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| NVENTION  The present invention relates generally to a press die and a
nol di ng process of a disk with shaft shaped portion for press nolding a

gl ass substrate of a disk formed froma di sk nenber having a shaft shaped
portion at a center, such as an optical disk, a magnetic disk and so forth.
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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 magnetic disk.

20 Conventionally, as a material of substrate for a
magnetic disk, aluminumalloy ismainly 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 demand for high



Enpl oyment of gi ant nagnetoresistive 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 io treatnent after fornmation of nmagnetic film However, even in this
viewpoint, it has been difficult for alwnnnumalloy to Satisfy the demand.
For solving the foregoing problens, as the substrate for the magnetic di sk,
new materials, such as gl asses, 1~ ceramics, carbon and so on have been
proposed. AWRGLERE®e new materials , glass substrates have been wi dely
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produced bysyiestshiteghawtiing llow eftfrenigphels s@i Policalithgof satdady the

I ndi vi dual gl ass substrate in one by one basis for obtaining flat surface
after cétti 2rdi Ano this evdewpPimdy. si ze. However, high precision is
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process in the field of optical glass elenent fabrication. As a result, the
i sot her mal s esaqubireidnd cpradiast esohaveise reduction process by heat
10 treatment after formation of magnetic £film. However, even
in this viewpoint, it has been difficult for aluminum alloy
to satisfy the demand.
For solving the foregoing problems, as the substrate
for the magnetic disk, new materials, such as 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 precise polishing process.
Conventionally, the glass substrate for the magnetic
disk has been produced by polishing method to effect
precise polishing for each individual 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



5 already been put .into practice as fabrication processes capabl e of
fabrication of the glass substrates 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 glass at high tenperature and high pressure. Therefore, various studies
have been made for the press dies. As a matrix of press die for press
mol di ng, hard netal (tungsten carbide), cernet, zirconiumsilicon carbide and
i 5 other c&farite aad Elagednatgripd diderbaghd confldpredoat ¥aTWHOUS a
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personal coifalt BfesisS difeéM Ng to promote further reduction of size and

t hi ckness of the disk drive unit. However, the conventional construction
cannot satisfy tAw admatndsetf poesis dihevEorlpresst hodddngumsirahnetale
inventors have made extensive study for realizing reduction of thickness of
the di sk dritangsten ¢argidiegh peERiedi.ofiEeenigIm o ishikGor € da@anthd

axis ryp-out,, realizing high recaording, density. by integrally formn t he
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t he di sk casilityedoxiahatidnskessricandayi g attsioh t reBadgadhmes thas at
the center portion of the 25 optical disk, nmagnetic disk and so on has been
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process is iéluahrated in Figs. 24 to 26.1In the first conventiona
exanpl e, aPSHRMCEIOH RE 953584 WP (TAR_1Hi e %2%%r f ormi ng press nol ding

I's 30 ggnstruct ghM dRaRB 18P apthRe $44 Pt et &P TR/l tib R ML HRBE bpen
No. 2-137914 (1990) proposes a die for molding a disk
provided with a noble metal alloy thin film on a surface
of hard metal. This process has been actively studied as
fabrication process of the glass substrate for the magnetic

25 disk corresponding to movement of recent high density
recording.
On the other hand, recent demand for large recording
capacity for the disk of a disk drive unit requires high
precision of precision in rotation of the disk.

30 However, in the disk drive unit mounting annular disks



- 5 surface of a disk nenber 125 , and a |l ower die 116 preforned wth a
shaft form ng hole portion 116a of the shape corresponding to a shaft
shaped portion 124 for press nolding the shape of the shaft shaped portion
124. The 5 die is used in conbination with a height restriction plate 115
for restricting thickness of the disk mepber 125 when the die is pressed.
The shaft form ng hole portion 116a is not fornmed as a through hole but is

provi ded as recessed hole. to In the practical press nolding operation, as
shown in FiQfs.2 BOotgrycbagennatatipgdyi driven Lych &ksk d5dves mated
bet ween the. upper die 114 he | ower die 116. Then, positioning.of the
dpper die i Gha FrEveErohel" bartErubiiohe SR eRsRL TP HeF oh
restriction-pipbetiel ¥an ﬂ‘&fﬂi‘énrﬁﬁﬁraikkoafp{:ﬁberé%%ﬁ}} YasEAfd as
gui de for the upper die 114 and the lower die 116. The upper die Z14 and
the | ower deidlfuarewandel abdtebatovaeotatdges certdraagpety wimch are
controlled in tenperature by heaters 119 and 120. The stages 117 and 118

are heafed ¢9liaetiyenamanperiiolindsizmite Adafienlkthetoppestdiictii4 and
the lower die 116 to heat the nitric material 122 up to a %ﬁ'rgrpﬁr.atkur.e (near
gl ass sof t S AINLEFAHAFR) LB Oy A5G 31 §1 LU0 131k Ry, tRExdisk in
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menber 125 préaathialedthd &igk. d24 v @bitHEWRYafesthectipgershofate shaft
shaped portion 124 of the nol ded product 123 forned by the die structure
set so fortfurbous emthaxbe ronmouti o the shape accurately -
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be forned itb rEvenseed suetikapeeddctienobhesibhandnd ehdekindss idf ithe
possible to elimnate influence of the residual air. However, it becones

necessary tdipkrdoimepust tpr otiessmvenchthe canviemd iginahecong temwd tpicen i on
124a Zo of the shaft shaped portion 124. On the other hand, even in the
di sk membercanBoty ﬁ@tr]éélﬂuﬁ exfdemand ( fets £mth RRPYA -duri ng nol di ng step

al so aflfsects thelrgigﬁ%goktjj]{)&@,?g?ﬂgges éﬂ@t%‘?‘?én%(}&iﬂg‘%aé%?ﬁ of the

di sk merber 125 insufticién demande pPréci sion. hi s
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the desired size and to perform post process such as treatnment for the

out er peri ptire Wipsk dirdrvesf reted inoi nig dh iglo goretc ilLBonrcanernd enff s2orffaxce t he
outer shape of the disk nenber 125. SUMVARY OF THE | NVENTI ON The present
i nvention HERRheBE WAIQ¥LSFUR TOYEewrefl2ginghighTerPIaingfeRsee. |t

is therefor j 2_ . t ds i t o_pr.ovide S s die
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with a shaft portion having
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



so a glass substrate for a magnetic di sk having ultra snooth surface
adapted for high density magnetic recording and thus can realize a disk

i ntegrated notor. Another object of the present invention is to provide a
press die and a nolding process of a disk with a shaft 5 shaped portion
whi ch permts production of a plurality sf. nol ded products at one nol di ng
cycle. In a first aspect of the present I nvention, there is provided a
press die for press nolding of a glass substrate of a disk menmber with a

shaft shapahpbrceodt & dd f membde:b ltzfﬁe;b@cﬂd acbﬁﬂlelrsdhg 13A m:ppﬁprl;meei

f

Shaft for mtEERoR cSBatE e T RBoRAL BOSKAPR A Bof BP0 RTARS cct | ng
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surface of omer rmng a omer S e of the
shaf t shapﬁafbmmgoahearshaap@uwetm@w‘@{af@rsgup@d\q;df\ewﬁpqmdl erHde 20

I nternmedi ate die and the lower dies. Here, the shaft form ng hole portion
of the Bnt @iedisaused ennasanbe.rmtimnuqhthcﬁ deight restriction plate
115 for restricting thickness of the disk member 125 when
the die is pressed. The shaft forming hole portion 1l1l6a
is not formed as a through hole but is provided as recessed
hole.
10 In the practical press molding operation, as shown
in Figs. 23 to 26, a nitric material 122, such as glass
is placed between the upper die 114 and the lower die 116.
Then, positioning of the upper die 114 and the lower die
116 is adjusted by means of the height restriction plate
15 115. The height restriction plate 115 also serves as guide
for the upper die 114 and the lower die 116. The upper
die 114 and the lower die 116 are sandwiched between stages
117 and 118 which are controlled in temperature by heaters
119 and 120. The stages 117 and 118 are heated by the
20 heaters 119 and 120 for heating the upper die 114 and the
lower die 116 to heat the nitric material 122 up to a
temperature (near glass softening temperature) for
performing glass molding.
Next, deformation is caused in the nitric material
25 122 due to application of pressure by a press 121 to form
a molded product 123 formed from a disk member 125
illustrated in Figs. 24 to 26.
However, the tip end of the shaft shaped portion 124
of the molded product 123 formed by the die structure set

30 forth above cannot be forms into the shape accurately



The gui de nenber may define depression anmount of a press by the upper die
upon press nolding. 25 The internediate die may have the shaft form ng hol e
portion for formng a shaft shaped portion projecting froma disk portion
of the disk nmenber and a circular recess for formng at |east a | ower
surface of the disk portion. The depth-of t1he circular recess of the
internediate 30 die may be greater than or equal to a half of a height of

_ g _ the disk portion. The depth of the_recess of the internediate die may
be equal tcP%Fﬁ%FQﬁPQﬁngrﬁPdtg@ dievemn dpped Lurdur et of PERSaNRRraEdi at e

ol ding opcre FONAITALE HRSARE GRRASHIE (B e T SRt L AL AR T e
and a Dot ofR 3 n 6 HEFERSNEYs BoiehicnedBY 4118 1018 Spd AR ARy L he
t he outer ra may derl

bottom frane, an rane of the internedl ate e

depr essi on BaDENi nEll vertesstbe bhd prappeiosi o fdwhdise poESEheoistiafr
operation. In a second aspect of the present invention, there is provided a
mol di ng5pr eestion.a Hugithgxmones hih tthéh oot hoasen thy eggss pomilidimg a
gl ass substrate of _a di sk ,menber having t he shaft shaped porhion at

center ther@dR e EPrBed il nRRFSafedBS IR Pg PRsERRPEPRF an

face, 1400t ersnedj at e di i f ormi I f
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of the shafteshapad RATt] OTHow&WRKI, SIiRY BdoméSPhedcs Forp| 861 PperE Hmss
material of revol ving body shape having a circular cross-section in a
directi on eogptnprockss .t sudls axmutrtingsofinthentindend potiticul dr24&ct i on
at | east greater than the shaft. form ng hole portion, on the shaft formng

hol e pdfti ot oFPEhENAS Y neReRed RW @R 4”4 -subsequent |y perforning press
there s provi adh s BEREY hardd. v8h" Gl e e erPeen e, HE' ' "
portion forr£&e86alPhdirnEod tHash a4 plorat o fawdr th§mdEIPERE step also
atfects the disk portion and makes flatness and circularity
of the disk member 125 insufficient for the demanded
15 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

20 for the outer shape of the disk member 125.
SUMMARY OF THE INVENTION

The present invention has been worked out in view of

25 the problem set forth above. It is therefore an object
of the present invention 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

30 a glass substrate for a magnetic disk having ultra smooth



- 9 having the shaft shaped portion at a center thereof, using an upper
die performng press nolding froman upper surface, an internedi ate die
having a shaft form ng hole portion for formng a shaft shaped portion and
a lower die for s forming a |ower surface of the shaft shaped portion
conprising the steps of: placing a glassymaterial on the shaft form ng hole
portion of the internediate die with aligning a center axis of the glass

material with a center axis of the shaft Zo form ng hole portion; and
subsequent |SUBERES FARP tREsECKDAGRy detsitE BRISE tie creaprdi@® andie
shaft form hole partion of _the internediate die be chanfered at

| east on a “[s}?'l’i% Sﬁni g%ﬁ%?‘ugt ﬁ‘egd'lsz;fssl ?gFP;engn%ﬁg éd. A mass wei ght of
a spherical gl asgnhyBh8L 8bjBRY BE €8k FHEBENHOLiRVERISL IR H t Lhraviided
product , a dinension of tHe shaft forﬁing ﬁolé portion 3? thebinpgg%ediate
die muy be sepregsaliieo antt shedldshgppatopeds wf cd dbskpwadicta 2hdHt be

nol ded, and a di nension of a height restricting nenber may be determ ned so

that a &l eafaapedppoREden Whigh el ks pBPdugitd arhefugppl udiad kikly Mecone
equal to a dinension of the product to be nolded. In a fourth aspect of the
present inJ@ﬁ?&ﬁ ,Hﬁ%é%?gg $§ ﬁVﬁbFﬂ%ﬁgénﬁrégggﬁ?e for press nolding a
o Sinet o .8 SHEHPISENELITOK WA paldn e ReCH il 601
provided a press die for press molding of a glass substrate
of a disk member with a shaft shaped portion at a center
10 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
15 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
20 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.
25 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

30 die may be greater than or equal to a half of a height of



surf ace ; 30 an internediate die having a plurality of shaft - 10
formng hole portions for form ng shaft shaped portions, the shaft form ng
hol e 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
hei ght restricting nmenber for determ ni g -depressi on anount of a press. In
a fifth aspect of the present invention, there is provided a nol ding
process of a disk with a shaft shaped 1o portion for press nolding a glass
substrat e dthey disk PeBIekomavi ng the shaft shaped portion at a center

th f, ' ' f ' | di f f ,
an' | ntef modi ate WS WERF RGOS Eha FaGTSE Ot nEPE BBETRAbALPoRREngAY sha i
haped ty ' ' o f haf t

Shaped por i oraeatot ot beldh e PhpoafiRIaRd S udb L parf g s

material s afhé eMptarmnedhiede @ixpdeFiole §avepes siontahdurtt GBSSpFdgy in a
direction perpendicular to its center axis on the shaft 2o formng hol e

portions ofby hehenuppesdidie during pressrmed diing reperativsly; and
subsequent|ly perform ng press nolding for the glass material for producing

di sk nmenbers wi th&HarteTnadia teottPIRRY e e d Wik abpuday faame

and a bottom frame, the recess may be defined by the outer
frame and the bottom frame, and the outer frame of the
intermediate 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 at a center thereof, using

15 anupper die performing press molding from an upper surface,
an intermediate die having a shaft forming hole portion
for forming a shaft 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
perpendicular 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 aspect of the present invention, there is
provided a molding process of a disk with a shaft shaped

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



25 In a sixth aspect of the present invention, there is provided a press
die for press nolding a glass substrate of a disk nenber having a shaft
shaped portion at a center, conprising: an upper die for perform ng press
mol di ng from an upper so surface; - 11 a plurality of internediate dies,
each having a shaft form ng hole portiomn for formng the shaft shaped
portion; a lower die for formng a | ower surface of the shaft shaped
portions; and 5 a height restricting nmenber for determ ning depression
amount of $13wiRg the shattahapadppeertdpn pé presrher hb@ﬁﬁptfﬁ, UsH&® s

ol di ng o GILUPPER A Baes 6 HIAG RERBEP LASNELEFAY TRCTHHRN COBER

portion at oy CANEEnbAAN 1USha1HY YHSa sk CrBRRGIGTHIGLET B8 TR N0

from an upper surface, an 1Internediat aving a s ng hol e
portion forederpbppinghafshabapethapyd i porendna dryed Uokekordiorfbng a

| ower surface of the shaft shaped portion, i5 conprising the steps of:

pl aci ngsa @awmingyaoflayes sswufacenlat otheesblafih@hapeds popdicereh havi ng
a circular cross-sectign in a direction perpendicular to its center axis on
the shaft CITRTESHBGe t t3BRBSoPTt'he i ntermedi ate dies of the press 20

die respectiveP%légEhg a glass material on the shaft forming hole
portion of the intermediate die with aligning a center axis
of the glass material with a center axis of the shaft
10 forming hole portion; and

subsequently performing press molding for the glass
material.

Here, the shaft forming hole portion of the
intermediate die may be chamfered at least on a side on

15 which the glass material is placed.

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

20 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

25 1is 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



subsequently perform ng press nolding for the glass material for producing
a plurality of disk nenbers with shaft shaped portions sinultaneously with
sufficient concentricity between each di sk nenber and correspondi ng 25
shaft shaped portion. Since the press die for press nolding of the glass
substrate of the disk nmenber with the .shaft shaped portion at a center
thereof , according to the present invention, includes the upper die

form ng the upper surface of the 30 di sk nenber, the internedi ate die

havi ng t he ferBingr hole ppriipnsforhEosming shaftd shrpednpprdiens ng

f t he disk tj f the disk f, i t | t the |

Lo hco of the ahakEleorming fhls BRetiand Peiidartaiend Th A MonmdEce of
t he shaf; eg Qg@@ég&ﬁgdwggﬁIg%égno§h5§$tricting menber for _
determ ni ng e HepreSS|on anount of the press, gas in the shaft formnng

hol e portion wild never Aesi H6rdebirfd dyldilgveF 0S€sEate PE Hhle BB g
into correct shape and to achi eve satisfactory concentricity between the

shaft shapeshapedi portiidonse dngk nenber. to Furthernore, by adapting nmass
wei ght of the glass material, shages of respective dies and, di nensi on of

't he hei ght reﬁ@i%@iﬁﬁtmﬁﬁﬁﬁri% LR memb Hiﬁ@ﬁsﬁﬁ%ﬁrm%%iﬁgsk,it_
becones pogfégkgsgqxﬂ{qﬂmgﬁnkgﬁfzgfggrgésthe di sk only by press nol ding

Wi t hout requitTng any treat e nmol di ng. Furthernore, since the

shaft form ng hoig Parifen aspbbe ot ehePriisei cindehBe o) A@rdale, the
shaft shaped portion can be accurately and optinmally nol ded. On the other
hand, sincepréoeigedsa dicddinghprocessnof2@ idhsdntwbbhf ar shaéts simpidg t he
glass disk is constructed with the upper die , the |lower_ die and the

i nt er méQi atROAF &OPr HREINRS F MU HeI shapesst SBRE taAfe ofhd seleS p BIEMRAT and

the lower surf ﬁ t%ﬁ ?is% rtd Qn_of. EF I ro he aut er
periphery thaY%éSng e fj Bd lgggleéf §8§'([%r]10 . %&:”35(?% tgﬁegglf%rt’rgtﬂéa'r?ﬂs s of
the internegh difpdht 81 Pe S ratiiey P‘%@% mdilGhd Beotl@hluiPs £ isAY PS8,
restricted by the shaft” shaped portion of the internediate die, circufarity
of the di skapoihtermetdidte dhachatriirng ty Skafite orrel g skoper pioart iso t he
shaft portion can be certainly achieved. so Furthernore, in the press die
of the preste¥ fa¥rediriom shaft shaped portion and a lower die for
15 forming a lower surface of the shaft shaped portion,
comprising the steps of:
placing a plurality of glass materials of revolving
body shape each having a circular cross-section in a
direction perpendicular to its center axis on the shaft
20 forming hole portions of the intermediate dies of the press
die respectively; and
subsequently performing press molding for the glass
material for producing disk members with shaft shaped
portions with sufficient concentricity.
25 In a sixth aspect of the present invention, there is
provided a press die for press molding a glass substrate
of a disk member having a shaft shaped portion at a center,
comprising:
an upper die for performing press molding from an upper

30 surface;



= 13 by constructing the height dinmension of the internediate die to be
equal to the nol ded product , the outer periphery of the nolded product is
restricted by the circular recess of the internediate die . On the other
hand, since the shaft 5 portion is restricted by the shaft form ng hol e
portion of the internediate die, satisfagtory circularity of the disk
portion and satisfactory concentricity between the di sk portion and the
shaft portion can be certainly achieved. Al so, according to the dinension
of the to interme®larallityiof tinterngaiatia 8digson eadie g iashaft t he
nol ded product in the height.directipn can be determ ned. Al so, the press
e acoor di HrRHeRohRaRERE 1R ERE: ERRERgIELS: FEaF i ShapmdBeraioth

di vi ded construc} i13t3e 104 -m i t i ng

t he recess of t%lﬁgfﬁ%%f?ﬁ??%ﬁr& Eﬁsgt%g Ir‘f%n%fgﬁgbgﬁg gEII%rerS rf;?rre are
only requi rsapadhpoirtgions pl and, hole and outer periphery to facilitate
machi ni ng to achi eve sufficient precision. 20 The nol di ng process of the

di sk wi 8h t he srafhetghpeadgsiriohingcoembery fort detgmrbmingnvention, for
press nmoldipg the gl ass substrate of the disk nenber having the shaft

shaped por t4ORTSESELRD AMPERE O&m% iIR%ERSEhe steps of placing the gl ass

material of rev i h i preul.ar. asect | in the
direction perpe%&?éﬂ%ﬂ??gﬁtphggggﬁgér a*?@égﬁg?ﬁgﬁﬁlﬁéwggﬁﬁﬁﬁg Hyé¥é]
portion of {derdEaaads atcel_&iﬁ?%fbcahlsgam diex GeNteTa 8Ra¥ tO&hdR@! ass
material with the center axis of the shaft form ng hole portion, and
subsequent IpoptiborfivnPrees mdld g d gdalse stibe tgladss ofaa atd sk membsat ai n

the disk with the - 14 shaft shaped portion having satisfactory |
ci r cul Pi t Rathnghkhet $Rat kaphaPeRePREEdON At 8ce’BtELr therdad. Wsihd he

shaft shape rti . [ ' t] | din
the ol ase SbERE81eBREEHALS pEaESHEINInd P Af Mokt SRFBteeT o) 27
the center,agofRtbemediteroteps HEvFl!xﬂ{?iélgslﬁéfth%&%iWé%bﬁb poritheshaf t
formng hole portion of the internediate die with aligning the center axis

of the gl asBorafermdingvd hsha€ tcaitapedxportiicrheamsdaat 1boren nidofer
portion , and to subsequently perform ng press nolding for the gl ass

mat eri al f(ﬁoé@%ﬂsiﬂ3}Qﬂ#ﬁe$ﬂﬁ§ﬂ9ﬂuﬁ#ﬂ?ﬁ@i§@4ﬁﬁvﬁkﬂpﬁﬁegﬂﬁﬂ@?%rtion and
the shaft portion. .ln an nn#dingﬁgéfcess set forth above, since the shaft
f or mi nd>hol OPBF L EIRS n-HheS FRPE! ate die is chanfered 15 at |east on

the side vhich theagiagsa BIoiidlity 4P BPaBkifitberiais 8E52ERLAVIMG! aD! Y

achi eve satisfactory concentricity between the portion and the shaft
shaped porthedy bhatpee eadldi hgvimeraessciscntar erosssseeitghin afnt de 20
spherical glass material is set equal to the mass wei ght of the product to
be nol ded, dhEeckdom marpPeoRddculiad fafitsofeNf@h@A®RLPoPRi Reofshaft

intermediate die is set to be equal to the dinensigon qf the_shaft shaped
por t1 on_of 4 FEMTPGRRECROTEIABRIaE, R d L SEALRER Ofomat TG
restrighin j {yn o that the clearance between the
interm% ia%f%rggggﬁﬁ&ﬁp ér‘a&(% becones equal to a dinension of the
product to be nEulesequenitdpqsstHdbemiageprEgmimo heéirgsfoy dhemaydldgy ng

after nolding. Also, gas will never reside in the shaft fornm ng hole so
portion . Teterigde fpzipnoducingpa @lwrakisyn ofe Giglgunenbers with

shaft shaped portions simultaneously with sufficient
concentricity between each disk member and corresponding
25 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 present invention,
includes the upper die forming the upper surface of the

30 disk member, the intermediate die having the hole for



= 15 only by the press nolding. The press die, according to the present

i nvention, for press nolding the glass substrate of the disk nenber having
t he shaft shaped portion at the center, conprises 5 the upper die for
perform ng press nolding fromthe upper surface, the internediate die
having a plurality of shaft form ng hel e2portions for formng shaft shaped
portions, the shaft form ng hole portions being arranged in a manner not
interfering with each other, the lower die for formng to the | ower surface

of the shaffoERipEdthershafs shapath@ardiipr PRRIerédng fromdehe disk

det 1 ni d i t,of t .. TIh f ,-th di b
oy conRITELER Pt APt LGk EETieE T8 TONBLAE, 8 Cahaar o (T APHRR ate
die with a ahﬁfabbtafgf_hé _igﬁlﬁ§r51%s, the TRWarpaRred £ iCHf tiReomes

easy. Furthernore, a plurality o I1sks wth the shaft shaped portions can
be producedidyepngut¥eaoe off Miessswatdi shaplde podtihiog andceadse beildgret di sk
with the shaft shaped portion, according to the present invention, for
press 26 noteshyickdnd slenmhedcfonde hgriaidgimfthe idgkregsionoampunthe

center thereof, . conprises the steps of ci.n | as terials of revolving
body shape Havthg Sggséi'r @tﬂ%ﬁ’br&%-%g%%oﬁoﬁg’é‘%ﬁ?‘gﬁ?iBﬂrﬁé'l%’eﬁ'di | ar
to the cent : i JEE i K qﬂ{(@nt |y
25 perfor m'%V%F:JzesgﬁgFﬁlggbgfmgagagl%aggh%t er ilta?lalF BF ?Pﬁ&r 6“?&%125@3% S
menbers w tdoshatt shaprd Hodttenachildve it Lseattomeaddntehtyicity
Therefore, the press die can be sinply constructed with the upper die, the
| ower di e dreitwaeni itther rshidfit e shiaped tportpoor @nd ythe dhiskhalambeBo Al so,

a plurality of disks with the shaft shaped Eortions - .16 can be produced
by one 18ycifBENEIrEOL &Py 3daPEA i BagEHER 1 gRh P L tBhe glass npteTd@lbr di ng

to the pr e?&&‘é?%&"%%“ s%&?{%%eﬁié@' 'Hgﬁgﬂgrgéeﬁcgrzr§Eb§:threa.tﬂ§e:9éﬂ:]he di sk

menber having e sha aped portion a CONpri ses e upper

die for perté&sfrngtAmRf mebdi-nBof tRE Fhaaup@Emens{i8aef &hel @ik ! yiw©f
i nternedi ate dies, each having the hole for form ng the shaft shaped

portion, tHeedtomes poesfidrld draripodheel bher shapeaoE dhe idd sdhafmly leped
portions, and the height restricting i o nmenber for determ ning depression
amount of tR¥EepFeBol efbEBouth aeqetEinge atyh Heedtmpnt &hke¥uct ed

vvithtg u ilc!i ,t? I i aq‘f‘n I || f ipte iate dies,
each h \E/i ng&gi% Iﬁgali ;ﬁr&?‘%gﬁ%yeg acuésaéﬁgl ﬁ%‘ér#%ncée&gmlﬁhehgﬁge becomes
easy. FurthespPign ip and UrAldfHe8hatesS g avild {e ehablighhaRad PAHd Ons
can be produced by one cycle of press nolding. The nol ding process of the
di sk with tdileaBhabhayeapepopbibnogamcioer decogrtatdhy andseritinevebyi on, for
press nol di ng,  the di sk nenber required concentricity between the
molded.
On the other hand, since the press die of the present
20 invention 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
25 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.

30 Furthermore, in the press die of the present invention,



20 di sk nenber and the shaft shaped portion at a center thereof , conprises
the steps of placing glass materials of revol ving body shape having the
circular cross-section in a direction perpendicular to the center axes on
the shaft formng hole portions of the internediate die respectively, and
25 subsequently perform ng press nol di.ngzfor the glass material for
produci ng di sk nenbers with shaft shaped portions with sufficient
concentricity. Therefore, the press die_can be sinply constructed with the
upper di e, RhCIMFEFUGLANEhFhehheight n@imagnsigine off tthe Intesmpdjad® of

t he shaft formmng,hole rtions. Al |uraljty, of - 17 di.sks with
the shaft soﬁ'aepgdjg&?r £ &"é)ntﬁt? B'Pé‘g{ﬁiéjprtﬂf{‘bﬁt'c%?eo%Feﬁr%§§lﬁaed?Yng. on
t he ot her ; i rld enpr . ] i f

bress. ol ditng e e prdduct CERTL P Bgblng CRETLEDHTG: FRogs,
shaped portgfkhal ihberaeiicite dargs i s thecotheernahe, foinEe e ghagpr ess
nol ding fromthe upper surface, a plurality of internediate dies, each

havi ng the poaftohoisi mgstarcpedt byn the shafitnforminghdielehppad igarti on,
the lower die for form ng to the | ower surface of the shaft shaped

! . J L L P

portions, &Hd M IRtgrMeAdate dieg sahbef acdoeiGH re Rl Agidehods &itth
anount of t r . Ther. r f i t Wi t he
upper die, (ihﬁ%lpléé\g}:l§?le ag'fn(%j) %a%ﬁ.g?gﬁt%ﬁ?éﬁééﬂﬁggrcﬁ@&?al?%fglgggl, tz%ch
having a plaissipyritiodf dd@ ehaf shartr perbeba RAM W8 tBrHd R By
construction. Thus, maintenance of the die becones easy. Furthernore, a
plurality cchtigkedw tAlsloe dAetordhagedporhé odimearsin pobdiibed by one
cycle of press nolding. The nol ding process of the disk with_the shaft
shaped!2o ﬂ&??%‘ﬁ?d&é‘g@r &R i the dhyertion . ftdre plémengdian ng
thediskm%[‘g)e equi.r I GI TV, bet ey di t ft
shaped porti on&é @ﬁé‘dc;%gint $8§§%r ﬁ?est]?ﬁeﬂg?ggghoq%éégiﬁg gls:@%ateri al s
of revol vi g @eMinaBane having a circular cross-section in a direction 25
perpendicular to a center axis on the shaft form ng hole portions of the
i nternedi ate di éslsd, tihe press die aacdrdibse dqoebheppeséatningeptaom
mol ding for the glass material for producing a plurality of disk nmenbers
wi th shaft lé}f%\Jp‘é@eﬁo?:hieo%ltﬁW@hﬂgéu@F? Wt Biyididedieonrs BsucddcttiQcity
bet ween_each di sk gerrber and.ﬁorrgs ondi%ﬁ - 18 haft shaped_portion.
Ther ef 6Pe, e[hl’fé"b?g § HETHbE 8 n’%le“ac REFuEPEd TREH A UBpEFCASE the
ower die and enal Bidll { K1 { NendniBrBEHAI Lo bl CErafiRF HAGVERG Bufla al ity
of the shaft form ng hole portion. Thus, 5 mal ntenance of the |eubecomes
easy. Furt farame are qriily atéquioéddnakhiniiny oifepllaaid, slvdpedndouites can
be produced by one cycle of press nolding. On the other hand, since the
di vi ded pl Refiphesy iter farylbtate aaciuiningetonachifaien safhdcdeydr ti ons
for to formi.ng the shaft shaped portion at the center, it is possible to
i mprove thé”?ﬂ%%ﬁ?ﬁf’ﬂg preci sion to pernmit production of the press die with
the shgft form [ LR hj,gh egh st.0Q; apd e i S t he
shaft Shaped portion i Erhd PErqeg e et a kTR thRCeHalt shdbed

portion, according to the present invention, 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
25 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

30 molding for the glass material to obtain the disk with the



15 when failure is caused in the nol ded product due to occurrence of
failure in the divided internediate dies, only faulty fraction of the
divided internediate dies is required to be replaced and remaini ng
fractions can be used w thout replacing. Thus, maintenance ability can be
20 inmproved. One exanple of the disk Lniggrated notor using the disk with
the shaft shape portion according to the present invention is shown in a
formof diagrammatic section in Fig. 38. On the other hand, an exanple of
t he case u$ sshﬁﬁegaMQEﬁk@ﬂ B@Mﬂﬂﬁ|%mhlSﬁéﬂﬂOﬂXﬁﬁﬂ§¢§ﬂ&ﬁ¥tYnnor S

shown in a forn1of agr nin can see

t hese exanpl es, gﬂgﬁ%t 9eﬁ'f)|16ir?g'}g cﬁ”é?celsﬁe Oﬁ Etkﬂeaé'si‘an be
reduced by n %ﬁﬁb t t for 30
reduction o# ?ﬁ ; %éggggF the d$éﬂﬁg?%§%ﬁﬂﬂf#ﬂ&§?&i§g Q%ﬂ g Eggﬁgibther
obj ect s, efifrﬂfarstléﬁat Foas prsk adMenEaers e tdhPaBEes@ils tireest bentid |
becone nore apparent fromthe foll ow ng description of enbodi nents thereof
taken i® c@ﬁja}nme'ndmwltétVihg the shpafilisigapedrportdgon BRI EheDESTRERTI ON OF

THE DRAW NGS . 1 is_an expl oded general sectiqgn of a press_die 10
accordlngiﬁ9ﬂﬂéh%?§55hﬁ Biredt ioh Praging £ ea@%%ﬁﬁ(ﬁﬁékréaﬁrQESt@@é

perf orm ng Jnl &Hﬁa‘ﬂfol"% oLt idn B Gle Fiﬂte}pe‘?i'ldsﬁ@' &I 99, a

nol di ng process accor present 1 nventTon a partia

section shewj glEhBOHédﬁbe%x1§~oEeHHHrQI@sgnh@ﬂékiwlﬂﬁﬁﬂﬁ_Qhéf@
press die of in the first enbodi nent of the present invention; Fig.

4 is a frOMBnﬁe&aakms off el dbdfir dibrming Rode JoFtyons,i @ bott om

view of the nolded product of Fig. 20 4; Fig. 6 is a partjal section
shomnnéothéqh%%ﬂuﬁp$1ﬁb@ﬁﬁﬁp¥ﬁlpﬂéEﬁﬁﬁﬁmﬂ@%ﬁé&gnﬁﬂr othehgl@ssent

e of tnesraEte iRl FE A iR nd (RaCe0s Rt pRRe s e o
el evati on @&gﬁm?g@k@gg.Q&gﬂugﬁelgﬂaﬂt portién.. 9 is a bottomview of the
nol ded product of Fig . 8, so Fig. 10 is an exploded general section
show ng the In the molding process set forth above, since the shaft
forming hole portion in the intermediate die is chamfered
15 at least on the side which the glassmaterial 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
20 spherical glass material is set equal to the mass weight
of the product to be molded, and the dimension of the shaft
forming hole portion of the intermediate die is set to be
equal to the dimension of the shaft shaped portion of the
product to be molded, and a dimension of the height
25 restricting member is determined so that the clearance
between the intermediate die and the upper die becomes
equal to a dimension of the product to be molded, it is
possible to eliminate necessity of machining after molding.

Also, gas will never reside in the shaft forming hole

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



+ 20 press die in the ninth enbodi nent of the present invention; Fig. 11
Is a plan view of an internediate die of the press die of Fig. 10; Fig. 12
is a front elevation of the internediate die 5 of the press die of Fig. 11,
Fig. 13 is a section of the press die for perforning nolding enploying a
press die of Fig. 10 for inplenenting.the nolding process of the ninth
enbodi nent of the present invention; io fig. 14 is a partial section at an
initial stage of nolding of the press die portion of Fig. 13; Fig. 15 is a
partial se@nln BY the miTers @ﬂgd&ﬂgrxntlon of the press die of Fig. 14;

Fig . 16 tial f th ed duct 1~ t f th
oross die of P ane Presd dfe @eeot8iny 4 Mhennpeens’ drivepton,

per f or m ng f{%‘ﬁ%‘%ﬁ”ﬂ%&%&%m * Qéesﬁ%tfa@i %‘F“El‘xé'gii_iEﬁ H%@%‘er}.g

process of Te present 1nvention

bottom vi emsfitigetnel dnafpr @dm;ie@ dtr8ion2@tltheicentidr| Sc@mf)i'@_%bs
el evati on of the nolded product of Fig. 17; Fig. 20 is a section of the

press dbe fidre pmper Mig m@rcpagfbgrmm@nﬁss heo pdésg frenf thei mpperent i ng
the 25 nmoldin ékégocess of the tenth enbodinment of the present invention

i |l ustratedy g: the HMpermediate pf%ﬂ“?ll'éﬁvéﬁet@di’llﬁﬁéﬂrlﬁﬂl Qifnﬁhéﬁ'-:tt he
press die F}Oc{frﬁf{)ﬂotfxofbgpogq:ldﬂ@ f% £ SrfngBhadsd <1663 8 HS ARG the

press die so e pri
the shaft forming hole portions being arranged in a manner

not interfering with each other, the lower die for forming
10 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 simply
constructed with the upper die, the lower die and the
intermediate die with a plurality of the holes. Thus,
15 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 present invention, for press
20 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
25 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.

30 Also, a plurality of disks with the shaft shaped portions



Fig. 23 is a section of the die in the nolding process enploying the
conventional press die of Fig. 22; Fig. 24 is a partial section of the die
portion corresponding to the nDIdlng product portion of Fig. 23; 5 Fig. 25
is a front elevation of the nolded product in the prior art of Fig. 23;
Fig. 26 is a bottomview of the nolded pgoduct of Fig. 25; Fig. 27 is a
section of the die in the assenbled to condition in the fourth enbodi nent

of the present invention; Fig. 28 is a section of the die in the assenbl ed
condltlon|QﬁﬂPkﬁfPFP@WQﬁﬁMPﬁEﬁPeopymﬁﬁpﬁ@s@ﬁ@ﬁﬁnﬂﬁ&@éﬂg ‘Fig. 29 is a
section of the gie |n th Iod sgétlon 15 @ t he_sixth enbog t of
the present inv e 361 &t PEFHT The: dquQFQ%ES Qe
condition i I X e - R6€ | s an
illustrati ﬁéﬁﬁngﬁge?o@%ﬁ ucti gér%gtghebdg\%%ge %@t e SI xt gﬁbr%c]itiérrent

of the presantthto dislemiémberFhgvidyy itheashdf t Shapedanpekediong at ftirece to
be exerted on the nol ded product during press nolding in the sixth
embodi nént agnieE. pceydnisesehhpompr@yy. dig FOoraPerfOEMing ®res®w ng a

conl 100 NSRS APLAAN, LopeaBlstedd noF 385 B B0 LinBaR et 0 O
eei ot i, ek, RS b G [Fotitagesablatade gagidd on 11
section of gdwet flbg,i Rhiehd swdt 0deed for forming the lower surface of
the shaft shaped portions, and the height restricting
10 member 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,
15 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 present invention, for press
molding the disk member required concentricity between the

20 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

25 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

30 of the shaft forming hole portions. Also, a plurality of



condition in the eighth enbodi nent of the present invention; 5 Fig. 37 is a
section of the die in the assenbled condition in the eighth enbodi nent of
the present invention; Fig. 38 is a diagrammatic section of a disk
integrated type notor using a disk with a shaft shaped portion of the to
present invention; Fig. 39 is a diagrammatic section of a notor portion in
the case where the conventional donut type disk is used; and Fig. 40 is a
perspective view of a disk drive unit 1~ assenbled therein a disk

i nt egr at ed 41gkEs nWish dherighadl. shapad MPITESCRsPEAN W PRedpRRED bY
EMBODI MENTS As a _die f nol di.n lass substrate for a disk 20 according to
t he presenanﬁVEXthnFﬁaéﬁfe§§sﬁ§$' ?* oxi dation resistance and nechani cal

strength agai nsiori ohe! SERRRAMIR ANANG! G EESEYES WeChBLALNGoAihe
er an

required. On the ot , since the dire contacts wth the glass at high
t enper at ur @réfendi enventeinn | efot ophése mOWding adnd iglayswsubsthagtse On

the ot her hand, a surface snoothness for high density magnetic recording
medi um bs rafuthedisk seemberahaytisg Hdwe ishpf tiskapednpprpiern dtorthe t he
g;gs:,gog S SO gomprrses *Phe’ dpper “d1 e Bh" et Eormidy Trees: 2 9'e
molding from the upper surface, a plurality of intermediate
dies, each having the shaft forming hole portion for
forming the shaft shaped portion, the lower die for forming
10 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
15 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
20 portion,according to the present invention, 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
25 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 simultaneously with sufficient

30 concentricity between each disk member and corresponding



netal with good workability as a matrix and formed with a noble netal all oy
filmas protective filmis optimal. However, the die is not limted to the
foregoing particular die. 5 As noble netal alloy film it is applicable to
contain at | east one el enent sel ected anong a group consisted of platinum
(Pt), rhenium (Re), iridium(lr), osm-umg(©s), pal ladium( Pd ) , rhodium
( Rh) and ruthenium( Ru ) as nma j or conponent and also contain at |east
one el enment selected to anong a groug@Fonsisted of tantalum (Ta), hafnium

(H), tungstttvwphapsdy Ron§iop-at Ehe(ﬁﬁilf‘?' r EBRi RRgF®)dier canukir),
) oy . . ! . ,
Che die 1o SR8l oEbHALT e of WERHTHEN ol (A1 QPG | Mk s < AP

alloy filmg A?lﬁrﬂh.@ﬁ:%r B¢ efhal it ¥mSdPheBediids [ heaBhepgRtiigivention, it
is desirable to have & nechanical strength as a substrate for a magnetic

di sk. A gl gshunal étiyalofthabvhegsiaditg'f crmibngl ko lgyr gadetibhan Thusqgual to 80
GPa is desirable . 20 On the other hand, glass material having high

cheni caP stedinfepanee 1aEsthe| glieudReomnes eRSHmghatyeheEBergi.nd medi um

char act er | 1 EbahaEHt BF £ oot tB) EpRgshnsY TERST PELEIERS SE0 R di e
T et ve DETORC RSO R EreTe eSO e type, "al uni no.
l'ithium silicat ®rd ypiRe dtheralhanhd) stihickatithéygevilarsbaslandlieyopfiay be
applicable. A viscosity of glass for press nolding is preferably 30 a
sof t eni ng porervedgdiadss digsihave Shebshafit foravigy bple poxrioms fiar 108
POLSC. Jbl SRR Pk ks PokhEoh SR, FARSen s " O
el 200182 B0 DRAREDYS, MR USSR AL LB RO PSS
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
15 when failure is caused in the molded product due to
occurrence of failure in the divided intermediate dies,
only faulty fracticn of the divided intermediate dies is
required to be replaced and remaining fractions can be used
without replacing. Thus, maintenance ability can be
20 improved.

One example of the disk integrated motor using the
disk with the shaft shape portion according to the present
invention is shown in a form of diagrammatic section in
Fig. 38. On the other hand, an example of the case using

25 the same sized conventional donut type disk for motor is
shown in a form of diagrammatic section in Fig. 39. As
can be seen from these examples, comparing with the
conventional disk, the thickness can be reduced by more

than 30%. Thus, the present invention can contribute for

30 reduction of thickness of the disk drive unit.



beconmes not possible to obtain target precision. Furthernore, breakage of
the gl ass substrate can be caused. On the other hand, when the viscosity is
smal l er than the foregoing range, sufficient deformation speed cannot be io
obt ai ned. When greater |load is applied for obtaining sufficient deformation
speed, breakage of the glass substrate gan-be caused. On the other hand, a
press tenperature is preferably as |ow as possible in view point of
duration of the die 15 and energy efficiency. As preferred press nol ding
tenperature, a tH¥herhovee afibther: abigicds. s%fgéﬁiﬁg geatureshand

tenperature ere the viscosity of glass is 1Q''6 pojse) is suitable. The
breferred AOLEERPARPS cier Brerehe Toviptiom BrlLoherrs Redke “ror o
preferably geal d £ urd her Br r afal r
Phan o eq AP TEeE5 1o thE 8L Ik (iR Ae BT ipiddiE of | ERBCRAeEEr
range of 1GHaiféer? takeiDikogébaAlnctivefvithd tHd fodbMmpanifigdressure is
to be variabl e dependi ng upon viscosity z5 of the glass. Wen viscosity of
gl ass i & hidgrawingspreferred pressure is to be less than or equal to 100
kgf/cnm2. Even at the softening point of glass, the suitable pressure is to
be | ower than or equal to 600 kgf/cne. If the pressure is too high,
breakage of gl ass can . bt ok T dag@n ef ormati on of the
di e can be caused. -ggg%ﬁf§§€§%§ggﬁﬁ¥ﬁ%%ﬁ%f?ﬁgi?§§?¥HG%DIding, a
pressure close to a critical pressure not causing breakage of the glass may
be used. Such critical pressure may be derived experinentally. 5 According
to the present iFientl cis ameexpbodedi gehmral esachbbdi nff ef pressyiddss

substrate of the _di sk nember having the shaft shaped portion at the center
porti oR? i MICRAEILRG HHerheyi BregendneknvieRtiQR /i nter medi ate die having a
shaft form ng hal.e poyti r.f.orm t f: .portiaon, d a
hei ght restrict ici:lnl bf%%‘esos%erg\%cr%l%rgégﬁe%rﬁ%?%%ér %c%?%é)ﬂﬁf%rrge&oﬁ' grl nad1
restricti n%$mewﬁs of%q]ﬁfesgtt@beaﬁ #ilg. ANELOSHRPLBmeR i@ mbawRiny hol e
portion by dlass material placed on the through hole of the internediate

di e may be pifccdasgadcddrdimyg dogahegimeseants imeentienpedi ate die and the
| ower die according to penetration of softened glass into the shaft formng
hol e portion. THek®f ot ds @opanidial mechbopashaving asfddesppx tdipn £ ¢
shaped portion-.to nold into accurate shape., Furthernore i rder, t.0 avoid
oo qudt gREEeQBoiRg mol S B, HalSTBE HRECRERRR Ra e & A9 wb Ailtes

bet ween the ot £5 pedi andy sl fmeh tipeCprabents {dRpontash;and is
preferred as rougggas pos(g(?bl e ?n%e ext ]r';t L':"%ot afﬁ%{ii ng for precision in
di mensi on of dedign, ¢rebemaldnomwt ealerathizon osf egualolided. god@att luef ot her

hand, during the 25 nolding process, the press pressure for filling the
gl ass materi¥d.i 860 the through opening for forming the shaft shaped

portion is preferred tq be as |low as, possihbl.e for %ailit ti ? charge of
Gas, and desiraliig1 Ghar® PnBR RO KLEW (o 15 B 1aR8 Product of Bty
hand, ggcorgding to the present invention, - 26
Fig. 6 is a partial section showing the press die
portion in the second embodiment of the present invention;

Fig. 7 is a partial section of a molded product portion

of the die of the present invention illustrated in Fig.

25  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.
8;

30 Fig. 10 is an exploded general section showing the



a nol ding process of the disk with the shaft shaped portion enpl oys the
foregoing press die. The glass material having a circular section in a
direction perpendicular to a center axis and having a revol ving body shape
including 5 a circular section greater than the shaft form ng hole portion,
for exanple, spherical glass material -nay -be used to facilitate high

preci sion concentricity between the shaft shaped portion and the disk

menber in the nol ded product by facilitating accurately matching the center
i o axi s of PessHdie ihckhe yimbh emppdipaninaftthe prasenbdnveptingigl ass

the ol ass rat er P40 ach o v A TeeBent Pttt EntbLaBp R ebPEatbe i (i
hi gh circuyﬁégg &fF B¢ @biqi ngg, 15 Furthernore, by providing chanfering
C

process, s as fillet process and so on at | east on the side where the
glass material FegwW ey a £ridret Sbdvatdon of hdlee iprdrmeadbbtehdie
internediate die of the press die, contact between the shaft form ng hole
portion5an®f Heheg)l BEesSBo Gl c@f aF1gan We stabilized to facilitate high

L1 o1 ConC S e "L LSRR L L

wei ght of s ial s f. i v (ices, sdi i opnsaf 25
thenei gt MEAPLAG et BiRly 22BRRES Uid BEORGY. 3 6 £o% SMITARLAL 8 22,
menber, t hQ:H@hﬁﬂdiﬂié?ﬁ@égﬁoﬂaﬁﬂé‘mi&h@hc&rﬁﬂm&ﬂiﬁbﬁ& afdthBepsdaknhtshape

portion can be obtained at high precision only by press nol ding.
Furt her nor énvwemptienlity of press nol ded products can be so forned

si mul t aneously through onpe cycle qf press polding - 27 . operation. Oher
obj ect 80and feafdi ofd the Br BBk alnEaRs AR WAL aBedoid 1obas EABe! Pém

several e i S iﬂ%\%i ?e l.al ? i ref erenge to the
accorrpanyirTJﬁg)d'l'ciir’gfi]’Iil naghﬁ ( |é§ Eﬁ%@&ﬁ%@ﬁ ?MLFS.F?éfE ggéeption show ng
the first enbodiFen! pb @sPhepart falosechildiedt | fHeamFAdEdIpPOEGRTS Of a
disk with a shaft shaped portion ( outer dianeter of disk portioniois
25.4 mMm apdrtkoesefi $he IPrews didi afetRigof 1dhe shaft portion is 4.0 nm
a length of the_shaft portionis 1.5 nmy, Figs. 2 to 5 are_explanatory
illustrations sKd@ngé is a partial plan view of the molded product

15 portion of the press die of Fig. 15;

Fig. 17 is a plan view of the press die for performing
molding employing a press die for implementing 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;



the nol ding process. As shown in Fig. 1, the press die as the first 15

enbodi nent for inplenenting the nolding 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
menber for restricting height, an interpediate die 3 provided with 20 a

shaft form ng hole portion 3a for formng the shaft shaped portion 12 of a
mol ded product 11 at the center, and a |ower die 4. The upper die 1 and a
| over die 4 hav&igotkekdisva $sechionopfeherdhebin the MoLding PROSESS f ace

of a hard net 25 haying a diangeter of 30 mmi.n the £ss rtion. The
surface of eﬂﬁ%‘ﬂ){lgcﬁ\f’e qq?%ﬁﬁ%%‘@urﬁﬁ%ﬁsrg&&nﬁe@gﬁ*&'0230'. 5 nm and
flatness of 0.2 tk t : a pate.sdi e | vi ded
with the shaft Faidi %4 hgﬁe%pgﬁl;%ﬁg a\si%%glg}{d?%ﬁrrg?ielrg gﬁsg"éﬁ’%%n% On the
surface of diafrespbadivly td thHe b L&inghprodudiB paxrvieat b¥eFiiigl.nefgr med
of noble netal alloy is provided. Here, dianeter and thickness of the shaft
f ormi ng5hol e poftiidhn 2 elgdererfinont ¢hevatdiaterefi btheomaldeduprefnicikage
of the glass duri ng nol di% ang thus hegs greater 5 design values than the
targeted glidsstREPBELLTe a%t Ot hE19haf43 shaped portion. Correction of

di mensi on by t her.nal LN [RY; f e | i
coefficient of ?rﬁ' 'naz'?;rlisaga%ér;tg?ﬁ'e{r}gsg'fgﬁefe?slﬁglﬁpﬁg ﬁggpru?é{)?)o%zbg n be to
experinment gl y adjusted adapting to the nolding condition. In the press die
of the present invention, the upper die 1 and the lower die 4 are
respective nmenb@dyg f 27 piesa mEal hgnobfarthepiie sinf &bte (as$embadeidon
recording surface) of the disk menber 13 of the nolded product 11 and a

| over 3frf &QnAithepsins heckoprsh embedinenshffedthRrPresert and are of

convex shag%} ﬁgigﬁs.hi ng portions la and 4a and flange portions 1b and 4b
havi ng slig ‘1\% reater dianmeters than those of the pushing portions |la and

4a. The pushi ngpagy!ipesikaaanbdgicheosdaHediie 28 emgades¥bhbiaghol | ow
portion defined by the height restriction plate 2 in vertical direction.

Fur t her nor esoridiet hengin thes Fiiifcth embplddivertt iof theypresental nventdonf;or
restricting hei %h.t of the disk rrpmrtl)er (thickness of the disk is 8.1:38
and is forned i AHd ar%hBua&eqthgn gl ediminctherexpl ades: aectipn
I nter mfg“ atien d1i:1?e35ii§<t?1i Séan?gggiment 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 of 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
invention;

Fig. 35 is a section of the die in the assembled

30 condition in the seventh embodiment of the present



within the holl ow space of the height restriction plate 2 to clanp 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 , novenent of the press dies in the
so height direction is restricted. Therefore, by the height - 29
restricting menber 2 , the thickness of 22he nol ded product 11 is defined.
In the press die of the present invention, for press nolding the disk, as
shown in Fig. 2, at first, the 5 internediate die 3 is nounted on the | ower
die 4. ThedD¥eRtheRght restricting plate 2 for restricting height is

nount ed surroundj.ng t shi ortion.4a.of the | die 4 t he
internediate di ?J%Jg l\ggt ?gsﬁ %‘F@”&%n@&? S éb%e}ﬁ\é\%ﬁleshea’b%lgaggs
material  ofc i@t 28ni APX K Ce ShthA B YREMBhAS DH SHd ePragditmperature
600C) is placed on the shaft fofm ng hole portion 3a at the central portion
of the inteameshtiondie 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 dbe 1. 15Ffien, 3%udl fetsegtian ofeshs dheuinedhen assembded

Thereafter, a stfpge 5.is | owered abut onto the upper die 1 to apply a
oad of 50 WhEBEOR i tHP « RLOBEDs SRPodEnent, e i PSS hRn,
tenperatun§h§gnﬁggn5tages 5 and 6 are elevated 20 by heating with heaters
7 and 8. Thus, the upper die 1, the internmediate die 3 and the |lower die 4
of the press di giig. algeyat @adlipgtammattdpeeaitiich off 80D{sRenttéfgeateid eni ng
point to performnolding of the glass material 10 . After reaching 600C,

t he stages typadesteraisingtaideek2eith plskaftoshapeidnpossicthefedfiteer, a
|l oad is increased up to 5000 kg during a 3 mnutes period by neans of a
press 90t o BRSeRE 28V 1PR: for press nol ding. Subsequently, the heaters
7 and 8 are tur OFf, ad ; 1S 4l 0 T. .ages 5
and 6 , the so Eg%’er jcj?gqué {%aégﬁggbﬁg&%%%ggwfh% OFA/%F ﬂlsg% %glnd -
30 the gl ags ti ehisdl wherdl €he0ebA¢edhWb £ ASH Ity peiditsk arpasalds e of
440C. Then, the load is lowered to 50 kgf, and the nolded products are
renoved at andenperature |ower than or equal to 100C. s Press nol ding set

forth above is perforned within an encl osed chanber surrqunded by a casing
18 or the like &ider 4felf & RAPFREEtAVa stieWtAfnat ddgdh. ARLVeog®it o be

filled in the el r ig.fil t hat ess
nmol di né"car?%%%??@rEég%lgﬁ%cpeéﬁgkoigqﬁégéaﬁ{r%gﬁ %Hﬁ#e&lf @?@5131 g “nol di ng
process, the glass material 10 is forned into the shape set on the nold as
t he nol ded product shown in Figs. 4 and 5. Dent due to presence of the
residual air inDBEBATHED: DESCRDATAON dFhtPREEERRED IRMBGDIMENTSorti on 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 th ress _syrface qf the r.dieds transferred
precisely so thg?s t%eé%gr Eé’ e "%%-E%hﬁ@s? Sofsgggfe'ﬁg ienffoc?lfra i @ﬁsﬁ(recor di ng
surfacgoof dheoFishgP¥d i1ahe WBPesent invention, heat resistance,

oxidation resistance and mechanical strength against high

temperature and high pressure upon molding are required.
On the other hand, since the die contacts with the glass
at high temperature, the die is required to have low

25 reactivity with glass.

On the other hand, a surface smoothness for high-

density magnetic recording medium is required. Also, as
a motor bearing, dimensional precision in the order of
sub-micron is required.

30 For satisfying such requirement, a die having a hard



0.5 nm and the circularity was 25 umwhich falls wthin 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 Furthernore, the
‘concentricity 25 between the disk portion and the shaft portion was 2 um as
targeted. Thus, the notor shaft falling2within the target range can be
obtained. As a result of the foregoing process , the press die for

i mpl enenting the press nol ding process of the disk with 30 the shaft shaped
portion, a&ediall ngith gredbmaekebility) as R dpetEAx @Rt FRIPedt WadtH t h

t he upper die t he hei.ght, restgricting plate 2, . the.intermediate die 3
and the | ofbn b ARl ST AR Y ELE 3R B fefravdtanh fToRtiRed C ;
the tip en aly f } h ret ; s Lhk h

ol e of tne gL b S R R L8 e PO ng
t he shape asiglesigned with precisely transferring the die. The present

i nvention has been illustrated and di scussed in terns of the shown

embodi nént havi AF nedlromediaghaddsiy ifdilimhg 1§l 46capPlighbdd toatontaiay .
However, it shoul d not be

speci fied to the shape and arrangengn s the
hol I ow ri ng%s t 2RBeP el S eBheE. 2RO AsOHAP § n?%s%ﬁiﬂﬁ]e to
arrange th I r R Ctd t bet < 1 h shi ti la of
t he upper z)llreﬁll%lﬁ}magg’ttt)h'e J}pus i{){r%lg Sgr%t)i 'onlygg %)Pﬁlt ﬁeﬂﬁo’wer |lgﬁl4,(6'%3 !
arrange thedrtgaias ¢pd)di ehb@iuhheRhoWahddire thdidmuRul) hashaagir
restricting plate 2 thereon, or to nmount the internediate die 3 on the
| ower di e £omponenpr aniddalse gy iopinagt ensd ooene lanewtnsehecdeser die
1 and the lower die 4 to provide 2Q only guidjing functiqgn without

restri é0i n@MRI hdi gheUPocarsit $Eei R LRty (B )aehatR g™ K8 EHei ght
. A : e _
o T hen ot ntRBEEe Al uh Ao id® (ARYET di S dalih TEY, Sndndldit A368) Pensor

arrangenenti ofdiéa eirght dastumcl oy PlRiEL aduRe (23)S] Bhed ki ¥mMeiH) ed.
(Second Enbodinent) Figs . 6 to 9 show the second enbodi ment in the press
di e for in@mebemuthentien nRal) ng process of the disk with 30 the shaft
shaped portion according to the_present invention. - 32 As shown in Fig.
6, a glass mateQfaicomrse, pkhei digalpl poti srecdd ied ot @ RN PBPLEYH Nhape.

The press di,e used in.the s nd di of..t,he present invention has

t he sagg cgﬂg r%@F?gﬁlﬁﬁﬁIﬂﬁﬁgﬁspggeg'égfﬁég gﬁémhsed in the foregoing
first eUbOd'”En%s1$e§f59§eméﬂgkfﬁfsﬁodwé'éhﬁPB?EBU@ﬁﬂtﬂtt?rb@%dﬁmmr
die 1 with the pushing portion la and the flange portion 1b, The

cylindri calirheeghliongstiti dis desimdiel@ 86 hhee asmeiciamjcaknberehgth
restricting the height, the to internediate die 3 having the shaft form ng
hol e porti & 2asuBstE@te A1 RAmagReLishddsk pdrgiarsimaseripd havdayg
product 15

and.the(%g r die 4 w.th the pushi,n i,on, 4 d tg fl ange
por 1 on 4b YBRISLE AP hEs & Gafedl that o BHRAT BotRLbERLF Ak Frptile
materiah 14PfthE. 88net Hiend gﬂ%%léghné‘@éfiﬁé Hav TN ARGhalchdhecdl
according to the sane press nol ding process as the fitst énbodinent. 2n the
shown enboditredmilityhandphesseal igifdsrened efonltHe magreticnréberdialg
formng hole portion 3a of the internediate die 3 of 4.003 nmm di aneter can
be pl aced jum 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



20 center axis thereof matching with the center axis of the shaft formng
hol e portion 3a. By press nolding, the glass nmaterial is spread in circular
shape about the shaft formng hole portion 3a at the center of the
intermediate die 3 for nolding the disk 2s nenber 17 with the shaft shaped
portion 16 by the nolding surface of thg4pushing portion la of the upper
die 1 and the upper surface of the internediate die 3 and the shaft form ng
hol e portion _3a for form ng the_shaft shaped portion. Also, concentricity

between t hd&hda KhaReise- potfi bhely irPshEYdisk gradEeT 1 tham the

certainly QVi - 33 s_sh in Figs. 7. t0.9 satistactory
concentri c%Véﬁ?gggnrf’iﬂges’h%%%%8@&%0&%091:% s%lrn% %‘i‘gﬁﬁpgr OEEI 3 t he
di sk menbergild @inapd d®iLaB IBurehbamdre acthE¥adl Shten [ i sk
Gith (he o sh%peg Sortion i s LEFRLS tﬁ'hgﬂgﬁa@glas% E¥niehh8, Upon
simlarly tondhingi becoadmdi aege. tedauke daffiessncg oh phedgigss dual air
in the shaft portion and dent even in the disk portion due to presence of

t he resbdudiransfer| pfthdhe pPppesing srbaaet oft thelidkew t Bhuge diaft

shaped porg%ion wi t h_hi gh ion. t he o%her and, the surface

roughness GCEHReH, BOL S;%{flléis-ﬁf ton@ PEgEL (RERSHEAPDY precisely so
that th i nf i i f th
ok port; nnaTehRUgRCERedhato bERNS SIARS b CERLd b BY £8REY, | 1F

the target omnAgRe GJtEdr Wan@) whenother vizuwbsite {4 admesseel thad ahek
portion was 1 umwhich falls wthin the target flatness of 2.0 um
Fur t her nor £onegoingcyandei tsubticdentt efivxrapdon espeed cannoitatbe

portion was 1.5 pm.snal|er than 2 2o0_pm.as targeted. Therefore, the notor
Pt t Fal TR S HbSha alae bt BB, st HHP M i R o P BSERGS mon )

I he t hi j aml di f 5S¢l | h
Shai ¢ Shap@T ot 1 DA 2 S A A, R boc PP 1 2. T PRo XU ruct | on

and di nensicaib®frsbe paes vdli @aiigedi.m | ar to the foregoing first
enbodi ment. The mass wei ght of the spherical glass material 14 is

prelimnarily a@nudthed atthée apd| @ rassrhempesiaghire 528. @Befigrabflyt he 30
final shape of_ the disk nenber 17 of the nolded product, - 34 _15. On the
ot her hand2%slQodf PRSSIP1le iR VilswhdUNE of duEatkan f the i€ 3 in

t he thigcknessy di L.on d.s. d tg._t i j70 f shaped
porti olﬁglG%%l%fé{l%}e}bk’i n%a‘ﬁfsls‘%g%g&gf tﬁg E’%s%%ﬁ%gr Bf%so% r}{?%]?éarir%‘bded pr oduct
15. Furtherdg¥gerdtAréENY Aemfe PatUPeLicPoddi 6Nehe Hhdts [ H6£RERANY
portion la of the upper die 1,” a thickness X2 of the pushing portion4a of
the | ower giceinmtt ,(the henpmsaturefwhaeei thernksicasdtyi ef aybaastis dkriess io
of the disk nenber 17 of the nolded product 15 of the final shape, is set
equal to abwigsml %8 suitable; ghfheeprefarrgdppgess 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 less 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. 1In

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



As shown in Figs . 8 and 9 , by perform ng press rnolding wth the

conbi nation set forth above, the dianmeter A of i5 the shaft shaped portion
16 and the dianmeter B of the disk nmenber 17 and respective heights hl and
h2 of the press nol ded product 15 can be nake equal to the dinension of the
final shape of the disk nenber 17 of thegsnol ded product 15. However, when
hi gh di mensi onal precision is 20 required, correction has to be made in
consideration of thermal shrinkage of the die material and the glass to be
mol ded. | f Turvkevprpiadi siforefficégnicye®f depl@iéngon aoPueRsBasi Slose he

't of t ual di ' t be . made. 25 | ft h
ermbodi mont Lo & (Pt P AdnBF B S Be frk AU PG, Prsalialar b the SRS of

t he pushin rid O of Nl o] i . t he

pushi ng po?‘{aﬁgnﬁﬁaﬁg at'hesﬁ;oa\i\ue;{p“glfglg,hqlbgérﬁns‘g?ét h\gs)lqutféé;]&né %g%g die 3 and
0.38 mm of dipekimeatafliyhe di sk 30 menber 17 of the nolded product 15 of
the final shape , was - 35 matched with the height of the restricting

pl ate. Fhen, coAazardingototthe mifeséntnkayenitdornddlfeoprgss diedorn of

the disk with the shaft shaped %orlii on obtai ned from the foregoi n%arml di ng
condi ti on. BFe$2 BBLEing Qff skhei ghasiFe sURstrangped fdit i dhshaefbeded

embodi ment AR, SPRo Rk FRABR Bhd L10R%aE Tl Tofenk Bhatthh. o

residual aijmcPh88s avemggest @idi, sk pIuwdPOgiéheadenn tbmné@ibes dua air
did to not appear. Then, the disk with the shaft shaped portion having
target di ndvasvimg afshaftrfarmdingnbiodre glorsidn nivantiothiokntbe shaft 38 mm
in the disk portion and of diameter of 4.0 mmand length 1.5 mm of the

shaft 3Rapdi3RediRATEARTHe 2k 8i RedIhis Tes tIC bingr PhAKE SERY NG Pote

roughness r {,ac Le.d s it sf.e d isely so
hat the st nedgHYFaRrHde Rhifa el WP keBrt s iR AREIET BATES )
di sk porti GuoRsal- aikN el€lcs6QULAM the Vs £P E%ﬁ@d%%%tbb&t&%
targeted 30 pm On the other 20 hand, the flatness of the disk portion was
1 pmfalliny wlass matdmigbt pda2egmorrutheetimroaigh hrotenodntthei ty

bet ween the disk portion and the shaft portion was 1.5 um smal|er than the
target ed 2 igikenmadiatiee Gt May e tdiarhargead tthrpegh 259anr Betweierensi on

could oht.ai ned &Fo .thLE(Euﬁodims ).sln the fouth enbodiment of the
nol di nggpr o slﬁfe RE e with £k s%?tigﬁgﬁe _lp%r??ﬁﬂrg&&?r di%g to the
30 present dyePFaRRont BE S8R 'gﬂh%didﬂtﬁefﬁé 8+t fsrmi'n%3ﬁol@ €ss
die is sim’lar to the foregoing third enbodi nent. The nmass wel ght of the
spherical gastsiont erTherdfdre pngponmineldiynggdhosyad walllereguales dr he
mass wei ght (528.25 ng) of the final shape of the disk nenber 17 of
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 £illing 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 desirably lower than

or equal to 100 kgf/cm?.

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



5 the nol ded product 15. On the other hand, as shown in Fig. 27 , CO. 2 of
chanfer treatnent is provided on the side of the glass material of shaft
shaped portion 16 of the internediate die 3. By chanfer treatnent, contact
‘between the shaft io formng hole portion of the internediate die and the
glass material is stable and it facilLts§es achieving of high precision in
concentricity between the shaft shaped portion and the di sk nenber of the
mol ted product stably. The obtained disk with the shaft shaped portion was
nol ded i nt @ nAdddmghprocass afy ther ddéshoviithgthe shheffishapadReFr{io8 t he

third enbodi ma_]%t agg did not have the de(?t in ,]Eléle shaf t por%i on_due to
resi dual afMPLQYS thEeFOnPIPLRGi PESSS dHh: (HReqghesfdabeFédiqual air
did not ap . : S g-th th h L.0R i

Carger di nons g BPISAElrealtin 16 831k sERARAE PP RaIER IR s
mmin the @ slent@t iznth &nch @thak 2ngt &' rétodvA ngrbody Istngpd indladial t he
shaft shaped portion can be obtained. On the other hand, the surface
roughness of dimcylarsseeitsion agreatearhchanethei shaft rfasminged@ieci sel y

so that the surface roughness_Ra of_ the information recordin urface of
the di sk pBOTIHORad OF SHAMDIRe SPRETLSAY JLARS B3 teh 12t Mty B PARA  he

t ar get ed 3(%00@6‘&?_%@?1;%'[ {}g;%lgfégegﬁl%%&izﬁéﬁﬁéan%&fﬁ | 5K ¢ Rl %%M;S 1_

pmfalling Sow he ernor e, concentri Ci

37 betweeyHdver déﬁ%ear Yot 2o bAA e tapskt nempads inS5tB@ witllded than
the targeted 2 pm us, the notor shaft falling within the target

di rensi on pmddlde bt fiawedl i Fhtinhgatiaoundtedycoathclving bhewsantdére
nol ded s product was inproved in the extent of 20~ in conparison with the
third &odiehef the shafihdarring heleRrtirnrpyd bhe ¢aptereaxid e

used in the fifth | nbodi.ment _of t ese L v ion | u tially
t he sane aé’é h@%i%gaggd?’f‘#?ﬂ%a?meggi %2)‘%i%?é‘gng’g&doﬁenléﬁoﬁhg%%%e%ss die
is construgtadiihgh bhe wPPEsriig &ikav fsut DRgPYIY gL #85! Mgt ehPi#1d the
flange portion 1b, thée cylindrical height restricting plate 2 serving as

t he 15 restradiahyynfEndrertHe cardsr iactisg theembdidgd prolducinwdrtledighe di e
3 having the shaft form ng hole portion 3a for form ng the shaft shaped

portion 16cdrewbarbtie#an decebtainefthe | ower die 4 having the pushing

portion_4a and e flange portion 4b. .Press | ding.is perforned 20

Dl aci ngt e ol aESnRETRErBT) B RAGY LHARY [TEE bR BT OR - o5  ne
t hr ough hol r i kN i aheadi S k AaH ;

di fference %ezf%el?ﬁéi'% H‘Sek%?smseﬁségﬁn?(g g ?ﬁef?ﬁ?gféngd?gygsgpg !évﬁieﬁﬁél%

t hi ckness @jlressd imatésiald idemdumersi onix3the ishafitoweorniagl Holé he

t hi ckness direction, is matched with the dinension of the shaft shaped
portion 16 psirtienfofisthenbpbesmediate|diel @f dhetpnassrdieneeaptacta

st o0 B dpdeh, el S kKBTI L SR R ST ntl e

- 38 39 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



direction and a di nension of the disk nenber 17 of the nolded product 11 of
the final shape in the thickness direction, is set equal to a height X4 of
the restricting plate. 5 In the shown enbodi nment, since it is only required
to match the difference between the dinension X2 of the internediate die 3
in the thickness direction and the dinepgion X3 of the lower die 4 in the

t hi ckness direction, with the dinension of the shaft shaped portion 16 of
the io final shape of the nolded product 11, greater thickness can be

provi ded f@pPe¥etinnernediate die to inprove precision in machining the

die. Since the internedj ate die contacts with the heater directl .ther mal
Stabi 111y can bOWIED PhipEsS: B tRALUEE @F it ey BaeSant (HRRCE I 11 on
can be i nproved. i NS, | d ; scandi-tiion as
the fourt h@n%gd?%"sﬁrtﬁé %ﬁéggjbé?lal nedbrgré's%g%g%a F@%ilaé%ﬁgﬁgggagg’o%ﬁl&n was
nol ded i nt @d kxEhapPeedwLtRet¥fegenRe dedithe hedoipdhEing Grawhiagsy, t o

the fourth enbodinent , 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 di mddstbmt Bmbodiment) di aneter of 25 25.4 nm and thi ckness of 0. 38

in the disk ti d ' t f.4.0 . foth
?ma:‘? shgpehspor%t%ir%‘lnoi(:ajggb%o%%ggﬁﬁgldg}&ow%%g Bﬁ?e%q%adntg?%ﬁ%&%ﬁ?@c%f ©
roughness ¢f gres9rese £8if 2D 1UMdNELIHBPE! MBIy IpPHEEBE! 8¢ A a%igs‘wl y so

that 30 the surface roughness Ra of the”information recording -
surface of wineh @& shafidr shapedpo@tiom( ol dianarext ofivdd skOppmtitorch i s

i mproved fromthe fourth enbodinent and falling within the targeted 30 pm

On t helBt hérS Handt Mhe & FRAGERLF 45 - A& MMpoe: ddAaMRden Afmtba R twi t hin
the s targeted 2 um. Fuyrthernore, ;th oncentLi Ci et ween. t he.di sk
portion ang’cf]ﬁ%lgﬁaf"ﬁ g"dr |"3“ \Agsl%.n%t&'fnosﬁaﬂt‘érst‘%ﬁ p%%refﬁéaef'gd 5~zm
Thus, the maipr shghl Dakld ng ¥¢&hefpllhedt8 89! 1 41 BTN 624! §nBRing
obtained. to Flucttation of concenfricity between the nolded product Wwas
equi val ent #he thalddahd lprdeessh enbodi ment . (Sixth Enbodi nent) Figs. 29

and 30 show constructi on Qf th_e die of the s5 si x'gh enbodi ment of the
present inventi @& SkOWR g8 Fg¢ ol 33thee ngsandier ps Ithet£arséns. In the

Shoun SHDOG e P ST dnd B PARRE RPHTREY of SREHEE U1,
surface iSyjith 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 pm.
On the other hand, the intermediate die is provided
with the shaft forming hole portion having a diameter of

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



20 flat. The reference nuneral 3 denotes the internediate die for press

nol ding the | ower surface of the disk portion and the shape of the shaft
portion. The internediate die 3 is provided the recess treatnent equal to
the | ower surface of the disk portion at the center thereof. The 25 surface
of the recess portionis flat . On the pgher hand, at the center of the
internmedi ate die 3, the shaft formng hole portion is processed for formng

the shaft portion of the _disk coaxially with the recess. The reference
nuneral 4 dSREeStine Fdvd famned of Rabhg Medtaloirlap L8 rPEE¥1gLG he

shaft shaped portion. .The nmol din rface - A of . t ower, di S
flat . O the oHRAS hatamebaf At ki Bens of theisnate R gUr ARt tber
for restri ?df‘@iéﬁea%' qmt@fofniﬁedd!ﬁ#-cJHﬁiag;c%ecirm{rbSE_ £hk$nfa ol | ow ring
shape and cl anps the internediate die 3. The ange portions 5 of the upper
die 1 and tdrerinmkegedo thalylass dleigyideladmeand thus hakr gebater
dinmension in the height direction. At this tinme, a height h2 of the guide
menber 2 i§ﬁ§¢ﬂ@§%égu§§:th@ﬂﬂtherﬂﬂngﬁhed plasrisyphstBate wagh the
internediaEﬁPd'e 3,.1s %fpreséed by: 15 h3 < H H- h3 >1t/2 It should be
noted that SB35t aShaP&d MRTKR@Rs of the disk with the shaft shaped portion

and t is a thic%ﬂﬁﬁ? s Lhe @i %SQQ{ ' _SK W S t aped
20 portion. As set %ﬁ%ﬁnggge?' y r%%§$i§¥iﬁggfﬂt é*%%%n%?SFhE%%UF%Q
menber 2 amerivedntesmadickmalliexPankhionndbeed iRyiashie o flthehawberi afi g. 30
I's nmol ded by surface tension of the glass material. 25 Press nolding is
i npl enent e®meitherhpagianetersondfined moxhectdont icagnieeli nent. The press

| di i1l b | gi ned with to Fig, 31. At first, th
imr)It elr ggaf);t%gcegs]ézéy.m@ep;aﬁ&%ggglu%%q @daggte:ifr?gr; ?:noc1e:heomoillging conditlirosn . ©

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
surface) of the disk member 13 of the molded product 11

15 and a lower surface (thrust surface) of the shaft shaped
portion 12, and are of convex shape with pushing portions
la and 4a and flange portions 1b and 4b having slightly
greater diameters than those of the pushing portions la
and 4a. The pushing portions la and 4a are adapted to

20 engage with a hollow portion defined by the height
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



30 lower die 4 , and the guide nenber 2 is nounted on the | ower - 41 die
4 surrounding the internediate die 3. The spherical glass material 10 of
mass wei ght (528.25 ng) equal to the nass wei ght of the nolded product is
placed on the shaft form ng hole portion of the internmediate die 3. Then,
the 5 upper die 1 is placed on the glassomaterial 10. At this tinme, the
gui de nenber 2 al so serves as guide of the upper die 1. Thus the press die
is placed on the stage 6. Thereafter, the stage 5 is |lowered until it abuts
agai nst t h&affgelchiBgimegbeis 2y &W%&&l&kfﬁgﬁgﬁf tihe mepdedePFPeest o die
with the s ﬁ?%f 5 %Eg %. Thereafter, the tenperature of the stages are

el evat ed uE‘ o) %06 9 the heaters 7 and 8 for heating respective dies and
glass material ¥ yhd rRBE £18S6f 1en8 ppaseait! Invich PPHAL foff peeshkol ding
the stages 5 and 6 for ™5 mnutes after reaching 600C, the 15 load is

i ncreased wpldingObhlkgidisk ; hespshewid aveFid.m2nutats £brappl ywhe essure to
the press die for press nolding. By the die construction_of the sixth
enbodi nént intgrnedhatg sde chrtdieunied ORe tdiejdaWe¥ adéei 4 -t hEhedoess

portion of .the.inierpediate.die 3 reactiye force E1' 20 ts. . Further
spr eadi ng %tﬂ?iﬁg.srﬁﬁ%§H9£lq$l5%@E8i#e¥9roﬁ <§¥FE&%§2ﬁ869P§cE§\Mtr1
the side sydac€edf PPREI BlsH N ®! 96589 on! BN o f | g reads
in the di rg{:d;l oneﬁhgﬁlg%ﬁle gla seg%egﬁnsgitéle 1g‘zs)ntga((:)tn vtﬁhotﬂghlgnne?e?de
surface poidieond odndhehentiait@tinatdd atiec Biezd.Fi Neklty,, shiglgtags spreads
over the entire recess portion of the internediate die 3 as shown in Fig.

33 to det ecanprefsedhgphenricad sblapel ragacmaterimb o6t alvdin® sk with
t he shaft shaped portion was nolded into the shape precisely correspaondi ng

to thelli e PRF2tei $2IEGALE HPY ANIRS hBOATABING tRIBPRFELHGE PR Ghe -
42 dent i t ' t j lal - j di sk
portion, RS donicane o TS, SHAF . FIERYNChold pot CRen SEIAC £HF Lo

the shaft JerpedaPopodrenbayofdthey gelt aini@dsaeasdot 8%t eARathdsatgines, of 5

25.4 mm and thickness of 0.38 M in the disk portion and of dianeter of 4.0
mm and | endthe height ofeshtaisiaing sphpte Boisi desdgned botalsedsedve he

ot her hand, the surface roughness_qf the press surface of the upper die is

jtr?nsfer_re&sprae(ﬂuﬁ_eq? ori ke PBSPIjrélgs_tPrq ?pﬁ@h‘ﬁ%sghﬁauBPet‘hgle 1.
) g (LR 5 el AR 8 Bl

circularity was ich Ts Iproved 17T om

falling w tiHdrdaetbar 0l st 8§e Py iGN 1w édetohabdit tdietd | ehaeappefr t he

di sk portion was 1 umfalling within the t5 targeted 2 pm Furthernore, the
concent ri cidie bettweapphy di dlogibrafi 0 akdft fierskdfampbngi bthewddes [y

smal ler than the targeted 2_pm Thus, the notor shaft falling within the
target di ndi® oRt@8688d oMbt @rned. 20 Wien the recess portion

correspondi ng t g,the di i i f i in i i e of
the shown enbodi L, JTMREFBEHERL i nen 8t aESs i 6 hRE BTt o ¢
die 3 3d the HONRIing GitH haleesrayedadde st.0 aphaneage i Appegagaent,

bet ween the "upper die 1 and the 25 guide nenber 2, fluctuation of
paral | el i srhhd i1htesmaghsate adile63amdttttes lewerndis réubfirthe piredse

nol ded product 11 is degraded during press nolding operation as shown in
Fig. 32 andiechsi edevated vpréadiendemperatyye L6008 ¢onepf tthe

it ng S\J?gfntﬁeé)‘%‘bﬁéiﬁldgfb% q;o tpheerf%%ﬁ 885}1'1%% 03f) ﬂlpetélfaggoPQQt%m%qi. ment,
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



- 43 nolded product 11 is restricted by the recess portion of the
internmediate die to permt further inprovenent of circularity. On the other
hand, because of restriction by the shaft portion and the shaft shaped
‘portion of the s internediate die, concentricity between the di sk portion
and the shaft portion is also inproved.3q Seventh Enbodi nent) Figs. 34 and
35 show the seventh enbodi nent of the to present invention. As shown in
Figs . 34 and 35 , the construction of the press die for perform ng press
mol di ng i s thienigkass omakersiad hl @ndsai FeRLedrdrvhetRoldistFrdpincreints al so
simlar to the sixth enbodi ment Di nensi ons of _the_heights of the 15 guide

menber 2 at@MRRFIRUEPNRHI44Q Gi e TheRr EhR oA gk LPMeTRA GiRt S2kEE ¢ he
Phe i nt or mefCar e, MELERE B tycPp BHe SEnoYPIAt ¥ onth e tiE e EaReE
is a total thicksesseqgahit ke digg°ev th the shaft shaped portion and t is a
t hi ckness of the disk portion of the disk with the shaft shaped portion. By
this, a% shown PreRigymgslingesgti feritbnbbove is peripmednvithdindang of
the upper Cciaineclldségectilan:;[lgé]r:msdtin@xt‘gunded by a casing 18 or the 1like under
inert atmosphere filled with nitrogen. Nitrogen to be
filled in the molding chamber is filtered for dust control
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 pm which falls within the target
flatness of 2.0 pm. Furthermore, the concentricity
25 between the disk portion and the shaft portion was 2 pm
as targeted. Thus, the motor shaft falling within the
target range can be obtained.
As a result of the foregoing process, the press die

for implementing the press molding process of the disk with

30 the shaft shaped portion, according to the present



- 44 die 3 and the |ower die 4 upon press nolding and does not contact
with the flange portion of the upper die 1. Then, the upper die 1 abuts
with the internediate die 3 to determ ne the dinmension of the nolding
‘product 11 in height 5 direction. Press nolding operation wad perforned
under simlar condition as the sixth enppdinent. In the shown enbodi nent,
the outer periphery of the nolding product 11 is restricted by the recess
portion of io the internmediate die 3, and the shaft portion is also

restrict ed ipyveaneienafis gepetrpstedwidh the nppemedicale the hahghdfore,
circularity of the disk portign d concentrici etween the di sk portion
Shd the ShEEB TS ORS.ERaLe: du By B8 Lametatiils S the FewBE

di mensi on qfs i nt i i hn | ght ~di a0, +di neasion of

t he nol ded(aﬁr%g‘ﬁcﬁgiﬁfgﬁ%hﬁ;e%%f%ﬁ?gcf;{a%ﬁ' (I}g% eaget%g?mdrgdtﬂérgggggt'ai ned
di sk with tike tshaftiphangdpeettiion R TH® siedf tnEp riniaid NavEe Pheet I8Ny
corresponding to the die zo simlarly to the fourth enbodi nent, and did not

have the déat ds & hthsdagh hode of die tintesngddlate rdie\ 3otoegkhaim t he
di sk portion, the dent due to residual_air did not appear. Then,  the disk

with the sidfe RpRgepddedopradust thl Jravingetsicofiiane &8 L9321 98R8et er
f 25 25.4 ks | .Sk ti d of di t
of 4.0 mn SAE BPEbHLEEIE e R TAd hAg aleS POt o can be. obt ai ned.

On the other hange thiee S8htaGRVERENORSRa® Udth PiesastHAtas® Qhdt he upper
die is transferred precisely so that so the surface roughness Ra of the
i nformati odirssssledgin -telfns saff dbe chaowme dmblodimenbnhasding 3hen The

circularity was 10 umwhich is inproved fromthe fifth enbodi nent and
fallingOwi wftheretsér@e%anscpbggec%lpm%%ﬂéru%ﬂdr,nemb@n4 atHRRVRT + t he
di sk portiaq s l.pmfalling within the 5 targ 2._u Fur rmre, the
concentri cﬁ%%‘f% nnf)%elbcﬁ %%%#FSQ %r?d ttl'h% %\ggﬁ 5’8;& i%ﬁré\ﬁ.geﬁg

smal | er thapy 1{ike LRHIGORA =i Y shBPSd MR Oseth&FdriR! hbBgel t gt t he
target dinension could be obtained.: io (E ghth Enbodi nent) Figs. 36 and 37
show t he eiigidtarcéodi teig pasditel erias erramgentheme iAsh s hoeeit rhcEigg 36,
construction of the press die 15 for performng press nolding is

subst ant i ablate n? | betweerhedhevpushiaganhehonadd Ofe the dAPBepr 8d&ss i s

| iml t t h enbqdi . L ith t i nt diate d
12 the. deabik hOE,BOSAHAR Daicl o ks fibes 1queh a8 I obd FREBOGE outer
f d . e it : & out
to be oqualt 5 nTREAEdLAEE afe S BACEE 10yod AP ATIAE r> HELEHT N°

construct edadthitbengoplatd RatBekRdinyicy ten@iin tliteasimre taédiateed t o
be equal to the height of the shaft shaped portion of the nolded product
and the outddre Branetl2g Lowensite |4) andt borprovigdenan RpphePiatesgydde be

| to the height of t | di ] t.. T | dj i .
ol enent edad s B Gupeb e HRRFAdIRd Shi ThE LRuERuTe 4 RO REouidm
enbodi ggnt ,oxgﬁsgggc%g%ﬂg EARYM M WP e REuBOrbRE AU €1 A Ak Ak endl §n tTBIY ni ng

of the reces
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 other hand, even in various embodiment, construction
and arrangement of the height restricting plate can be

25 similarly modified.

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

30 the shaft shaped portion according to the present invention.



- 46 unnecessary to require only machining for snoothing of plane,
formati on hol e and processing of the outer periphery. Therefore, process
beconmes easy and required precision can be achieved. 5 The obtai ned di sk
W th the shaft shaped portion was nolded into the shape precisely
corresponding to the die simlarly to-the fourth enbodi nent , and did not
have the dent in the shaft portion due to residual air. Al so, even in the
di sk portion, the dent due to residual air did not io appear. Then, the

di sk with tAfe seWR i$RaBag .pért ioHasgnabegidaldilfedss drebimiprasida
di anet er off 25. 4 gr’frﬂ angd thi cknes§l of, O.Jg8 ﬁm in the disk portion and of
di anet er of inighgd, ARFq HyensphexigahishAReshaft shaped portion can be
obtalned. 5 On 'rfifs PLELIANG (dEasihl R5f 'AUIBRAS Brffoaddiener 825 iy face
of the upper die 1s transferred precisely so that the surface roughness Ra

of the infygre¢ént igvendinh tad ate ehnideodistr ot ibanandsd fmengdonlhe
circularity was 10 pmwhich is inproved fromthe fifth enbodi nent and 2o

falling5w ta# nthaedigr graed B0 pime Goxegodngelfiratl, embedfiimemntess of the
di sk portiaon was_1 umfﬁllin within the targeted 2 ~.m Furthernore, the

conﬂant ri ﬁi?tye’é%f%én the Brepspdiei 4f GrRStRacHRd idd t‘?%‘-\h?&e’i )
T . _utH
Carget di nendioh cEnp abREhInG, iR 101 e AR A £t e SO I AR " 11

expl oded gedtes %yigﬁuﬂrcéromemghtth@cé@wi@%&ndj $idtéhg aisntdhenbodi nent
of the present invention, - 4 and Figs. 11 to 15 are explanatory

il lustrati aressbfichdngimémigepr foesssessrihtimg rtle ggeigbtt,o tie t he press
die for inplenmenting the ninth enbodi nent of the nolding process 5

accor ditfig it eENEAdadR A4k chihdfing EBRsEPg&tef ARIndapgepPOFtd O
having a pughig pgé&hgﬂ\%z{%ea%qhé‘f{l $ﬂg§eﬁo. Eo{:@‘igr}b%%aofykhgdﬁbﬁﬂe$e' ght

restricting plate serving as nergh StrFCting nenber forrestricting
hei ght of tdwodhet 88,1 Y Wl akewdiea?d Ar Qvitdednd tﬂhél@iﬁ?pbaﬁlildzv of
shaft formng hole portions 23a for form ng shaft shaped porfions 32 of a
nol ded pr odiectar8d ,theencE bahgeepoditd o2y 4ior nPtres s mal ¢pingi hg perfioamela and
a flange portion 24b. In the ninth _enbodi nent of the aress di e according 15
to the predBhtPlantngibhe speerpral glass materhal| f @ 3% amtde
protective film consi st of-nohle netal .alloy on the surface of hard metal
havi ng 4 pridboniBiiofecie B thdmieter? 4i¢ Laddtedtbe G ahpsite o 21
and the lo die Nave sHbEaes = S§3 fertboa Peard flatness 20 of
0.5 pm Th u(?)perm ?'g 2\1@a§d {: e lower die %A%fggeengés?gneg for form ng an
upper surface ofIrattieskshosmbembddiansns, | thersphietacaloglabes mhakiridiaped

portion 32 of the nolded product 31. Upper die 21 and | ower die 24 are
convex shapebs ptageé: iorel the nshadithFarmipgshiods Re¥tadns 38a afhdthe 24a

with flat rgplllgiegﬂe%ligtaec%siear}id ofg qln.q;of%itﬂlasmé%graggn be placed the
20 center axis thereof matching with the center axis of the
shaft forming hole portion 3a.

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

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

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



24b having slightly greater dinension than the pushing portions 2la and
24a. On the other hand, the height restricting plate 22 (dinension: 26.880
nmm is a cylindrical menber for restricting height, nanely the 3o thickness
‘of the disk nenber 33 of the nolded product 31. - 48 The hei ght
restricting plate 22 is a hollow ring-simpe and clanps the internediate die
23. By abutting the upper and | ower end of the height restricting plate 22
on the flange portions 21b and 24b of the upper die 21 and the lower die 5
24 |, novend@medky ¢ hasppbeyri iy Fidshe heigh? - dBpddisTaCcE@rYestri ct ed

Therefore, by the heigh icting pl 2, the 1 hick f di sk
ronber 33 GOAGRN T HLE Yok Sa: e’ alidn foanodid MOnTHR fenp¥ dhe”

i nternedi a i kS t e 1 o] i I h a
plurality gﬁﬂ%%f%r %h%g%e&%§¥t ﬁgwg%af?dggema?eﬁﬁﬁégéﬁjﬁ oér med as

through holesrtanmlyaaediavaddi nterfering with each other. In the shown
enbodi nent , at the center of the internediate die 23, one shaft formng
hol e po%ti on 23%hies qhtaided. dissk\wibld the shHftfshaped moetpontien 23a

at the center,_six shaft formng hole portigns 23a .are arranged iin reqgul ar
hexagonal TRASEd e EREaFNERE 45 RFT & LRSS, SHIHOGT LG CLEPaARSE of
Lhe shaft fe@{dB gﬂk? p@é@‘to%earteo febgée%éﬂbéeﬂft %Hé”%esfqéggf L1 Eo5H ng
ol e 20 portions a’in total arrang at regul ar hexagonal Shape.

Therefore, thehiapt PHRAAGHTEANG Odehlte esfea! tih OEAENA RN SPOEibANGUERY be
selected arbitrary. In the press die of the present invention, for press

nmol di ng t h&eadpzleseatcd iofsthet hesidivalmadirawd 1di pe@r appeambpt edtednt he
| ower die 24 and the height restricting_plate 22 for restricting height

sur ¢ ouhi ngnTéiﬁm#—tai gzsla@nﬁttsrreapﬂflé?%*aiilapewate ?%ghmglgﬁﬁ@f-ib cal
e ; _ gerary :
Gaval 1o+ RE i B TS ERRS P e PhS Rl o CEhE R AR ok

member 17 @hyrdfiecdbLach®nosyst, adeeil ee8flsferr®a C#Jgeé‘iﬁla!’yabbt ¥haf shaft

form ng hole portions arranged in the internediate 23. Furthernore, the
upper di e 2hd sulrfaoceeddughiress Racarfili tiye yindiorind tsidn meecole drey ght
restricting plate 22 also serves as guide for the 5 upper die 21. Thus the
set of preSinfiace oHtheedisk posttdpn y@s And amstand the Girenbared tint | |

it abuts to th pper._ di.e. 2 Then, .a,l.0ad ,of 150 kaf is applied.to_clanp

t he pri%s fae %#t'ﬁ'@s@ﬂy&géfsalzgsaﬂﬁ%g n ?cheSu ?ﬁaﬁ nﬁ%ﬂgé)e?r%eggt s of
the stagesogp il 3Phake naliy At e DY 10%s oF 8Rd &8 10 1At i bhewaaper
die 21, thég?nternedPate 3€e 23, ?he | ower die 24 of the pressldie up to
600C near gofnenvihgchoifeil forwibhinndHdetarget Maleinass30E Af.terumeachi ng

600C, the press die is s5 maintained in thus cl anged condition for 8
m nutes . Then, Furthewmore . the teces tzdgt kghetveem theudéskby t he

press 9 to _pressurize.th ress.die to.performng_press i ng, . At is
i e, gas ERETTLR AROr SBARTEE SRFE IR M8 SoShire PRLASEEER & & he
| nt er mggll b, dker 223704 e 9l arerBRLE AL Mltby SRAPLOPARYiRY pERALALI on
of the glass nmaterial 30 into respective shatft formng hole pdrtions 23a
and is di sddmas geargbtowgliee geanbbewedstd iwwednt ernedi ate die 23 and the

| ower die 24. Thus, the glass
(Third Embodiment)

In the third embodiment of the molding process of the

25 disk with the shaft shaped portion according to the present

invention, the construction and dimension of the press die

is similar to the foregoing first embodiment. The mass

weight of the spherical glass material 14 is preliminarily

adjusted to be equal to the mass weight (528.25 mg) of the

30 final shape of the disk member 17 of the molded product



z5 material 30 can be distributed into respective shaft form ng hole
portions 23a. The glass material 30 has high viscosity and thus does not
penetrate into the gap between the internediate die 23 and the |lower die 24
‘and is uniformy conpressed by the press 29 through the upper die 30 21.

Thus, a plurality of nolded products 3134are produced - 50 by one cycle
of nol di ng process. Subsequently, the heaters 27 and 28 are turned OFF, and
the load is | owered down to 7000 kgf . In this condition, the stages 25 and
26, the uppgér- die 21, the internediate 5 die 23, the | ower die 24 and the
gl ass materi al e co own, After.coolin glass 30 down
to 440C of stralﬁ ggFﬁt Eé e oF FH é\égg %ﬁ%erlal g&OP%
further |oyepgd tﬁwﬁﬁbﬁé&dkaie dI@e3”?ihd€ﬁepi:ﬁ‘i'é@ér?e§é edifaef%natlsa
tenperature | ower than or equal to 100C . to By the foregoing nol ding

process, thdlgpted tot ¢hiealdidensdoheofoltdrd sinadtsbhppesd metthont 1€ press
die as the nolding product 31 shown in Figs. 15 and 16 and did not have the
dent ins5thefshdie :ﬁénﬂlorslméetgfrébledmslm mempedo, 1eveh thet melded

portion, the dent to residual 15 air did nof appear. On the other hand,
t he surfaCQQQéEﬁFei -of FUFENGIQT e o Ao S MG HRN e@wﬁ%@iggtﬁansferred

preci sely %@#é}%ﬁ ﬁge X3V GEh & Oﬂﬂgﬂﬁﬁﬁ ?ﬁ)ﬁl&ﬂeﬂ.hnfog "Bid ggopqﬁnl ng

surface of t pOI’tIOI’] was e Clrcu arlty vvas

wi thin the120 4 agetrdess8 N2 o2 tHHe miskingapdrtiken f4@t<51£$§héf 1bkerdi sk
portion was 1.5 umfalling within the targeted 2 pm Furthernore, the

concent ri cidiye 4ot addnickresdissk q:ﬁ)ttheonnanarmehbl%hafdl@@nd gntlwagkmepm

smal l er than the targeted_ 2 pm_ Thus, the t.or ft falli wi thin_the
Carget 105 GESRG O Sk IRMESE gt Ainthe MOLAaY BEOMRGE At RD& A0 ng,

tSIhgcgh;P'? ﬁhﬁ%d:&gﬁ tFﬂlg(rg:n co?gp%?lt%fq}ﬁégélrgge glrr%\?/e@}:?neél{s]f%glﬁsﬁﬁct ed
with the upgpeitdlie 21 , the internediate die 30 23 and the |ower die 24,
residing of gas, such as air, in
As shown in Figs. 8 and 9, by performing press molding
with the combination set forth above, the diameter A of

15 the shaft shaped portion 16 and the diameter B of the disk
member 17 and respective heights hl and h2 of the press
molded product 15 can be make equal to the dimension of
the final shape of the disk member 17 of the molded product
15. However, when high dimensional precision is

20 required, correction has to be made in consideration of
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



= 51 the tip end portion of the shaft form ng hole portions 23 of the
internmedi ate die 23 can be prevented. Also, a plurality of nolded products
31 can be formed through one nol ding process with shaping the gl ass
material 30 into s the shaft precisely corresponding to the press die.
Also, the tip end portion of the shaft shaped portion 32 of the nol ded
product 31 can be fornmed satisfactorily to product a | arge anmount of disks.
10 (Tenth Enbodinent) Figs . 16 to 21 show the tenth enbodi ment of the
press di e M@&tgheA WEhhi gBet heigh®iol Precesstsiatingirlateth Thenshaft

h d ' di h at i ion. h in Fig. 20,
Spher i cal FeRGreerab Tar idhoriel FRAIAIFYS Reckege hod B thendiep
heri cal i i tderar ey
The proas Srenie o bROHLERP S CRETE, sPRl HOLr1BR, SR E o o

i s substantihdd |§otdgosane nsldbrgbasndictonshuction as the die to be used
in the former ninth 20 epbodingnt. hbmever, in the shown enbod[nent, t he
i nt er medli at e di &hies ghiabaedi disk pithnithe shafidehiaped rPetHPRt waso t hat

I lit f | ded d | ded_ind dently.b iy
"t er medi i IASK LREAOFH SRBER BESGH e 1Y COREASRAR D hOahRELAEe di e
35 havi d hi td 5 ; I '
Cyl i nar | Gal® e ERE Y7 OB Y 14 P € amBpRLin ¢ TAHR, B Y Ry ene

restricti ngeiat gt tharshat eshagied poditd ol dud 8oet&esidd810ai®). hAvseg shaft
formng hole portion 37a (dianeter: 4.0 mm at the center, a |lower die 38
on whi ch severmplinr dhe disk ipartihend; atkediest3qduertoareahduali aiax dddner

- 52 not interfering with each other., Respective _glass naterials 40 is

pl acedl®n YL @RR]AY or nf REmolBepELEKol it the sbafel iFRAP A RPFEMCR e

di es. Acco g;q e d e e dj i | at e di 7

formed w t%‘ g{%lEérg?%?yd%&%%h@?ybfﬁ%;éggﬁgrﬁ ﬁ&%ﬂ% %?ggf E§é% Hl:nF .
plates of iRl ALK SIgF 0i.883MmA £ tIRP A€ BoTH IS AT bRII 1 AmeeeRECt | Ve
nol ded products 41. This is the different point fromthe fornmer enbodi nent.

On t he ot hef e, mmnande lsngyh ebbbdmme it tthee gbaifit sheguedtpodidody/ is
formed wth four die plates. However, nunber of die plates for formng the
i nt er medi at@iRe | RbKAELNEG4 ted to any specific nunber but can be chosen as

G rihber 37, CRUEPRCPRRA: MhetEe BB Ade0 rWEPREER . Ene hFBSH ot o

of the int eyl eofji@hé7uﬁf>éra&ién9§dt£8n§ﬂ%i@e&&%écigeﬁg 8@t thatcause
interference with each other. Ml ding operation was perforned in the shown

enbodi ment theesusfackaraoyttnéssnRas dihether dgdioxmat hdh Zecexdihgent. I n
the press die having the internediate die 37 having aéPIurajity of die
pl ates, by swfiaeenafi ther glskhParchert vas §l-8sHmvat dheaicirgelarity

subst anti al | eri cal, .shape far.press | di ng,, Lespecti e ass terials
are 26 1o BAS R ET PRI fet Shif FB3 LREOREYS, 20 RRG, R, ThE BE BB on
37a at yhheyGaiH ereRé ERRUMRSPSCOHEVeneN IR B EHE18he wik aNduh OF §8 1 RIgIed
into a shaft shaped portion 42 and a di sk portion 43 of the nol ded product
41 by a nokdittlgisutheceanfgdétedplsipmmg portion 35a of the upper die 35, so
t he upper surfaces and the shaft formng hole portion 37a
Furthermore, the concentricity between the disk
portion and the shaft portion was 1.5 pm 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



= 53 of the internediate die 37 . Thus , the a plurality of the disk
menbers 33 and the shaft nmenber 32 with high precision concentricity can be
nol ded as the nolded products 41 corresponding to the respective
intermediate die 37. 5 Nanely, as shown in Fig. 21, concentricity between
the shaft shaped portion 42 and the diskeéshaped portion 43 of the nol ded
product 41 can be certainly secured. Furthernore, a plurality of nol ded
products 41 can be, nol ded ,in one cgcle of  press, nol di ng operation 10

si mul t aneo®dI§SS \Wi6 iRe SAFHRF nbOnbhg F9T5HIRERY, tpﬁgfdgleo{%go%'ﬂ‘épftal 30

Is formed ifto S [ di t . dgd cts 31
shown in Fngltse rﬁ%?%nga%&rﬁ;n%degan%ﬁh%%é%%ebgg%% I'n ?%’gkgﬁafjtq glgérlt I on
due to resigiealimiharidyAEPjus¥en id e dqaklped ithe mAgsdgalighe to
residual air did not appear. On the other hand, the surface roughness of
the press dbZ&ce5 ohg)hefudiles flipails shrapesfet r tlepddaks elgmbert bhdt otfthe
surface roughness Ra_of the information recording surface of the disk

port i on3 wagbymeldieghprofuet ikt ar®r th@otheyhand | iaky shawn A fdg.
targeted 3 m_.On the of her. hand, the flatness of. the dis ortion s 1.0
b fal i ng 31 150 2 10F  SPOBEEY T xnthaptnirnbrovidet ShebnBr PLER) o ween
the disk p | éﬁ?ﬁ Ik U@ b8 16h t targeted
25 2 um Tﬁc{}l'gé 0?‘%%8%0&%% S a% ?gl F?‘#&fﬁtﬁ%ﬁg% tar gdélt? (]iikrrgrr%siﬂgﬁe coul d be
obt ai ned. Antcarmédiaper etiet®d fromthe above, by preliminarily formng

the glass material into substanti al lé spherical shape for nolding with
pl aci ng on the Bar sthpmiere treatynertehcomtagiedpatwegne theeshbpfitnal 30

concentri ci bet ween, t he shaft s ed portion 42 and .t he - .54 _disk
et EareEAddreLe WoRhibh, AEGRSS DoferRBaiAtH Gild Brd hbdaaRs®
descri bed | ' et fREC 0s preferss di t S+ @d -kt Wi no
be ap:oarent 1frj%[.m@%l e%o%&;m ng %%&t gsgas Jiﬁj%aﬁglg% Itahlaéﬁaers‘{l@gtﬂgt h\gﬂ zyngesw
and nodi f i gatd @DsioRY ibe dchtcet thedlt yapetweaa fham dhertnydaipead in its

broader aspect, and it is the intention, therefore, in the apparent clains
to cover alpoxiubén chndgbheafidiskorembeat iodh$hes modliediproduchestabd yspirit
of the inventio%he 6g¥zined disk with the shaft shaped portion was
15 molded into the shape precisely corresponding to the die
similarly to the third embodiment, and did not have the
dent in the shaft portion due to residual air. Also, even
in the disk portion, the dent due to residual air did not
appear. Then, the disk with the shaft shaped portion
20 having target dimensions of external diameter of 25.4 mm
and thickness of 0.38 mm in the disk portion and of diameter
of 4.0 mm and length 1.5 mm of the shaft shaped portion
can be obtained.
On the other hand, the surface roughness of the press
25 surface of the upper die is transferred precisely so that
the surface roughness Ra of the information recording
surface of the disk portion was 0.5 nm. The circularity
was 25 pym falling within the targeted 30 pm. On the other
hand, the flatness of the disk portion was 1 pym falling

30 within the targeted 2 ym. Furthermore, the concentricity



CLAIMS 1. A press die for press nolding of a glass substrate of a disk
menber with a shaft shaped 5 portion at a center thereof, characterized by
conprising: an upper die form ng an upper surface of said disk nenber; an
internedi ate die having a shaft formng hole 1o portion for form ng a shaft
shaped portion projecting froma di sk-pprtd on of said di sk nenber, and
formng at |east a | ower surface of said disk portion; a |lower die for

formng a | ower surface_of said 15 shaft shaped éortion; and a gui de menber
for guidi nfeddarghe ek Bargiom anfedhg shalt PREEAPE VaRel -&i BB 2. A

ol o por (1 S S ERRT SR A GSRPE 15 Wt nBhBh- nble, THLr PReEty o
d. | g . . ] , . . . : . j f .
25 dopr 09st on At L SP i R BRI S oo T S oo LA

press di e accor Bilogtuatiannof, coneenBrichiaadietweet ithd hedlgadd
internediate die has said 30 shaft form ng hole portion for formng a shaft
-56 shape@ssiu¢orwasoiapmawed rbm thei sktentiofh 80 3¥sdind airpaniabar and
a circul ar r_%(iﬁs fog f.o‘rgm n aéi_lea t a lower surface of said disk
portion. 5%& @sEhdT 56'?%9 tM§™0 claim4, characterized in that a
depth of said circular recess of said internediate die is greater than or
equal to a half of a height of said disk portion. 10 6. A press die

accordi ng Y@idtn "EMbedimershpracterized in that a depth of said recess of
said internediate die is equal to a height of said disk and an upper

surface of sai dAsns&owdiia & dye 218fi bbe prpsesddimn weadntinothe piétdh by
sai d upper 15 djie duri ng Eress nol di ng operation, 7. A press die according
a

to cla gempodiiment ot ;Eher Pregent ¢ eRbian ffeSHPA AR R &1V TRSY ned
Wi th an outar,d rﬁﬁtdﬁggg?gﬁﬁtée%“ {8 :ﬁﬁe %%%ﬁ%xﬁ&?fi?s%sfeq@aé%fﬂeg¥ said

outer franme and sai rane, sai rame o

i nternedi atrpdf prEs sledi 8essdepheTT it 8a0HIthOthe RipPer Ryisai dhaprag di e
during press nolding operation. 25 8. A nolding process of a disk with a
shaft shapé&iep@ushingopoprteissn nbadang &hg aftasgestpaateion abdi dherenber
havi ng said shaft shaped portion at a center thereof, using an upper die
per f or ni ngcﬁrlé'é’sd%bcﬁil Bedght oreafrdsidma plate, 2abemy thgedisattdi|li e

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 product
11. Furthermore, a dimension as a sum of the thickness
X1 of the pushing portion la of the upper die 1, the

30 dimension X2 of the intermediate die 3 in the thickness



=57 having a shaft formng hole portion for form ng a shaft shaped portion
and a lower die for formng a |l ower surface of said shaft shaped portion,
characterized by conprising the steps of: 5 placing a glass material of
Tevol ving body shape having a circular cross-section in a direction
perpendicular to its center axis and inggduding a circular section at |east
greater than said shaft form ng hole portion, on said shaft formng hole to
portion of said internediate_die; and subsequent | perforning press nol di ng

for said glddzegiien gnd @ qimengigg SoceRe 6isk membert k7aofhdihe shaped
15 ti f | i | bstr at f di sk havi id
shalt shapBE s | BroRcY ciohcef ERE Edmalickfighen Abrdre dBIbsASRH by

press nol digig-d&LBHAN ﬂgpgétséﬁﬁﬁqetoag h?{l%g{?;q{@tc&‘ diHe *l%’é%%éﬁh t

formng hole portion for formng a 20 sha ped portion an r die
for form ngpiamtdeowner surface of said shaft shaped portion, characterized by
conprising the steps of: placing a glass material on said shaft form ng
hol e po$ti on of Isaithe nshewadiemhodirentt hsdriggi by 25 @ndantreequiiredof

said glass material wth g center axjs.of said shaft for.m ng_ hol rtion;
ond s Ubecqtanmat e, Fhenal SEHiSic bt the! dieneiam it of 286 10" A

mol di ng prﬁ?ﬁ%rﬁé&%x@eﬂ%fé) 5! fhmtﬁeort&%]iuéc?éé ﬁ'l%@&iﬁéhz‘aﬂd 'Egké‘at sai d

shaft formng e portion of sald interne e die’is chanfered | east
on a side @imdnshoAx I o &he ML dlie & i atRdthi cineds i BéBHiphocess
according to claim8, 9, or 10 characterized in that a nass weight of a
spheri cal ®lidds the edimensdogetofedile shaftnabapesl glnroion #6l afdtueoduct,
a di nension of said lo shaft forningghole ortion of said internediate die

i s setl@qudiind! t$RaBRaPE P Harti BrosfuGhel br ogTEAHEF P HEKPEES and

a dinensio ' . Lesteict] qggg LS erqu S

cl earance Egﬁaggﬁh§£§§5f%§€ﬁﬁ%§iSﬁ% g?% aﬁgééég§%h6%%$eg?e?T@Q%éE%nes equal
to a di nengirdcPéibhcipr aHeninPngetieuldied, PindePthes iditeFREARBLEES

nol ding a gl ass substrate of a di sk nmenber having a shaft shaped portion at
a 20 cent edieltaorataetszwidl thy theneiasieny . demeappyr, dherdmal petdbiiiny press
nol ding from an upper surface; an internediate die having_a Bgﬁrality of

shaft for mcad RF e2 8Pt AGIF VR BRF I WhaPiToNAFe 6 96r thendishid
ohe RIS BIL S BERA0eR( Ted 1 8 mner not ntertert o e
portions; and pressmoldingwas implemented under the same condition
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



30 a height restricting nenber for determning -59 depression amount of
a press. 13. A nolding process of a disk with a shaft shaped portion for
press nolding a glass substrate of a 5 disk nmenber having said shaft shaped
portion at a center thereof, using an upper die perform ng press nolding
from an upper surface, an internediate g e having a shaft farm ng hole
portion for formng a shaft shaped portion and a |ower die for formng a 10
| oner surface of said shaft shaped portion, characterized by conprising the

steps of : FuESage 05| thel ik Pyl bken nwasr Pabs ngr. r &he diecwbayisNape
h havi i | . ti i di ti di cul to it
Conter 15 HA% 20hPELFRISRAAE FEPROVEhAROBAHS SR EROANRER ARG o
di es of Sa'f%l‘?l.r:‘.c??% vﬂ@hiﬁsﬁﬁét\lﬁé{?géte@"‘ OSFRS.quﬁn£h)é n@@ﬁEﬁﬁhﬂ%,pﬁzﬁﬁs
r t 20

nol di ng for sal l'ass materi a producl ng di sk nenbers wth sha

shaped por tfilatneé s hosutheciddnik guiceldni wakyl hh fA1IAsG wi€hiar theess
nol ding a gl ass substrate of a disk nenber having a shaft shaped portion at
a cented, dlergetedi Zetby conprising: 25 an upper die for performing press
nol di ng from an urface; .a plura i nterpedi ate die each
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to 33 are explanatory illustrations.

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

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

25 surface of the recess portion is flat. On the other hand,
at the center of the intermediate die 3, the shaft forming
hole portion is processed for forming the shaft portion
of the disk coaxially with the recess. The reference

numeral 4 denotes the lower die for forming the lower

30 surface of the shaft shaped portion. The molding surface
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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
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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 the side surface of
the recess portion, is blocked. Then, the glass spreads
in the direction where the glass does notyet contact with
the inner side surface portion of the intermediate die 3.
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 1ll.
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
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portion can be obtained.

On the other hand, the surface roughness of the press
surface of the upper die is transferred precisely so that

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 pym. On the other hand, the
flatness of the disk portion was 1 pm falling within the

15 targeted 2 pm.

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

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

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

30 In the shown embodiment, the outer periphery of the
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01rcularity. On the other hand, because of restriction
by the shaft portion and the shaft shaped portion of the
5 intermediate die, concentricity between the disk portion

and the shaft portion is also improved.

(Seventh Embodiment)
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 + hd + H

20
The height h3 of the intermediate die 12 is as follow:
h3 = H

25 It should be noted that H is a total thickness of the

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

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

30 performs only guiding of the upper die 1, the intermediate
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the upper die 1 abuts with the intermediate die 3 to
determine the dimension of the molding product 11 in height

5 direction.
Press molding operation wad performed under similar
condition as the sixth embodiment.
In the shown embodiment, the outer periphery of the
molding product 11 is restricted by the recess portion of
10 the intermediate die 3, and the shaft portion is also
restricted by the shaft shaped portion of the intermediate
die. Therefore, circularity of the disk portion and
concentricity between the disk portion and the shaft
portion can certainly be achieved. Also, with the
15 dimension of the intermediate die 3 in the height direction,
dimension of the molded product in the height direction
can be determined.
The obtained disk with the shaft shaped portion was
molded into the shape precisely corresponding to the die
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
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falling within the targeted 30 pm. On the other hand, the
flatness of the disk portion was 1 pm falling within the

5 targeted 2 pm.

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

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 outer frame and a bottom

20 frame. A diameter of the bottom frame is determined to
be equal to a diameter ga of the disk. The intermediate
die is constructed with the bottom frame 13 having height
dimension determined to be equal to the height of the shaft
shaped portion 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
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he obtained disk with the shaft shaped portion was
molded into the shape precisely corresponding to the die
similarly to the fourth embodiment, and did not have the
dent in the shaft portion due to residual air. Also, even
in the disk portion, the dent due to residual air did not
lo appear. Then, the disk with the shaft shaped
portionhaving target dimensions of external diameter of
25.4 mm and thickness of 0.38 mm in the disk portion and
of diameter of 4.0 mm and length 1.5 mm of the shaft shaped
portion can be obtained.

15 On the other hand, the surface roughness of the press
surface of the upper die is transferred precisely so that
the surface roughness Ra of the information recording
surface of the disk portion was 0.5 nm. The circularity
was 10 pm which is improved from the fifth embodiment and

20 falling within the targeted 30 pm. On the other hand, the
flatness of the disk portion was 1 pm falling within the
targeted 2 pm.

Furthermore, the concentricity between the disk
portion and the shaft portion was 1 pm smaller than the

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

target dimension could be obtained.

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

30 press die in the ninth embodiment of the present invention,
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implementing the ninth embodiment of the molding process
5 according to the present invention is constructed with an
upper die 21 having a pushing portion 2la and a flange
portion 21b, a cylindrical height restricting plate 22
serving as height restricting member for restricting
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 press portion of 110
mm diameter. The surfaces of the upper die 21 and the lower
die 24 have surface roughness Ra of 0.5 nm and flatness
20 of 0.5 pm. The upper die 21 and the lower die 24 are
designed 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 21a 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.
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clamps the intermediate die 23. By abutting the upper and
lower end of the height restricting plate 22 on the flange
portions 21b and 24b of the upper die 21 and the lower die
5 24, movement of the press dies in the height direction is
restricted. Therefore, by the height restricting plate
22, the thickness of the disk member 33 of the molded
product 31 is defined.
On the other hand, the intermediate die 23 is
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.
In the press die of the present invention, for press
molding 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
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10% ()’+69.%V@sﬁgséﬁ thereon. Accordingly, at this time, the
height restricting plate 22 also serves as guide for the
5 upper die 21.
Thus the set of press die is placed on a stage 26,
and a stage 25 is lowered until it abuts to the upper die
21. Then, a load of 150 kgf is applied to clamp the press
die by these stages 25 and 26.
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 condition for 8 minutes. 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
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by one cycle of molding process.

Subsequently, the heaters 27 and 28 are turned OFF,
and the load is lowered down to 7000 kgf. In thiscondition,
the stages 25 and 26, the upper die 21, the intermediate

5 die 23, the lower die 24 and the glass material 30 are cooled
down. After cooling the glass material 30 down to 440°C
of strain point temperature of the glass material, the load
is further lowered down to 350 kgf. The molded products
are removed at a temperature lower than or equal to 100°C.

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 other hand, the flatness of the
disk portion was 1.5 pm falling within the targeted 2 pm.
Furthermore, the concentricity between the disk portion
and the shaft portion was 1 pm smaller than the targeted
2 pmm. Thus, the motor shaft falling within the target
25 dimension could be obtained.

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

30 23 and the lower die 24, residing of gas, such as air, in
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the tip end portion of the shaft forming hole portions 23
of the intermediate die 23 can be prevented. Also, a
plurality of molded products 31 can be formed through one
molding process with shaping the glass material 30 into
5 the shaft precisely corresponding to the press die. Also,
the tip end portion of the shaft shaped portion 32 of the
molded product 31 can be formed satisfactorily to product

a large amount of disks.

10 (Tenth Embodiment)

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

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

The press die to be used in the tenth embodiment of
the present invention is 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 constructed with an upper die 35 having

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

30 apluralityof intermediate dies 37 are arranged in a manner
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the different point from the former embodiment.
On the other hand, in the shown embodiment, the
10 intermediate die 37 is formed with four die plates.
However, number of die plates for forming the intermediate
die is not 1limited to any specific number but can be chosen
as any arbitrary number depending upon capacity of the
press die, size of the disk member 37. Furthermore, these
15 plurality of intermediate die plates of the intermediate
die 37 are arranged in spaced apart so as not to cause
interference with each other.
Molding operation was performed in the shown
embodiment under similar condition as the foregoing ninth
20 embodiment.
In the press die having the intermediate die 37 having
a plurality of die plates, by preliminarily forming
respective glass material into substantially spherical
shape for press molding, respective glass materials are
25 to be spread in circular form about the shaft forming hole
portion 37a at the center of the respective intermediate
die 37 and to be molded into a shaft shaped portion 42 and
a disk portion 43 of the molded product 41 by a molding
surface of the pushing portion 35a of the upper die 35,

30 the upper surfaces and the shaft forming hole portion 37a
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Namely, as shown in Fig. 21, concentricity between
the shaft shaped portion 42 and the disk shaped portion
43 of the molded product 41 can be certainly secured.
Furthermore, a plurality of molded products 41 can be
molded in one cycle of press molding operation
10 simultaneously.
With the foregoingmolding process, the glass material
30 is formed into the shape as set in the press die as the
molded products 31 shown in Figs. 15 and 16, and did not
have the dent in the shaft portion due to residual air.
15 Also, even in the disk portion, the dent due to residual
air did not appear. On the other hand, the surface
roughness of the press surface of the upper die is
transferred precisely so that the surface roughness Ra of
the information recording surface of the disk portion was
20 0.5 nm. The circularity was 25 pm falling within the
targeted 30 pmm. 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 mm. Thus, the motor shaft falling within the target
dimension could be obtained. As can be appreciated from
the above, by preliminarily forming the glass 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



10! | @109%& ()-'!#10%& ()-' 109%& ()-S109%&' ()- 10 10 10@B. #10%&' ()- wX6_@
101\ S*#10%& () - S'#10%& ()-!SS"#10%& ()-! SH10%& ()-!\ SH109%&' ()-!\ SH10%& ()- ~
= 10!\ ! #109%&' () - S109%& ()- 10 10

“10Ss3#10%&' () - ! f Ss3#109%&' () - S*#109%&' () -} <~ =

101\ I NS"#10%&' () - SF#10%&' () - ! XSF#10%&. (94 @109%&' ()-!f @10%8&&' () - #10%&' ()-4
{YK=/ 10 10 10!, S, 5#109%&' ()-"

S, 5#10%UCCE () -') S"#109& () - ! XS"#109%&' () -! NS" #10%&' () - cwz X6K=/

10! SS#10vgdfsky memheng4d) cansheogerLaimndsy 1atRainesd . xs#109& () - Z, 10%& () -
wXMB7 10! 10 10 . . . . .
10SL3#10%&: () - ! VEE3PERRLTY - 1p¥eRidaR (has: Beeth@essriked: ifvde 3 ikaz y7vB

7 10!! @10%R 6 + ~ IR & ¢ a d i - i11 b
| #10%& ()ﬁ!tﬁlﬁ&aszpﬁ‘;lﬁq E%)é/&eff? A aBpRamentg, 2nd it will now be
10, " 3#10%appdien 8#£06m: &hle) fdrédddE o £Hos#10KA 18 e -idl ki h&18¥R7& () -
Z@10%' ()- gH7 10, 3#1@10%& ()-!\ @10%& () -#109%&' ()-!#10%&k ()- @QLO%&' () -
10 5 that changes and modifications may be made without
departing from the invention in its broader aspect, and
it is the intention, therefore, in the apparent claims to
cover all such changes and modifications as fall within

the true spirit of the invention.
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# 10%&()‘5h}fg¢:AO!press die for press molding of a glass
substrate of a disk member with a shaft shaped
5 portion at a center thereof, characterized by
comprising:
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 guide 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 claim 1 or 2,
characterized in that said guide member defines
25 depression amount of a press by said upper die upon

press molding.

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

30 shaft forming hole portion for forming a shaft
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5 5. A press die according to claim 4, characterized
in that a depth of said circular recess of said
intermediate die is greater than or equal to a half

of a height of said disk portion.

10 6. A press die according to claim 4 or 5,
characterized in that a depth of said recess of said
intermediate die is equal to a height of said disk
and an upper surface of sald 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 in that said intermediate die 1is
formed with an outer frame and a bottom frame, said

20 recess 1s defined Dby 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 upper die performing press

30 molding from an upper surface, an intermediate die
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characterized by comprising the steps of:

5 placing a glass material of revolving body shape
having a c¢ircular cross-section in a direction
perpendicular to its center axis and including a
circular section at least greater than said shaft
forming hole portion, on said shaft forming hole

10 portion of said intermediate die; and

subsequently performing press molding for said

glass material.

9. A molding process of a disk with a shaft shaped
15 portion for press molding a glass substrate of a
disk member having said shaft shaped portion at a
center thereof, using an upper die performing press
molding from an upper surface, an intermediate die
having a shaft forming hole portion for forming a
20 shaft shaped portion and a lower die for forming a
lower surface of said shaft shaped portion,
characterized by comprising the steps of:
placing a glass material on said shaft forming
hole portion of said intermediate die with aligning
25 a center axis of said glass material with a center
axis of said shaft forming hole portion; and
subsequently performing press molding for said

glass material.

30 10. A molding process according to claim 8 or 9,
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10 characterized in that a mass weight of a
spherical glass material 1s set equal to a mass
weight of a molded product, a dimension of said

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

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
arranged 1in 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
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10%& () -, Zlo%@%l%h‘ %r%m 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 axlis on said shaft forming hole portions of said
intermediate dies of said press die respectively;
and
subsequently performing press molding for said
glass material for producing disk members with shaft

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
an upper surface;

a plurality of intermediate dies, each having a

shaft forming hole portion for forming the shaft
shaped portion;

30 a lower die for forming a lower surface of said
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10%&T()'Yy10@§%s@) member hav1ng said shaft shaped portion at a
center thereof, using an upper die performing press
molding from an upper surface, an intermediate die

10 having a shaft forming hole portion for forming a
shaft shaped portion and a lower die for forming a
lower surface of said shaft shaped portion,
characterized by comprising the steps of:

placing a plurality of glass materials of

15 revolving body shape each having a circular cross-
section in a direction perpendicular to its center
axis on said shaft forming hole portions of said
intermediate dies of sald 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
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