater than or equal to a half of a height of said
di sk portion. 10 6. A press die according to claim4 or 5, <characterized

in that a dgph ' e : is [ | at Le i I a

. hei ght of saideﬁﬁik%ﬁgﬁ%{gﬁ u Egﬁegﬁﬁgg%eqﬁgﬁggggiéaék d?%fggﬁieggdefines
depressi on amuntddbka mmlssrbyarsdi d uppecully diecdell NPopr essrAPhE NY
operation. 7. A press die according to claim4, 5, or 6. characterized in
that said i Atelfsditate dpEeirs suynfaed @ift vadnt oliek prareieamd a bottom
frame, said 20 recess is defined by said outer frane and said bottom
frame, and said outer frame of said internediate frane defines depression

anount of as press LS Qi@p%c@f&‘ﬂgr I&ﬂ gig_ercn npl dipg,.eneration. 25 8.
A nol di ng process of a disk with a sha t shape por'tion {6r press nol ding
a gl ass subsnratlkeabf a dépkhneobershawi ngiseid shaftesh@pedpordipg at a
center thereof, using an upper die performng press 30 nolding froman
upper surf atBtezReaHiateediist elgli 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 claim 4, 5, or 6.
characterized 1in that said intermediate die is
formed with an outer frame and a bottom frame, séid
20~ recess 1is defined by said outer frame and said
bottom frame, and said outer frame of said
intermediate frame defines depression amount of a
press by said wupper 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 ﬁpper die performing press

30 molding from an upper surface, an intermediate die




11 Cctober 2005 - 57 having a shaft form ng hole portion for formng a
shaft shaped portion and a lower die for formng a Iqﬁp facg %f sai d
shaft shaped portion, characterized by conprising the steps Q pl aci ng
a glass material .of revolving body shape having a circular cross section
in a direction perpendicular to its center axis and including a circular
section at |east greater than said shaft - formng hole portion, on said
shaft formng hole 10 portion of sai'd internediate die and subsequently

' f i | di d. t l. 9. di f
B disk w AR 12 si%ﬁ%% b o T b BSELBI o hg & UBLEDsdbatr at e
of .a disk nefhe e‘?? %&éﬂ%t aﬁﬂ;?pﬁ %J:O'alaé R0 rCEAL £ h@e@c’f
iep di ng %

usi ng an upper ng press roman upper sur

i ntermedi ateo@ee havidfaice shaft feraiidig halgrpor tswapkar f pomgigra, 20

shaft shaped portion and a lower die for formng a |ower' surface of said

shaft shapedhportiteyizehapyctrempzed bygcbhpr isdiers thé:steps of: placing a

gl ass naterlal on.  sai.d shaft. fornlnggihole g rtion.of, said internedi ate die
a

with ali’gning 2BlaC¢Bft & HGSS of@ REVEL AN R PRAY SERT  axis
of said shafl fapm ng hol cAgLll oy 30d-3 Nty pesfogm ag.rGss
nol di ng for sai glass materi a . A nolding process according to
claim38 or ﬁer@édaﬂdﬁkar2ﬁﬂ5 its center axis and including a
01rcular 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
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 c¢laim 8 or 9,




. _58 _ characterized in that said shaft form ng hole portion of said

internediate die is chanfered at |east on a side on %Qi§g sggd gbeés
material is placed. 5 11. A nolding process accordingt ¢PEPM , 9, or
10 characterized in that a mass weight of a spherical glass material is
set equal to a mass weight of a nDIdeg product, a dinmension of said 10
shaft form ng hole portion of said intéfnediate die is set equal to the
shaft shaped portion of the .product to be noul ded, and a di nmension of a

hel ght 1 ESLRLELIAG IEIEr 1i%, deL L ned, 80 Nl e Ol G ARER, Dalypen sal d
internedi ate die and sald upper die 15 becones equal to a di fension® of t he
product to perttow ded. 32idA prassrméqihee pHess Ael dbhGni &3S substrate
of a di sk nmenber having a shaft shaped portion at a 20 center,

char act eri zB®aBy ceofiprasihgdeancuppenighe $oidpegflass ngapgresisa ol dsng from
an upper sur%ace' an internediate die having a plurality of shaft formng
hol e portid% af p‘forning shaft shaped 25 portions, said shaft formng
hol'e porsti ons being arranged in a manner not interfering with each other;
a lower die for formng a |lower surface of said shaft shaped portions; and

.30 a hei ghtlresir mellidihgrephercdos daicsriinhggy dd Gatoher 82008, or
' 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 dije

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

15 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
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




_59 depression ambunt of a press. 13. A nolding process of a disk with a
shaft shaped portion for press nolding a glass substrat f 5.disk
menber having said shaft shaped portion at a center €ﬁe?€%€?%ﬁsﬁﬁggan
upper die performng press nolding froman upper surface, an internediate
die having a shaft formng hole portion for formng a shaft shaped
portion and a lower die for fornming a 1® Tower surface of said shaft shaped
~portion, characterized by conprising the steps of: placing a plurality of
gl ass materi,als of . revolvin bgﬂy shape each having a circular cross-
section in ACHFFE&T YA %@?BQ%&O I%ﬂp¥%sﬁts center 15 axis on said shaft
formng hole portions of said internediate dies of said press die
respectively; and subsequently perform ng press nolding for said glass
mat eri al fol3pr olumonglidigkprenkers oith shafd w20hshapseh por khefsedd th
sufficient concentricity. 14. A press die for press nolding a glass
substrate BPT&l@Nsk IpgnbBiresayi Aglaigraf @ shdped portidrratea ofemer,

charact f | 280 [OURLESIAg, 125, 20 8APely SEP, L1 BEN SLILDG pr cgp ol cino
ook LpuT Sgnpake, SHCLLOR.| s 0gTt0 hpcEiois BMMEER pp Y o
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 sald 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

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




shaft shaped portions; and a height restricting nember for determning

depressi on amount of a press. 5 15. A nolding process.qf | 'b a
shaft shaped portion for press nolding a glass substrlgtg%ggbé§ gpsg menber

having said shaft shaped portion at a center thereof, using an upper die
performng press nolding froman uppeg,surface, an internediate die 10
having a shaft forming hole portion for formng a shaft shaped portion and
a lower die for formng a .lower surface of said shaft shaped portion,

characteri zglalpy GUEY4SI POrihersiersngf: placing a plurality of glass
materials of 15 revol ving body shape each having a circular cross- section

in a direction perphedightl arréstirtistdens ermefkies onfsai ddshafimieinyng hol e
portions of said internediate dies of said press die respectively; and 20
subsequent | YeBERESAAThPPPess @dl & iyresdF-sai d gl ass material for produci ng
a plurality of disk nenbers with shaft shaped portions sinultaneously
with sufficient concentricity between each disk nenber and correspondi ng

shaft shapeds pordi AB1 4356 rd-REESS £i § %&rs@rﬁ%hma dingref & 0ass

substrate of a disk nmenmber with a shaft shaped portion at a center
t her eof , maderthoaccbodanpeewist hmotllid rpy oces g lefsanysinet phtel abis. 28 to
11, 13 andé%gk3%é%bg§t%§¥iggmzéiglshaft 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




- 17. A press die according to any one of clains 1 to 7, 12 and 14, made in
accordance wth the process of any one of clains 8 tg 1%85%3?)8%@ é%

PRESS DI E.AND MOLDI NG PROCESS OF DI SK W TH SHAFT SHAP I5 R TRACT
A press die and a nolding process can forma disk nenber having a shaft
shaped portion at a center with satlsgactory circularity and flatness in
a di sk portion, dinensional precision in the shaft shaped portion, and
concentricity between the disk portion and the shaft shaped portion at the
center. - Th ress S si-ghed,. press, 4ol di,ng SS, sufpstrate
of a disk rrgrzgerﬁvm%lgsaésﬂggt shap %9ﬁgortﬁsonﬁgt gggceﬁ {en%eo H$

press die i Gl udesand agpematie iﬁr AiJtgH edla PP ety isu faee gﬁ:o'fdé%ﬁléf
menber, an internediate die having a shaft formng hole portion for
forming a sRafMt Frapel péetien 8 proj béti AF fatoin B5di sk portion of the disk
menber, .a |lower die for formng a | ower surface of the shaft shaped

porti On and a gui de nenber for guiding the wupper die, the internediate die
and the lower die. Figure 1 :
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PRESS DIE AND MOLDING PROCESS OF DISK WITH SHAFT

SHAPED PORTION

ABSTRACT

A press die and a molding process can form a
disk member having a shaft shaped portion at a
center with satisfactory circularity and flatness in
a disk portion, dimensional precision in the shaft
shaped portion, and concentricity between the disk
portion and the shaft shaped portion at the center.
The press die is designed for press molding of a
glass substrate of a disk member with a shaft shaped
portion at a center thereof. The press die includes
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, 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 die.

Figure 1




