Title of the Invention Drawi ng apparatus and draw ng
met hod Background of the Invention [0001] The
present invention concerns a draw ng apparatus and a
drawi ng nethod, nore specifically, a draw ng
apparatus and a drawing nethod realized in a way to

be capabl e of taking j . the inner surface
of which has been fomg (?t;]ﬂgé gﬁ{é%m%{l/o-convex shape
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there is a need of_ form ng fﬁgé i nnper surface of a
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product into a cBaskgsoun the Ipeentagnyi t h t he

veSjgl (ii apparatuses for rmaking physical vapor
dep ppl n (PVD), chem cal vapor deposition (CVD),

etc. . i t .
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(CVD), etc.

Summary of the Invention

[0003]

However, the above-mentioned method using electron beam had
problems such as necessity of expensive equipment, long working time,
and high working cost.

[0004]

On the other hand, there are press working and drawing, as general
forming method of this type of products, but a problem was that, in the
case where an attempt is made to form the inner surface of a product into
a desired concavo-convex shape, by means of press working, no
sufficient amount of the mass of material flows into the concave part of
the mold, thus making it impossible to form the inner surface of the

product in desired concavo-convex shape.



shape causing it to get caught in the direction of

pul ing out of the product against the nold, no
form ng can be nade by the nmethod of press working or
drawi ng. [0005] The objective of the present
invention, realized in view of the above descri bed

t | h f t
ety abe HHOhehr BEORIe ot Biftcafb. HonyEgse  where the
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To achieve said objective, the drawing apparatus according to the

present invention is a drawing apparatus comprising a mold disposed at
the tip of a spindle and a squeezing roller for forming a material into a
shape along the surface shape of the mold, characterized in that said
mold is realized in a split structure having a concavo-convex surface
shape and contractible in diameter after the forming of the material.

[0007]

In this case, it may be possible to construct said mold with split
molds formed separately in the circumferential direction and a core
portion, and incline the split surfaces at which said split molds get in
slide contact with each other, in the direction of pulling out of the
material which has been submitted to drawing.

[0008]

Furthermore, the drawing method according to the present




the nold by nmeans of a squeezing roller, characterized
inthat it uses, as said nold, a nold realized in a
split structure having a concavo-convex surface shape
and contractible in dianeter after the form ng of the
naterlal and consists in formng the material placed
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drawing.

[0010]

According to the drawing apparatus and drawing method of the
present invention, by forming a material placed on a mold, in the state in
which the mold is assembled in prescribed shape, into a shape along the
surface shape of the mold by means of a squeezing roller, and then
contracting the mold in diameter and releasing the material submitted to
drawing from the mold, it becomes possible to take out the material the
inner surface of which has been form in a concavo-convex shape by
means of drawing from a mold with excellent release performance, even

in the case where the concavo-convex part formed in the inner surface of



[0011] And, to be nore concrete, it becones possible
to release the material, the inner surface of which

has been formed into a concavo-convex shape by neans
of drawing, easily and accurately, wthout deform ng
it, after the forning of the material, by cancelllng

the ress su [ dlrectlon
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Description of the Drawings Fig. 1 is a partially
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thég tanﬁﬂﬁ_gllg divnefcfted front el evation showing a

i ment o* the draw ng apparatus according
to the present invention, (a) showing a state in
whi ch the core ss_supports the respective split
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Fig. 2 indicates the mold of the drawing apparatus above, (a) being

a front elevation, and (b) a side view.

Fig. 3 is a partially omitted front elevation showing the state in
which a material was submitted to drawing with the drawing apparatus
above.

Fig. 4 is an explanatory drawing of the split molds, (a) showing the
pressing force acting on the split mold on one side, (b) the pressing force
acting on the split mold on the other side, and (c) the state in which the
material has been finally released.

Fig. 5 is a partially omitted front elevation showing a second
embodiment of the drawing apparatus according to the present invention,
(a) showing a state in which the core press supports the respective split
molds in radial direction, and (b) a state in which a chuck press fixes the
material.

Fig. 6 is a partially omitted front elevation showing other form of



split nolds 11, 12 and the core portion 13 is not
particularly restricted, and its coner part nay be
worked in the shape of a circular arc in sectiona
view, as shown in Fig. 1, or worked as a straight
sl oped face Mor eover, the concavo-convex surface
iﬁﬁga he nmold 10 is designed to forma | arge

jang QRHmave parts depressed in the shape of

n the curved surface of the nold 10, in this

enb imerdt, though it is not particularly restricted

ei t HEhe dlﬁ@%bf theestatel it winich the nsolde$0asedssembledwith the

split surfaces 11 a, 11 a at which it gets in slide
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get sMoteover,d¢he ogbredvorchbiivekesadthde eshape | of thel thdld 10 is

in a shape sloped opposite to the direction of slope
desﬂgnhd tepform sajlargeenumba:ru 0f eonegve partscdepressed|int the shape
rface of.the

e 11 Furt he e, i.nner
ofiﬁ mples o the cypved; sustagey 0?‘ the mo 4,9@ i &fahsd embodiment,

ngt. .t ndl e in sectiona
th%ﬁ ﬁolstlgcgtt ﬁ&ﬁi‘#}ﬁgﬁ&{e&tﬂ%ﬁlgbﬁg nt act vvlth t he side
fac 00ffelhe core portion 13 in the shape of a cone,
truncated cone, pyramd or truncated pyranmd. And,
one 'Ehmplwmmld( 41pes.desngnéd stoefibrmi spht )suwfacasl ﬂﬂa Ila at

11 and split nold 12 are c i ned, to co
Wﬁolfél b iggts an; sii qaucegéaqtbwths ﬁhg@ﬁmwphtrmo I1i2t in % shape

sIOBpf it oAy {§ Strfad e&mréc S'fﬁr“hbﬁE °§pPHU|‘%g sout of the
gféﬁﬁcworas' Sh¥Vet int Py e)}ovmré fé%ie? hand the split

lameter), by a presser ne 47 ncor por at e

mold gt hspdekigned ster foimt splifl sarfavebel24,012anal dvl’ﬂehelt gets in
20 di sposed at the _tip of the spindle 2.
shde contact with the adjacent split mo{Jd 11 in a shape sloped opposite

to the direction of slope of the split surface 11a in a way to face the split
surface 11a.

Furthermore, the inner surface of the split molds 11, 12 is formed
in the shape sloped against the shaft center of the spindle 2 in sectional
view so that it may get in slide contact with the side face of the core
portion 13 in the shape of a cone, truncated cone, pyramid or truncated
pyramid.

And, one same number (4 pcs. in this embodiment) of split mold
11 and split mold 12 are combined, to constitute the mold 10 in
prescribed shape.

[0017]

The split molds 11, 12 are pressed in the direction perpendicular to
the shaft center of the spindle 2 (direction in which the mold 10



Still nore, the split nold 11 is pressed in the
direction parallel to the shaft center of the spindle
2 (direction of pulling out of the material W, by a
presser nmenber 5 attached to the nold base 20. The
presser nmenbers 4, 5 are designed, though not
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restrieteheioe priees sie sphisl moldsspili 12 nby Bsipg tas)spsing, in this
ca pyramid and, in this enbodinent, it takes
emhgagﬁ of a truncated cone so that its shaft
cen”gmlmgy agree wth the shaft center of the spindle
h the spindle 2 and the split nolds 11, 12

are Akbooghd the directbar of T beess@ﬁg byr therpredseerheimber 5 is

pressi ng and rel easi D% in radial “direction against
givea 38 i thenodigection tpulling repti nof hthedi matcmah W, in this

R e By T .
b}gffq}ﬁ srh‘ingl Wﬁ%Qﬁ;}DW g?ﬁggagsteggﬂﬁhgor@h ﬁnﬁi’egedirection

oppsusitedto 1Be idiréctivn 'ofhling BAt'OF thedhab@rial Wl arly

restricted, integrally with a chuck 31 for fixing the
7 ndi0&19d1 W by preSS| ng it against the nol d 10 in
th| embodi nent Ea nmove the. core portlon

68,1008 QRartion: A 3 Soob PAFGHarbhresiTistedsin Shape. 1F only it
a?xai)f%s §8pp81[toﬁ{ed ‘EShW&S]dsth?'l‘i" tn HheHadib® dﬁre%tion, and may

take the shape of a cone, truncated cone, pyramid (octagonal pyramid in
the case where the split mold is split into 8 parts) or truncated pyramid
and, in this embodiment, it takes the shape of a truncated cone so that its
shaft center may agree with the shaft center of the spindle 2 in which the
spindle 2 and the split molds 11, 12 are expanded in diameter.

The core portion 13 performs pressing and releasing in radial
direction against the split molds 11, 12 by moving in the direction
parallel to the shaft center of the spindle 2, causing the split molds 11,
12, jointly with the presser member 4, to make actions of expansion and
shrinkage of their diameter.

The moving means of the core portion 13 is constructed, though
not particularly restricted, integrally with a chuck 31 for fixing the



advance or retreat. Yet nore, the core portion 13 may
be designed to press support the split nolds 11, 12
in the radial direction, by constructing the spindle 2
in a hollow structure and pulling the core portion 13
to the spindle 2 side (Ieft side in Fig. 1). [0020]

t. t 1l th th d of
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illustration together with the chuck 31 by nmeans of
advmlcet er retreak nechani sm 3, against the split nolds

Spl nﬁ%g?éo}egfthg?gretlggg%; i ai’Fa& Sed %sﬁfhesmmport the
e A

a Hotlow! strdtura sared Pulling ﬂi@ cote pértich 11F 66 nthet §Findle 2 side

indle 2 by nmeans of a driving nmechani sm (not
(leﬁlmderlatEtg Ihand formthe material Winto a shape
al ogﬁ) 235 surface shape of the nold 10. [0022] And,

af t di0G mng the material W cancel the press

12" By ekheSnirnaiBh, fill ¥e BteRul i %e@%épﬁgﬁaﬁﬁaﬁnade by
“?ﬁg'ﬂ“mg@‘ﬂ%\,am’%'%ﬁﬁ he direction of pulling out of

mat er 1 al as been submtted to draw ng,

and Inothe dorst qihace sptess suppbrt the siplit nrotdbyl 1,he2 m the radial

entlre m)lﬁiiﬂ in dlarre er. To_be nore concrete
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fixed to the mo ){d 10 by the chuck 31.
[0021]

Next, press the squeezing roller R against the material W fixed to

the mold 10, as shown in Fig. 3, while turning the spindle 2 by means of
a driving mechanism (not illustrated), and form the material W into a
shape along the surface shape of the mold 10.

[0022]

And, after forming the material W, cancel the press supporting in
radial direction of the split molds 11, 12 by the core portion 13,
relatively displace the split molds 11, 12 in the direction of pulling out
of the material W which has been submitted to drawing, and contract the
split molds 11, 12, namely the entire mold 10, in diameter.

To be more concrete, on the split mold 11, a pressing force 4Pa in

the diameter contracting direction by the pressure member 4 and a




menber 4 acts respectively, as shown in Fig. 4 (b),
and the split nold 12 noves in the direction of
bottomleft (inside) in the illustration relatively
agai nst the material W in this enbodinent. As a
resul t, the convex portion fornmed on the inner
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draMAng apparatus and draw ng nethod accordlqﬁ to the
ther ecucave poetnon dormed endhevsurface odrthewsplitsmialdnt2.cal

the first in.the constru

tot t o e
o tA8dscie Spiitomold” o whils, anbbing g9 Baqright Side in the

ﬂmﬁ{a{f{"ﬁ{ %R%P"Pﬁgﬁ%"?": iih SR, 2P hi: Girk ol of p¥fling out of
th'esnfa‘ték‘lalzw bﬂ the Wsﬁﬂ: AfsHiBeF 5t A Hﬁkﬁg@%ithoim&%notlon of

with the chu for pressing the materi al
thagsplnsmctldel lr;odlmmﬁsheﬁ in uhjAnmeetenf togetherc wath $he éplitanold 12,

rm fix.the mater eve .the case, where_.th
u‘%‘kﬁfcﬂ{?eﬂeiﬂmg HOTRES é"rPaqm Xiébvmsﬁmn etemrrducing dlﬁsctlon by

thé PRESHES bR 4 il Gl 3nd B8 Y 1B, b6 Héised from

ogglitcmold- 110024] The buffer nechanlsn16 may be
rppose t hough not particularly restricted, of a
hoI e[Q())th]l on 63 opened in the chuck 31 fixed to the
tip of press supporting in radial direction_ of the
spl |Elgn§ irdicatesia segondeembogiment ofothe drawing iapparatus and
dfanmﬁ'ggrne(?h(gg)acc%r&né to the present invention.
This drawing apparatus is identical to that of the first embodiment

in the construction of the split molds 11, 12 of the mold 10, and

therefore explanation on their construction will be omitted.

And, the drawing apparatus of this embodiment is realized in a
way to connect the core portion 13 with the chuck 31, for pressing the
material W against the mold 10, through a buffer mechanism 6, to firmly
fix the material W, even in the case where the thickness of the material
W is uneven, thus enabling to accurately perform the press supporting in
radial direction of the split molds 11, 12 by the core portion 13.

[0024]

The buffer mechanism 6 may be composed, though not particularly
restricted, of a hole portion 63 opened in the chuck 31 fixed to the tip of



O her constructions and the procedure and action of
the drawing nethod in this enbodi nent are the sane as
those in the first enbodi ment described above. [0029]
Expl anati on has so far been nade on the draw ng
apparatus and draw ng nethod according to the present
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ave an advantage of bei ng capable of taking out a
mat f0029] the inner surface of which has been forned
into_a _concavo-convex shape wth drawi ng, froma nold

wi t hE¥Rlasiation has| sasfar peenomadecon éherdrawinge appsratus and
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cotsstriot it Meseribéd ifahe abové mentonéd ieiebbdiifknts, but may be
surface of a product into a concavo-convex shape. "11
modified im coastiuetiony asprequired within iairange not deviating from
di sposed at the tip of a spindle and.a.squeez

the maip purpass: /f thea 1, Sych @safixing dhg %ﬂ@,h@ enable

. e act i i t id. .
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X shate d contractible in
a giqgéng%igrgcgl%%r(ﬁh%eif orhi ng o’f@ttehe material. 2. A
dr ai0@30dppar at us as defined in daim1, wherein said
rmlgF is.constructed with splif nuolds forned .
sepalbg edjawing napparatus andnidrawing method according to the

present invention have an advantage of being capable of taking out a

material, the inner surface of which has been formed into a
concavo-convex shape with drawing, from a mold with excellent release
performance, even in the case where the concavo-convex part formed in
the inner surface of the product is of a shape causing it to get caught in
the direction of pulling out of the product against the mold and, for that
reason, they can be used widely in the case of forming of the inner

surface of a product into a concavo-convex shape.
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direction and a core portion, and the split surfaces
at which said split nolds get in slide contact with
each other is inclined in the direction of pulling
out of the material which has been submtted to

draw ng. 3. A drawng nethod for formng a material,
pl aced on a nold disposed(g@gthe tip of the splndle,
into a shape al ong the surfeat8hape of the nmold by

meant. o daBfHE FHiiati LB REAS Al (lshOsddat the tip of a
Sﬁhﬂq@taﬂ@ ahsquézing lel‘eﬁfvﬂ)lc ﬁ@ﬁﬁiﬁ Ui ftefiab fiﬁttﬁ a8Hape along

contractible in dlaneter after the form ng of

theasurfage , shape oﬁrtheangldpcharaotmﬁgzeh&aﬂm{s?d mbhd dd realized
he ool d, h

Do e iy StruGREG, hangs An EONCAVE-conYEne SUEASR, shape and

oQifrh&iBie [f Waflerdr SHEP sfie MRS pERET LY,

rel e@se&td}amgea%garams ) Hé‘ﬁneﬂeﬁﬁ (ﬁﬁhﬁ‘ 1t ¢héfein sald mold

drawi ng fromt . A draw ng nethod &s defined

isi constructed] witkrsplit seoldsnforned separately cine the dlt‘cumferentlal
spli.t mnl&isformad separate]y. in the ciftcunferent]j

digpetion; and oadcarec POELIBB; ¢ thﬁnsplﬁhé ces aluw gald split

m$iS ekt iR GoptARt mﬂamp.ﬁ;sﬁrd iREAEH 44 bk Sebion of
pﬁﬂﬁl%TB rdfaﬂhe"\ﬁia‘ién?}i%%e@rﬁrg%éeéﬁpg?ﬁ ts‘iﬁnﬁﬂtéﬁ fidRewing.

art the formng o ress

suppdr tA ndrawingadnethatl rfect forming & Imawnial; ptabeu on a mold

t he cgre is cancelled, . tg relatively displace the
7

d@pps atihgstipl @ thmwu;dlnen mme aoﬁham along the surfacg shape of
he naterl | whic subm t.t

th§; il Y GnaRS s a dtiesaings FollehoPhdtactorireddbathat ip uses, as
said mold, a mold realized in a split structure having a concavo-convex
surface shape and contractible in diameter after the forming of the
material, and consists in forming the material placed on the mold, in the
state in which the mold is assembled in prescribed shape, into a shape
along the surface shape of the mold by means of a squeezing roller, and
then contracting the mold in diameter to release the material which has
been submitted to drawing from the mold.

4. A drawing method as defined in Claim 3, wherein said mold is
constructed with split molds formed separately in the circumferential
direction and a core portion, and the split surface at which said split
molds get in slide contact with each other is inclined in the direction of
pulling out of the material which has been submitted to drawing and,
after the forming of the material, the press supporting in radial direction
of the split molds by the core is cancelled, to relatively displace the split
molds alternately in the direction of pulling out of the material which has
been submitted to drawing, and contract the split molds in diameter.
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