16 OCT 2003 1 Specification. Method and Apparatus for Form ng Opti cal

El enent 5 Technical Field The present invention relates to a ge;tdﬂeg, and an
apparatus for formng an optical elenent such as a gl ass Ie11 30833
nol ded product by pressing in a set of nplds. 10 Background Art A
conventional process of formng an optldhl el ement nmade of a gl ass
material includes detecting the tenmperature of a set of upper and | ower
nol ds, heating the nolds to a glass fornable 15 tenperature which exceeds

the transition tenperature but is not .higher than the softening point
tenperature of the gl ass naterim,éb%ﬁﬁﬁ%%%?ﬁ?@ the glass material to a
desired shape by pressing or the like. Such a conventional form ng process
has however a drawback 20 that the dinensional accuracy of a finished

optical elenment usensQt ayqra : .1 he . _expapnsi on coefficient
O]E) glass in a tenperat ﬁ?é‘“@éﬁgé }ré\?%hgrkgt ﬁé?ﬁtlhg E)ggﬁglaﬁ'l %Sfeﬁ'ﬁf’ﬁ‘t i s
severalstines as great as one in the |ower tenperature range. The thermnal

expansi on coefficient of glass material in such a 25 higher tenperature
range is also greater than that ofed8{iHET Field

The present invention relates to a method and an apparatus
for forming an optical element such as a glass lens or a glass
molded product by pressing in a set of molds.

10
Background Art

A conventional procegs of forming an optical element made
of a glass material includes detecting the temperature of a set
of upper and lower molds, heating the molds to a glass formable

15 temperature which exceeds the transition temperature but is no.t
higher than the softeningpoint temperature of the glassmaterial,
and forming the glass material to a desired shape by pressing
or the like.

Such a conventional forming process has however a drawback

20 that the dimensional accuracy of a finished optical element is
not always favorable. The thermal expansion coefficient of
glass in a temperature range higher than the transition point
is several times as great as one in the lower temperature range.
The thermal expansion coefficient of glass material in such a

25 higher temperature range is also greater than that of ceramic
or metal, €.g9. super steel, which is generally used for

fabricating the molds. When the glass material is press-formed



or netal, e.g. super steel, which is generally used for fabricating the
nol ds. When the glass material ispress- fornmed 1 6 OCT 2003 2 TH& L
shape in the high tenperature range, its shape renmi ns at certtﬂ% ﬁﬁhﬁaﬁ
just after the form ng process but nmay considerably be contracted as the
tenperature falls down to the transition tenperature, and its dinensiona
accuracy is hardly maintained. For solving the above drawback, the
tenperature of the glass material is preferably reduced to as close to the
transition tenperature as possible at aZrocess of finally closing the

nold during the formng process. It is however not easy to directly
nmeasure the tenperature of the glass material. Al so, since the tenperature

of the class nmater, al var upon neasuring | ocations,

Lechni que &P cor wq%dng@{e}?@ f%/} gﬁﬁﬂe@n&ﬁﬁt‘{% & of AR ur e

nmeasurenments_of the ool ds n1ted in the. ﬁ ﬁilos%re of the
oehr theTe

I nvention ﬁé%@ﬁ%ﬁndyqo %?Fl?%? a§ﬁ%6{r%ﬁyth%uﬁ Ognﬁf%bided
a formng g?to*&%%s‘)f bagm %aﬁ“ Q:Q)tns(i o rafll §”E']:} d‘;OEoRJcéﬁ&P&da anssche

mat eri al ween a pair of er an ["oOWwe neasurirng an

control I ”Eeﬁpeﬁssﬁﬁféatf‘érl@_SOfdéuﬁP 18! d$.et O e 3 Uit heeBbasstIRES! Il

its dimensional accuracy is hardly maintained.

For solving the above drawback, the temperature of the
glass material is preferably reduced to as close to the
transition temperature as possible at a process of finally
closing the mold during the forming process. It is however
not easy to directly measure the temperature of the glass
material. Also, since the temperature of the <class
material may wvary depending upon measuring locations, a
technique of controlling the forming process with the use
of temperature measurements of the molds is limited in the

accuracy.

Disclosure of the Invention

According to a first aspect of the invention, there
is provided a forming method of forming an optical
element for placing a glass material between a pair of
upper and lower molds, measuring and controlling a
temperature of the molds to heat up the glass material
together with the molds, and forming the glass material
intc an optical element, said forming method comprising

the steps of:



together with the nolds, and formng the glass material 1into an optical
el enment, said formng nethod conprising the steps of: 16 OCT 2003 3 (a)

pl acing the glass naterial between the upper and |ower nnldslﬂ?gleq'gzﬂﬁL
t'o r

mai ntai ned at a pre-heating tenperature; (b) heating up the

with the glass material; (c) when a tenperature of the nolds reaches a
setting tenperature which is higher than a transition tenperature of the
glass material, noving at |east one of the upper and |ower nolds until the
nmol ds for making a direct contact betwden the glass material and the nolds
at a pressure Pl at which the grass material deforns; (d) neasuring a

di spl acenent of the nold caused by softening and deform ng of the gl ass

material, applying pressure P2 which is greater. than the essure P
Whi L measuring & Spedd Bracit®r RgILAE Sy FREEE itk o B SSAnd B0 MERER ng

the prossifa POYES BlagRedootbraritd i Ag it oratin tr ronPeRe Rroediie 22
to a pres§g&geggﬁgyé%h is smaller than the pressure P2;

{b) heating up the molds together with the
glass material;

(c) when a temperature of the molds reaches a
setting temperature which is higher than a transition
temperature of the glass material, moving at least one of
the upper and lower molds until the molds for making a
direct contact between the glass material and the molds
at a pressure Pl at which the grass material deforms;

(d} measuring a displacement of the mold caused
by softening and deforming of the glass material,
applying a pressure P2 which is greater than the pressure
Pl while measuring a speed of deforming the glass
material, and confirming that a period of time when a
viscosity of the glass material balances with the
pressure P2 has elapsed;

(e) shifting a pressure from the pressure P2 to
a pressure P3 which is smaller than the pressure P2;

(f) controlling a temperature of the molds in
response to a temperature decreasing instructlon to cool
down the glass material, and when the temperature drops
down to below the transition temperature, canceling to

apply the forming pressure; and



(f) controlling a tenperature of the nolds in response to a tenperature
decreasing instruction to cool down the glass material, and fﬂﬁ ﬁe
tenperature drops down to below the transition tenperature, Eubinauﬂa
apply the form ng pressure; and 16 OCT 2003 3a (g) noving at |east one of

t he upper and |l ower nolds, further cooling dowm the nolds and the gl ass
material to the pre-heating tenperature. According to this aspect of the
present invention, the glass material remains not in direct contact with
the nolds before its tenperature rises 8 to on higher than the transition
16 OCT 2003 4 tenperature T3. Wen the deform ng of the glass materi al
is detected fromthe novenent of the nold, the formng pressure is

shifted to 22 for propoting the formng of the glass material .into a
desired shape. A dif$ ré‘i?é’g'qgn 3 elfﬁ‘rﬁgtra‘afl?or?lgft fie UPRST shkd t and

a differen in the contraction .of the nol due .to a chan in the
t her mal ex%L %gi%dn gféﬁr% Sl tc(?qr]‘r%enq rangiti gtﬁm t St L?rrb&T %oef HES ass
mat eri al are.for.cgf Y f - - A The gl ass material may
be forned #%Fggggﬁég##éagéﬂggé géatﬁﬁ% Reipdlte.
According to this aspect of the ©present
invention, the glass material remains not in direct

contact with the molds before its temperature rises up to

on higher than the transition



e.g. pressing regardl ess of direct measurenment of the tenperature of the

glass material and without injuring the glass material and I e
accuracy of the form ng process may be inproved by the conthx ngszoo-g"

gradual ly increase or decrease the formng pressure in response to the
speed of deforming the glass material. The form ng process nmay be nade

| ess expensive by controlling the formng pressure by an air cylinder and
an electro-pneunmatic regulator without using a servo nechanism The speed
of deforming the glass material nay be édletected fromthe speed of novenent
of the mold. It may be acknow edged that the viscosity of the gl ass

mat eri al begeprestuie T3 hdipresthe edePonmenrg t¢e theecdlass mavenbal &8 the
nold falls down to zero. 16 OCT 2003 5 According to a second aspect of the

i nvent i on,dek4ERd i LB ANUSPVETNEHt Cfalthel BrdAy tHenfRETAPFaPELESUTS
ComDr 151102 $L353, B S 9 Pelueen upper 2g bovet ol ds. measurlng and
Logether Wi LS olgP ot (o Mg Lhecel s Bt bRk Lo optical
an action finished product and a difference in the contraction of the molds
due to a change in the thermal expansion adjacent to the transition
temperature T3 of the glass material are forcefully offset by
the pressure P2.

The glass material may be formed into a desired shape by
e.g. pressing regardless of direct measurement of the
temperature of the glass material and without injuring the
glass material and the molds.

The accuracy of the forming process may be improved by
the control to gradually increase or decrease the forming
pressure 1in response to the speed of deforming the glass
material.

The forming process may be made less expensive by
controlling the forming pressure by an air cylinder and an
electro-pneumatic regulator without using a servo mechanism.

The speed of deforming the glass material may be detected
from the speed of movement of the mold.

It may be acknowledged that the viscosity of the glass

material balances with the pressure P2 when the speed of

movement of the mold falls down to zero.



of controlling the form ng process according to a setting tenperature T2

which is higher than a transition tenperature of the glass nat r'?hg
novenent Si of the nolds, and the speed of the novenent of théf&;l Tﬁaﬂﬂa

for determning a formng pressure to at |east a pressure P2 for |oading
to deformthe glass material and a pressure P1 which is |lower than the
pressure P2; calculating and controlling nmeans for gradually increasing
and decreasing the form ng pressure depending on a speed of a novenent of
the nol ds; means for measuring the noverent of the nolds while the forning
pressure is naintaineg,at the pressure P1; and neans for cal,cul ating and
control ling the 8peeEI6RT t AR nBveRBRPNEF BRESHY dSTwhithe t HE VEsY TRy
pressure i% mai nt ai ned aldthe pressgre 2.%ﬁ6 OCI' 2003 5a The formn

appar at us ZCE0TUi NG RF TFEIPT e &t OPFhGRN i SHEMBY i IS REPARE a

LY 2bLeak g 10109 g soheutpa.1© RET.AN0 Bkl Sl AL
molds, measuring and controlling the temperature of the
molds to heat up the glass material together with the
molds, and forming the glass material into an optical
element, said apparatus comprising:

action instructing means for performing an action
of contreolling the forming process according to a
setting temperature T2 which is higher than a transition
temperature of the glass material, a movement S1 of the
molds, and the speed of the movement of the molds

means for determining a forming pressure to at
least a pressure P2 for loading to deform the glass
material and a pressure Pl which 1s lower than the
pressure P2;

calculating and controlling means for gradually
increasing and decreasing the forming pressure depending
on a speed of a movement of the molds;

means for measuring the movement of the molds while
the forming pressure 1is maintained at the pressure P1l;
and

means for calculating and controlling the speed of
the movement of the molds while the forming pressure is

maintained at the pressure P2.



of themto be conveyed by a single nechanism The f orm ng apparatus of the
present invention may further enploy a cylinder for driving hqg l.d,
hence making its 5 structural arrangenent sinpler. Brief Desdr [ﬂﬁiﬁ%Zﬂﬂa
the Drawings Fig. 1 is a cross sectional front vi.ew of a primary part of
an apparatus f or f ormng an optical elenent show ng an 10 enbodi nent of
the present invention; and Figs.'2 (a) through 2 c) are characteristic

di agranms showing a tenperature, a displacenent, and a pressure
respectively in a formng process. is Ded ai | ed Description of the Preferred
Enbodi ment An enbodi nent of the present invention will be described
referring to the relevant drawings. Fig. | is a cross sectional f ront

view of a primrypart, of an apparatus f or f orm an optjical, elenent

Show ng tho. enbod e eoft THELH cSBHE P A SO RERG. b B¢ aPTemedigh 2
(c) are character.i stic_diagr how ng a_,tenperature,.a_displ,ace t, and
a pressurelpgggg che?ﬁyiaqggfﬁi?nf%gggFgégssF“%naOpF?Engeﬁgﬂ%ﬁ?nﬁg?%ing
appar at us igﬁp& the present invention conprises, as shown
in Fig. 1,85%§g%gﬁgﬁgg ieg%%% of super steel, lower nold 3 nade of the
sanme and arranged corresponding to upper nold 2 for formng glass materi al

1 to an opt i cal elenent, upper holder 4 f or securely holding the upper
16 OCT 2003



7 mold 2 made of netal, and | ower holder 5 securely hol ding phg lé‘ﬁt ﬁﬁbg
3. Heating member 15 having upper holder 4 nmounted to one sid Bh of
provided with built-in heaters Ga and joined to the inner side of main
frame 14 by upper shaft 7 made 5 of he&t-resistant metal or ceramic. Lower
shaft 8 is driven by cylinder 9, which has very small frictional

| st , d. dao rd venents closely through one side of
main 1 rame T4 O A e SR = Legene, feied Igpinsimse-in
heaters 6b IS, J+Qd side,to the battom of | ower holder 5 an
at anot her %P%ge?no t?hgfedél st‘%%é%g)yofa Isolvl\%grlesﬁ‘éeﬁ%aé?lsﬂle apparatus al so

conprises rotar yHeaphemidy Wh- 541 OH[P%t Jlit gecgrﬁvﬁﬁqsrag‘ggﬁ bip];,atlehér and

its finished optical elenent etweent Si

apparat us éaiileed Dy-pakAdLs fﬂo%@dﬁflv}%ésﬁk&%? n?ooﬂff ilﬁggc%lﬁélg g (132 a*agsr anged

novabl e for suctioning and gripping g erira or

el enents t ettuansien bﬁQ@n%@ni@ﬁn digWhleol d 3 and one of pockets 12. It
further conprises sensor 10 nounted fo one side of rotary table 11 for

detecting the displacenment of |ower shaft 8 or Iower 20 nold 3 and plural
pockets 12 on rotary table 11 for accepting and carrying glass material 1
or its finished optical BeliefeMescrifpeiasl icd tie DIQWIRIRLOH0I Ng appar at us

wi |l now be described referring to Figs. 1 and 2. Pocket 12 provided on
rotary table 1FiBocatdd arcmnes sieg ighalhd rbotnivigwappas adtemd Sy fldqled
wth of an apparatus for forming an optical element showing an
10  embodiment of the present invention; and
Figs. 2{(a) through2 ('c) are characteristicdiagrams showing
a temperature, a displacement, ancﬁ a pressure respectively in

a forming process.

15 Detailed Description of the Preferred Embodiment
An embodiment of the present invention will be described
referring to the relevant drawings. Fig. 1 is a cross sectional
front viewof aprimarypart of an apparatus for forminganoptical
element showing the embodiment of the present invention. Figs.
20 2(a) through 2(c) are characteristic diagram >showing a
temperature, a displacement, and a pressure regpectively in a
forming process.
An optical element forming apparatus of the embodiment of
the present invention comprises, as shown in Fig. 1, upper mold
25 2 made of super steel, lower mold 3 made of the same and arranged
corresponding to upper mold 2 for forming glass material 1 to

anoptical element, upper holder 4 for securely holding the upper



25 glass material 1. Then, rotary table 11 is turned to convey gﬁ_ % 3
matgrial 1l into the inside of main frane 14 at an atnosphere (;lf ?ﬂgT gg

[ ' ' | ass

in the formng apparatus. 16 OCT 2003 8_In the form ng apparatus, g S
material 1 isgpi Eked up and transferred by nozzle 13, of which the driving
mechani sm is not shown. Meanwhile, |lower nold 3 remains at pre-heating

: : . - T3 5 f

o 21 ng RS FuPSEEoRt oFEERL: (el i SO SeseRurervaholdingsting up

to its setyi rature T2 higher th transition tenperature T3. d ass

nat eri al 1li02%trthgl§9ﬁo§de_ Zan J?nq g“v‘\aérl’boeﬁ:o&tg lré"i?‘vilﬁff“? &pgi)reféj;oéffi rfg%r:gliltt%; r

| oner nold heef | . . .upp

mol d 3 ar etﬁ)egtﬁgd%%ggﬁte%%%rCS)EG%'S%P(#E{H; Cfﬁ’é%ﬁ #&lﬁggﬂgf?giﬁﬁgfi\ﬁ?ih e
di Q1 [ aheatis ,

S;C/g? :aml ggdb@%%ﬁig%?s?ng? slq}not tgﬁg\%hsgkgfﬁegﬁ%énﬁpgrga}f%r%pﬁr ﬁ%ﬁ&t fol2fe and

| : is lifted up
| over ol dof heaeh rebi sMarehldtnd (GMMErALMe T2, |over mold 3 is
by the action of lowfriction cylinder 9 with an el ectro-pneunatic

regulator (ot Lokiearnihagr Dl ol Ak B9Loy Plad B YEL0, YL P! g1 2 And

| ower nmold 3. Pressure Pl for loading fo deformis enoug _
gl ass rratefrabtﬁonalaeehajﬁtreafb§hﬂ@eu@watrqra:}gja@uﬁ@agamoggmgngg%l@ée%r }} al 1

is rigid, fragile, and susceptible to
through one side of main frame 14. Also, another heating member
16 is provided with built-in heaters 6b and is joined at one
10 side to the bottom of lower holder 5 and at another side to the
distal end of lower shaft 8.

The ap?aratus also comprises rotary table 11 which can
rotate tocarryglassmaterial 1 and its finished optical element
between the outside and inside of the apparatus defined by main

15 frame 14. It also comprises nozzle 13 arranged movable for
suctioning and gripping glass material 1 or the optical element
to transfer them between lower mold 3 and one of pockets 12.
It further comprises sensor 10 mounted to one side of rotary
table 11 for detecting the displacement of lower shaft 8 or lower
20 mold 3 and plural pockets 12 on rotary table 11 for accepting
and carrying glass material 1 or its finished optical element.

The action of the foregoing apparatus will now be described
referring to Figs. 1 and 2. Pocket 12 provided on rotary table
11 located on one side of the forming apparatus is filled with

25 glass material 1. Then, rotary table 11 is turﬁed to convey

glassmaterial 1 into the inside of main frame 14 at an atmosphere

of inert gas in the forming apparatus.



fracture at a normal tenperature and may injure the nolds. Howey ;D [ 3
tenperature rises up, glass material 1 is declined in the vi sco!fﬁ 3&?@

. o Cal 1
its tenperature exceeds transition tenpgrature T3, glass materia
becomarsmsoft and deformable. 25 The for n?ng apparatus confirnms the start of
abrupt displacenent S1 of glass material 1 maintained in its softened

' 3
state at settin r e 12 between upper nold 2 and |ower 16 OCT 200
9 nold 3. In tu?Inr% tﬁe- or M ﬁgagﬁﬁgvr%%s' %5 ek ETigdd If 68 pdekefiniipg

Ighey P2 tq.shape, glass. material 1 in a
stgm pggf?%ﬁmﬁﬁater%ﬂ#e t enp rgl?%%g%l s],‘%KeSF HEQcEeFﬁFnar%‘éﬁﬁarTa%ah@nwm

' OPET ' ' ' force of
Pressure PZ s sah t e I ntained until the f¢
viscosity (%f glld)gsg Er?walw'?*grilgl 11‘”Il g%bngosJ%%ﬁ%nce Wl pFe8EPEE PRealing ne

o b eEeherabice ousalnha! eoad eROh! pLohle. prossune by stepe of

I ncrease or decrease (wWth the use of an unshown Syste

f or mi ng5gl des mihbni aing the d@ratﬂgﬁiorfeghé%%g%%t‘ﬂfﬂe%f A i oL g, based

: ater
on the characteristic o-f 'glass material 1. From neasurenents of - $&hsor

10 i ndi cat itmyi ¢ ey dipspb deenest ting deanird @itk oW idhdi Ranthe, sPeed. 0
deformati onn%? glass material 1 is calculated and determ ne%”’f3 lﬁﬁon

det ecti ng tlempersture Tdr c&lafsvinacestihy 0f sohass 18BLHH Al d 1%_%%%&1d

bal anced with pressure P2 or specifically the speed of the -displacenent,
i 3
is .

After it is confirmed that lower mold 3 ig filled withglass

10 material 1, upper mold 2 and lower mold 3 are heated by heaters

6a and 6b of heating members 15 and 16 according to receiving

a heating and controlling instruction, of which the system and
mechanism is not shown.

As the temperature of upper mold 2 and lower mold 3 reach

15 at setting temperature T2, lower mold 3 ig lifted up by the action

of low-friction cylinder 9 with an electro-pneumatic regulator

‘(riot shown) to hold glass material 1 between upper mold 2 and

lower mold 3. Pressure Pl for loading to deform is high enough

to form glass material 1 to a desired shape at temperature T2.

20 Glass material 1 is rigid, fragile, and susceptible to

fracture at a normal temperature and may injure the molds.

However, asits temperatﬁre risesup, glagssmateriallisdeclined

in the viscosity. Once its temperature exceeds transition

temperature T3, glass material 1 becomes soft and deformable,

25 The forming apparatus confirms the start of abrupt

digplacement S1 of glass material 1 maintained in its softened

state at setting temperature T2 between upper mold 2 and lower



very close to zero, the form ng apparatus shifts the load for formng

fronpressure P2 to | ower pressure P3. After the pressure decre‘pﬂe trh 003
“tenperature of glass material 1 with upper nold 20 2 and | ower noD §C3 |Z

| owered down by a certain cooling contra& initiated according to a
tenperature decreasing instruction so as not to-interrupt the surface of

and the opt} characteristics of a fornmed product., Pressure P3 may be
equal to ptrrdgs(i?urz’e' PE% %ﬁlémf’ort engf%écﬁﬁélrgatat@q U foHd W Ghe thead for

(ol " i cn Fe SR, EPeRIPrediiiy B, PR il boRPSHER ROGH A=aBu.agp nos

(of which the systlem an chanism i

mterial e dgaheaying dgmeraLl s Th MILGH Lglover 18 GCT 2003 10 '

than transition tenperature out Imjuring

any differeage iy LhapRonlhad nan dpeelou.changey ddLhe, Lherrml, expansi on

-bet ween the formred product and the upper "and Tower lly

be of fset Irp @pphikiRg RIBYAELD tB3 WOLED JSvsLightL hLEL fdan pressure
R St o %

P2. This allows the press formng action to be carr at accurdacy by

the form ng bappaieat b2le@idkath Prddi@ily i se neasurement of the
tenperature of glass material 1 via the upper and lower nolds. As it is

confirmed that Bhetherperat dteiohrelfasabat ebidlodhde deer ééﬁ@:?oﬁ.%dkpée' ow
transition tenperature T3, lower nold 3 together with the form product or

an opti cal pgeeseme by stépedof dowrdnsd e delcrensef (Whencyhindse & After
the optical el enent
unshown system and mechanism) for forming glass material 1 to
10 adesired shape as quick as possible based on the characteristic
of glass material 1.

Frommeasurements of sensor 10 indicating the displacement
of lower mold 3 with time, the speed of deformation of glass
material 1 is calculated and determined. Upon detecting that

15 the force of viscosity of glass material 1 becomes balanced with
pressure P2 or specifically the speed of the .disﬁ)lacement‘ is
very close to zero, the forming apparatus_ shifts the load for
‘Forming frompressureP2 to lowerpressureP3. Afterthepressure
decreases, the temperature of glass material 1 with upper mold

20 2 and lower mold 3 is lowered down by a certain cooling control

| initiated according to a temperature decreasgsing instruction go
asnot tointerrupt the surface of and the optical characteristics
of a formed product. Preasure P3 may be equal to pressure P2,

The forming apparatus is responsive to the temperature

25 decreasing instruction for performing the cooling control (of

which the system and mechanism is not shown) for cooling down

glass material 1 to pre-heating temperature T1, which is lower



is further cooled down to pre -heating tenperature T1, it is picked up by
t he suction and hol ding action of nozzle 13 and transferred 15] Gnqpﬁ'ozggg
12 of rotary table 11. When rotary table 11 is turned to convey the _
optical elenment to the outside of the d-r?parat us, one cycle of the formng
process is conpleted. Industrial Applicability 20 The nethod and the

t f f 0 1 j nt., according.ta the present '
‘nvent i on per ?lrx‘aﬁfé%%?ﬁ&%%r aﬁ%%f@p%%fgﬁ%goy% gqiifggr«gf S shape
f th ti SRR : \

(r)rateriealopd:???{r?éQat he f&?ﬁ%ﬁ?gggggbeﬁg‘o, %\/ﬁl F‘gegﬁg GrELE e 99 s

protected 25 ﬁllié)ﬁhéifﬁh@liéﬁpﬁﬁb@ﬁe%&&n%é?ﬁﬁe&%%olgﬁﬁr%%ﬁ%éﬂlﬁ%‘:"I\i/g .

readily be fornmed to the optical elenent sta

Af or ni ngnetindddbwéer b I@s ek HdxeR f1al 8et 0&9%9£a5§;%$€%%§§ﬁé@u%é al

bet ween a pair-of upper and | ower nolds, neasuring ing a

t enper & ur @3oFhidie imobdsgholeahalpet httg pesssiiBbesd al THQQeL PeL, Wil t he
nol ds, and formng the glass material into an optical elenent, sai

form ng nepmedschrmming agttibe st bpscafriddipuplachBguiheydAshe r@iﬁﬂﬂrﬁi .

between -the upper and |ower nolds heated and naintained at a pre-heating
t enper at ur 8PPRUALHF hreganglesst hef nullds pegetiser mbibubbRegtasss mahgri al ;

A temperature of glass material 1 via the upper and lower molds,

As it is confirmed that thé temperature of glass material

10 1 decreases to below transition temperature T3, lower mold 3

together with the form product or an optical element is lifted

down by the action of the cylinder 9. After the optical element

 is further cooled down topre-heating temperatureT1, it ispicked

up by the suction and holding action of nozzle 13 and transferred

15 intopocket 12 of rotary table 1l. When rotary table 11 is turned

to convey the optical element to the outside of the apparatus,

one cycle of the forming process is completed.

Industrial Applicability
20 The method and the apparétus for forming an optical element
according to the present invention permit a glass material to
be formed to a highly-accurate shape of the optical element
without acquiring the temperature of the glass material during
the formingprocess. Also, whiletheglassmaterial is protected
25 frombeinginjuredaswell as upper and lower molds, it can readily

be formed to the optical element stably.



(c) when a tenperature of the nolds reaches a setting _terrperaj/gg]g]cﬁam
hi gher than a transition tenperature of the glass material, novi4 t

‘one of the upper and lower nolds until the nolds for making a direct
contact between the 15 glass material arfdd the nol ds at a pressure Pl at
which the grass material deforns; (d) nmeasuring a displacenent of the nold

caused by softening and deform ng of gigiygl ass material, applying a
pressure P2 which is greater than th sure P1 whil e neasuring a speed

f 20 def ' t ' nd.confirmn hat a period_of tinme
\%hen a \e/i g(r:g‘sintg _yl _2_;? ftg k@iéﬁg%ﬂ{réac?g fc‘g’ %ﬁgﬁfﬁ%%%t?ﬁg?ﬁziﬁfe“%ffi%t?zmi gas
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the nol ds iamd e5pEREE1H Ay aaﬁwaaé&&reeo%e&ﬂg%gﬂrlo&%skg%éé‘fgipggpggéfgo' down

the glass material, and when the tenperature own ( ® 16
OCT 20038 1maitrearisilt t Ofet BEPOHAHIERe nRARGE! bRg fb%ﬂ&@aé’n%é Pﬁ. afs%rrﬁ%?%téial

pressure; and (g) noving at |east one of the upper ower _
further cdaltiormn dptiichhe Iemeds: 2841 & e ral asSnd i b%€£QS&H§ tlefs I ng
5 tenperature. 2. A formng nethod according to claim™, wherein t

forming of:

(a) placing the glass material between the upper and lower

molds heated and maintained at a pre-heating temperature;
10 (b) heating up the molds together with the glass material;

(¢) when a temperature of the molds reaches a setting
tempefature which is higher than a transition temperature of
the glass material, moving at least one of the upper and lower
molds until the molds for making a direct contact between the

15 glass material and the molds at a pressure Pl at which the grass
:material deforms;

(d) measuringadisplacement of themold caused by softening
and deforming of the glass material, applying a pressure P2 which
is greater than the pressure P1 while meaguring a speed of

20 deforming the glass material, and confirming that a period of
time when a viscosity of the glass material balances with the
bPressure P2 has elapsed;

(e) shifting a pressure from the pregsure P2 to a pressure
P3 which is smaller than the pressure p2;

25 (£) controlling a temperature of the molds in regponse to
a temperature decreasing instruction to. cool down the glass

material, and when the temperature drops down to below the



pressure is gradually increased or decreased at the steps (C)’1§ﬁ T?ﬁm
and (f) depending on the speed of deformng the glass 10 mater A G .
form ng nethod according to claiml1l or 2, wherein the formng pressure is
controlled by an action of an air cyli njd%r and an el ectro-pneumatic
regulator. 15 4. A formi ng nethod according to claim1l, wherein the speed

of def or m rgahke tdlodSse £ i 8 ; f a d of a novenent of
the molds. 20 5. A fornr?% neﬁ%’d ggg%?%?lﬁgz%%QQ%F%Q?%WWWu¥%?
confirmed that the viscosity of the glass material balances with the

pressure P2 in accordance with that the speed of the novenent of the nolds

beconmes zero. 25g6.mdAniphtcrla GHBRIYF g}%gbﬁgr%q{@i&g&g%%(i@%{’!ﬁrqg}%a%gl ass
ntroll'i'ng

mat eri al between upper and | ower nolds, neasuring and coO

t enper at ur eoofl ihhyedowmh dhet o héatandr hEey 1H RS 82 FBY- €L &l LAY T 2003
.13 with the nolds, and form ng the gl ass mat%ri al intoo an%%%teikcl:%%%

el enent3 s&aedpappécaeus conprising: action instructing neans for performng
an action of <controlling the form ng process according to a setting 5
tenperature T2 which is higher than a transition tenperature of the gl ass
material, a novenent Si of the nolds, and the speed
2. Aformingmethodaccordingtoclaiml, whereinthe forming
pressure is gradually increased or decreased at the steps (c¢),

(d), (e}, and (f) depending on the speed of deforming the glass

10 material.

3. A forming method according to c¢laim 1 or 2 . wherein the
forming pressure is controlled by an action of an air cylinder
and an electro-pneumatic regulator.

: 1-5

4. A forming method according to claim 1, wherein the speed

of deforming the glass material is measured from a speed of a

‘movement of the molds.

20 5. A forming method according to claim 4, wherein it is
confirmed that the viscosity of the glass material balances with
the pressure P2 in accordance with that the speed of the movement

of the molds becomes =zero.

25 6. An optical element forming apparatus comprising a glass
material betweenupper and lowermolds, measuringandcontrolling

the temperature of themolds toheat upthe glassmaterial together



of the noverment of the nolds neans for determning a formng preGSére to at
least a pressure P2 for loading to deformthe glass material dnl @CT 2003
pressure 10 P1 which is |ower than the pressure P2; calculating and
controlling means for gradually increasing3and decreasing the formng
pressure dependi ng on a speed of a novenent of the nolds; means for

[ 3 f ' farmn ressure, i s
o ntai nad oy Y ERE ROLAS] Srdf 1BRrRe bhi s bt il Bl AR RN | ng

t he speed @ﬂeh@@an%@ﬁgphﬁ@hﬂéﬁ%éﬂ@dﬁk¥@§ﬂﬁ@Ihe formng pressure is

mai nt ai ned at the pressure P2. 20 7. optical elenent form ng apparatus

according to clacmioch fitdtaicteaipr inshAg %o&ozﬁéﬁ&qﬁ@{gﬁa%%tﬁ.%g goE XL

hol ding and conveying the glass material andthe opti 2 gelem7a ; An
i hroflaimigngt hppaf c ] t o) i
optical el esentroflaimgngtAppaf@imisndCGctdis t @ cehbaigng? t16£ sez%\%g{%

the novenent of the nolds is inplenented by a cylinder
Abstract ofemperBiswieoFar ehibk pseisogliet et | O fird4 tdas, & ditdad and an
apparatus for formng an optical elenment readily and stably by neasuring
a change i AftHee siass vatarjhass maveriealt sndlshagndids daha Shé Apdde
form ng process without injuring the glass naterial and
of the movement of the molds
means for determining a forming pressure to at least a
pressure P2 forloadingto defofm theglassmaterial andapressure
16 Pl which is lower than the pressure P2;
calculatingand conti:olling means for gradually increasing
and decreasing the forming pressure depending on a speed of a
movement of the molds;
means for measuring the movement of the molds while the
15 forming pressure is maintained at the pressure Pl; and
means for calculating and controlling the speed of the

movement of the molds while the forming pressure is maintained

at the pressure P2.

20 7. An optical element forming apparatus according to claim
6 further comprising a nozzle and a rotary table for holding

and conveying the glass material and the opticai element.

8. An optical element forming apparatus according to claim
25 6 or 7, wherein the movement of the molds is implemented by a

cylinder.



its nolds. The apparatus conprises, for heating and formng thQeng
material (1) into a desired shape, an upper nold (2) joined w tﬁbmiﬂ%
menber (15) having heaters 6a built therein, a lower nmold (3) joined with
a heating nmenber 16 having heaters 10 Gb4built therein, a set of an upper

shaft (7), a lower shaft (8), and a cylinder (9) for applying two or nore

level of the forning pressutgeracpods enldphs0io0akdi Ng and conveying the
glass material (1) , a rotary 'fagl e %11§L haangoa group of pockets (12)

provi ded t her el iharpaasefier iaabauliahi BooRide £ N InkNg, Ssed. 18, 0f 2

u
novenent of the nolds, neans for gradually i1ncreasing or 251 g T he

form ng prdssufermingesp@iatid- henepeete 9411 PandRyremit nof dNe, plds to
controlg !tohe form ng process, a sensor (10) for measurl ngltﬁe novene of

the nol d, andhemges ifothepshbpenbigaagTast ehtéPoat hend Q!ié‘ir'f% HOERS, |
according to a 20 setting tenperature which is higher than the transition

t enper at ur &oaf thad qyimisyy pabeebal witlhout thgurovenené fadd@afBlds: a@nd the
speed of the novenent of the nolds.
its molds. The apparatus comprises, for heating and forming
the glass material (1) into a desired shape, an.upper mold (2)
jbined withaheatingmember (15) havingheaters 6abuilt therein,
a lower mold (3) joined with a heating member 16 having heaters
10  6b built therein, a set of an upper shaft (7) , @& lower shaft
(8), and a cylinder (9) for applying two or more level of the
forming pressure, anozzle 13 for holding and conveying the glass
material (1), a rotary table (11) having a group of pockets (12)
providedtherein, means forcalculatingand controlling the speed
15 of a movement of the molds, means for gradually increasing or
decreaéing the forming pressure in response to the speed of the
movement of the molds to control the forming process, a sensor
(10) for measuring the movement of the mold, and means for
performing a controlling the forming process according to a
20 setting temperature which is higher than the transition

temperature of the glass material (1), the movement of the molds '

and the speed of the movement of the molds.



