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 ri¥14®€tal, e.g. super steel,

which is generally used for fabricating the nolds. Wen the glass materi al
i spress- fornmedThe 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



1 6 OCT 2003 2 to a desired shape in the high tenperature range, its shape
remains at certain accuracy just after the form ng process but
considerably be contracted as the tenperature falls down to ttfh@ﬁsmﬂ%
tenperature, and its dinensional 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 a process of finally <closing the nold during the form ng process. It is
however not easy to directly neasure tHe tenperature of the glass
material. Al so, since the tenperature of the class material may vary
dependi ng upon neasuring | ocations, a technique of controlling the formng
process with the use .of tenperature surenents of the nolds is limted
ﬁéelﬁg
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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:



3 (a) placing the glass material between the upper and | ower nolds heated
and nmai ntained at a pre-heating tenperature; (b) heating up the nolds

together with the glass material; (c) when a tenperature of
reaches a setting tenperature which is higher than a transi tﬂﬁﬂrel"d?oua

tenperature of the glass material, noving at | east one of the upper and

| ower nolds until the nolds for making a direct contact between the gl ass
material and the nolds at a pressure Pl at which the grass materi al
deforms; (d) neasuring a displacement of the nold caused by softening and
deform ng of the glass material, applying a pressure P2 which is greater
than the pressure Pl while neasuring a speed of deform ng the gl ass
material, and confirmn hat a erioieof tine when a viscos%ty of the

gl ass material bal an®ds Rt F-RRhetDBr 8865 MBS S kI RPEEEeR (LRSS PRSIy a
pressure fromthe pressurge 22t a pressure P3 which _is spmaller than the
b essur o PERA {35uEh e BEHR oRat Parin it L PR B s chrofilis 3 nbePtsatedd o o
t enper at ur r i instruction to cool down the glass material, and
when t he tgﬁgﬁgggﬁig%%rops down to below the transition tenperature,

canceling to apply tRe TAEORAGPT 6pSULRe 2RB1HE OLbg2@93r 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



3a (g) noving at |east one of the upper and | ower nolds, further cooling
down the nolds and the glass material to the pre-heating te

According to this aspect of the present invention, the gl asﬁ%mﬁgﬂﬂm
remains not in direct contact with the nolds before its tenperature rises
up to on higher than the transition 16 O C T 2003 4 tenperature T3. Wen
the deformng of the glass material is detected fromthe novenent of the
nold, the formng pressure is shifted to 22 for pronoting the form ng of
the glass material into a desired shapd@ A difference in the contraction
of the finished product and a difference in the contraction of the nolds
due to a change in the thermal expansion adjacent to the transition
tenperature T3 of the, glass material are forceful]y offset b tge ressure
P2. The gl ass materi 8l Wlﬂkgf#n@&%% ooﬁed&qprE%esﬁé’é’@rbygn@. .O‘%’%ssi ng
regardl ess_of direcgt asurenent, of the t erature of the gl ass . material
and withoujfngllr?j%dri?1E e T gl ass i e AR aﬁtgp% hgloﬁocfsds.anf{:e SudSP Bf t he
form ng pr Nye:\Y i.opr d .t he gradual ly increase or
decr ease tﬁ%%%o%rlrﬁ%ng&?pé%%sﬁgg ng;cé&sl oril_’(ségr{ﬁ%ro‘%%&ep%beed of deform ng the

glass material. Thg:Egralifag Presesscpy be,dmdec! esse expensi Ve ient
invention, the glass material remains not in direct
contact with the molds before its temperature rises up to

on higher than the transition



controlling the formng pressure by an air cylinder and an

el ectro-pneumatic regul ator without using a servo nechani sm

deform ng the glass material may be detected fromthe speed13?1l€£ﬁgﬂm1§(ﬁ
the nold. It may be acknow edged that the viscosity of the glass material
bal ances with the pressure P2 when the speed of novenent of the nold falls
down to zero. 16 OCT 2003 5 According to a second aspect of the invention,
there is provided an optical elenent form ng apparatus conprising a glass
mat eri al between upper and | ower nolds4 nmeasuring and controlling the
tenperature of the nolds to heat up the glass material together with the
mol ds, and-gmepemaigrihel i dwemuihe | diombnancbptheaglaes eneberiadi ds
apparatus conprising: action instructing neans for perform ng an action of

cont rol | i iFEEFbriHdy Proodwyengatord fget 80dd, séhei f§ridhPePELEFEIT2

which is hjgher, than a transition tenperature of the glass material, a
novenent Sjrg .cfg‘llfﬁ% ik ,Oﬁnﬁr?%@ﬁgglae o?towggnﬁf-/er@ﬁ IoRSE HEAYRILAS neans

(07 el e NG, AL presou .S Los! ACPLERTLE P2, gE Loadl no
D esaur e B AAS, 00 £OERLLLD TIPS LofeAIAGHA LY cldeas
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.



on a speed of a novenent of the nolds; neans for measuring the novenent of
the nolds while the formng pressure is naintained at the pre dﬁ% %
means for calculating and controlling the speed of the noveneﬁf%gil eZUB
nol ds while the formng pressure is mnmmintained at the pressure P2. 16 OCT
2003 5a The form ng apparatus according to the present invention may

I ncl ude a nozzle and a rotary table for holding and conveying 16 OCT 2003
6 the glass material and the optical elenent, hence allowi ng both of them
to be conveyed by a single mechanism The f orming apparatus of the present
invention may further  enploy a cylinder for driving the nold, hence naking
its 5 structura@c%?FgﬁﬁgneﬁP s?on%Pon§r|@P99€§ch t|GHeofHﬂﬂ?Q§%ﬁﬁmgs
Fig. 1is cross,sectional fraont vi y. part of an apparatus
 of 1 ormAEm bt REYEFEert sﬂewﬁa 19 BR P opre gsont

I nventi on; 2 re aracteristic diagrans _show ng
2"V enper ai SPAPIE g g erhie o fo bt pE PR b, A Arg

process. 'ﬁ&@é&?'ﬁ@a5ﬁ§ﬁhgﬁdﬁﬁ'eBnEQ%1@¥§§”£ﬁ9 EXRQUBNire 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 1is 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.



An enbodi ment of the present invention will be described referring to the
relevant drawings. Fig. | is a cross sectional f ront view of

primarypart of an apparatus f or f orm ng an optical, el errenfl gl{aﬁ-ﬁﬂ]ﬂﬁz
enbodi mrent of the present invention. Figs. 20 2 (a) through 2 (c) are
characteristic diagramshowing a tenperature, a displacenent, and a
pressure respectively in a formng process. An optical elenent formng
apparatus of the enbodi nent of the present invention conprises, as shown
in Fig. 1, upper nold 25 2 made of supe? steel, lower nold 3 made 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 hoIding t he upper

16 OCT 2003 7 nold 2 de. of netal, and | ower hol 5 sec hol di_.ng t he
lover mold 3. Heati nagaﬁerﬁ&eﬁmﬁ%g haspﬁgawera%?agf—nﬁ FurtEs PEGSSRE o de

t hereof are_pro |ded W t h in eater Ga_and ed ta th 2er si de
of i n SRS IS ke BHehios " maBoflsr ik 4 bEPEREN Yakle o

ceramc. Lq by cylinder 9, which has very snal
frictional &ggﬁgtaﬁ%%gc# U%%ggd and downward novenents cl osely through
one side of main frame 14. Al so, another heating nenber 16 is provided
with built-in heaters 6b and is joined at one 10 side to the bottom of

| ower hol der 5 and at another side to the distal end of |ower shaft 8. The

apparatus al so conprises rotary table 11 which can rotate to carry gl ass
material 1 and its finished optical elenent



bet ween the outside and inside of the apparatus defined by mai 5.f
14. It also conprises nozzle 13 arranged novable for suctioni agéaaﬁ?nfﬂﬂa
gripping glass material 1 or the optical elenment to transfer them between
| ower nmold 3 and one of pockets 12. Itéfurther conprises sensor 10 nounted
to one side of rotary table 11 for detecting the displacenent of |ower
shaft 8 or 3. and -pl.ural pockets 12 on rotary_table 11 for
accepting anéﬁggggyﬁ%%ﬁ%ggn%?%‘? ioglt:'fagT ei?'geFFniW gptlPwangdretient .
The action@f &he fiy i tus will now be described referring to
Figs. 1 and 2. Pocket%%gcggbv&gggﬁaﬁqﬂﬁ%ﬁ%%%é%? aYSYocat ed on one side

of the formng appatsiweny SdddfdsbEnlR - glass fRlerial, L Then. rotary

table 11 is turned to convey "glass materia '

14 at an atef®s r£ «ofihpert hn. f ' payatus. 16 .OCT 2003 8
In the forningﬁggpara?us, S%aggﬁﬁaﬁg%?a gleﬁglggg%gd %%ﬁc%nal AFsfErT ed by
nozzl e 43, safruattiogta it mr@rﬂggmtrr%qtﬁ@me%m i's not shown. Meanwhil e, | ower
nold 3 remains at pre-heating tenperature Ti which is | ower than
transition tenperature T3 5 for mnimzing the duration of the tenperature
of glass material 1 rising up to its setting tenperature T2 higher than

transition tenperatureBElefCheseriptdomlos]l dhe DieRriaded. into | ower nold
3. After it is confirned that lower nold 3 is filled with glass 10

material 1, uppEidnoldig amrdemeredtlahsl drenteatied by HastBrsrHpand O
of heating nenbers 15 and 16 according to receiving
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, and a pressure regpectively 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



a heating and controlling instruction, of which the system and [
I S not sgown. As the tenperature of upper nold 2 and | ower nol (;l ?amkzﬂqg

[ ' [ he action of
at setting tenperature T2, lower nold 3 _js lifted up by t
lowfriction cylinder 9 with an el ectro-7pneurrat|c regul ator (not shown) to
hol d gl ass material | between upper nold 2 and |ower nold 3. Pressure Pl

| oadi e ILs high, enou to formglass material | to a desired
fsﬁ;peogt | P %r?%?r gt {?ggei@ﬁ?% fﬁ%g%}as%n Fgmholder i grgurelughtddingdehe

tibl tyre .nornal tepperature and may injure the nolds.
SchJ)\?vg\e/grl, agoit“%sr %Ee)%%e?ét u%a%%?egﬁergggsgam%ﬂ%erlhPéLd&éfcﬂ|fﬁ@éﬁt¢d1 t he

[ ity. [ r eds. transition. tenperature T3, glass
mater yf?&%%&?é%i?ﬁ%%%%ﬁ%%ﬁé?%;ﬂ% s gigﬁtgﬁ’“ibﬁi*ﬁfifiiﬁi .
he start ' : .

tso?thgtrj g?é?lgagt\%stetti ngr?etcig%greatur'g JT‘% e?nv?/errgn UhpEP HolPgas tandiader 16

OCT 2008 9offoheald.- doild#aht hid-F101dP g .appar atus shifts the load for
deform ng from pressure Pl to higher pressure P2 to shape glass material 1

in a short peri Odwehi bkatfbes 8ol Rl by &Pl 160 - 3, wﬁf%ﬁgfr%% PERR Y T2.

Pressure P2 and setting tenperature 5 T2 "are mai ntal ne e of

vi scosity Srigkassaiaterisiande beeemwaba ANLEGwMirh Nd RESETLGE Ao Al1 <} he
time, it is preferable to calculate and control the pressure by steps of

i ncrease ofhgeugbawee Eikeof heinstrafe ad. UnsboWRBEHEMaRd: AEGhARSM for
form ng glass material 1 to :
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.



10 a desired shape as quick as possible based on the characteri strﬁ 06-’- 2003
'glass material 1. From nmeasurenents of sensor 10 indicating the

di spl acenent of lower nold 3 with ti me,Bthe speed of defornmation of glass
material 1 is calculated and determ ned. "Upon detecting that 15 the force

of viscosity of glass material | becones bal anced wi-th pressure P2 or

ifically th . -di spl acenent, is very close to zero, the
fsg(ra(r:n' ng apler at ﬁIsI?sEl #tfg)fl:t 121%] SEEF S-S 0B aﬁﬁg %ﬁﬁﬁ@slf&résP%ElﬁFzggmr
P fit creases, the tepperature of g ,
Pr;f Zf?gf 1%\/1\}?# Iﬁaglp%éﬁr&nr%{cﬁ%%g’zan |1omeP%wB’f“a°§ Fggl Gﬁé?éagdﬁzﬁhwlaw .
t ai |4 C | Wk L i a_tenperature decreasin
RSt ructi on so ety (e 8, SRR AL SPratas Ab Bper bart no

h teri sid furae far wed Sy edu r r . e egual _to pressure
(I;ijIr ‘?'(r:\e formn%?rapslar at usm?ls cﬁples%o%%iw\?g tgg'g%ihgrggﬁpggggu‘?% p?ﬁaé’éﬁgeﬁil ng

: : , . . . q
i nstrucsi ofcfronipbnt of iy el Ber&00bhRE €RL el el u M, ne sysieman
mechani smis not shown) for cooling down gl glgs et er | a?gj}%t 0 rif[5re@1r"|3e% i ng

t enper at ur & Fisimdiught o 9 Heopet t 1 @003 A& @b%ﬁéﬂ@f‘%khh%éﬁé@f%%% ure

T3, without injuring the same. Sinultaneously, any difference in

cont ract i ofciperesurechangeldss mBEeklﬂa&mHse@%ﬂibQﬂeBeirY@?'10%@% hdr gmed
product and the upper and |ower nolds can forcefully be offset by applying
pressure 53P3 which is slightly smaller than pressure P2. Thi s allows the
press form ng action to be carried out at accuracy l?y t_he form ng

appar at us regar AfE8¥ b 1etronkoned thasslvesenbldf3 thefilled with glass

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



tenperature of glass material 1 via the upper and |lower nolds. As it is

confirnmed that the tenperature of glass material 10 1 decrease"; 2 3
“transition tenperature T3, lower nold 3 together with the form prgo[zj!t Qp
an optical elenent is |ifted down by tHe action of the cylinder 9. After

the optical elenent 1is further cooled down to pre -heating tenperature T1,

it i ck b he_ sucti d_hol ding action of, nozzle 13 and .

Hahnglr(r:eﬁ%ng%nth%ogl?ep 15‘%(9?}’ aé%aéfaltils \ﬁd Elrﬁftrﬁt)':]té?‘%/ %%?fzf:f?l Igne
d t | enen t.he outside o e appa u

cycl e of the rar ey soB e BT o uDl i BB e Apsid EABPF €43%D The

presorit | neEneT aaog fé“?%“—éé%%%@f%%%'%%ﬁeg'ﬁﬁgeﬁ%%tp%‘é"i”sdkg elde

present 1 nvention permt a

hi ghl y- aCCléEa%tth%h%lé%p%fratt%%eO&b' cab, gLENRNt po Wt hout, a rgtlé:ag% n}g%%tbur%l l e

-tenperature of the glass material during the formng

the gl ass mtﬁemalmag&ﬁ@ﬁﬁeﬂl%%éf%@é' thboEEa?? oaqsg\;pn%gl el fPeI and

| ower nolds, it can readily be f orrredto e optica n 16 O

CT 2003 1110bAk:MBers béﬁ@mma@gmttmp@gegﬁs@fx@ G an optical elenment for pI aci ng
a glass material between a pair-of upper and |ower nolds, neasuring and

control ling a tatpehattuine othti'@pﬂélﬂ&am&eatcéﬂibﬁlf'@:@a%%scoﬁ@}ﬁi'tf’ﬂe
together with the nolds, and formng the glass material 1into an optical
el enent, sRi&sEurei hy seehod£oimprisisng dihdestrepseof(with the use of an
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



(a) placing .t he gl ass material between the upper and | ower nolds heated

and nmai ntained at a pre-heating tenperature; 10 (b) heating u ﬂ'u 28[]3
together with the glass material; (c) when a tenperature of ﬂm g)(PTS

reaches a setting tenperature which id%igher than a transition
tenperature of the glass material, noving at | east one of the upper and

I ol ty - nekjngra ditect contact .between the 15
gf\gg; mat e??lgﬁpédn%ar%ék}g:l% gie@?é% preé;s'llj'?é iﬁi%g‘f’ CH Y HESr S eri al

Ceforms: ( Simeskidong 1y Wisphaceneahoalud . ol caused due sobigning, and

deform ng of the glass material, applying a pressure er

than the paessig ehBImhi 36 ARSI b@ﬁw@eﬁﬁ:@?edr.ﬁ%m%\ﬁg%fd%w A9 5:?1% Lg?lpa%sqs_le

material, and confirmng that a period of t na Vi scosi

gl ass mat ennd 1bakanaeSdwiddh the-camessHe B2shas B&a&ﬁ?ﬁgﬁ?peéé%%&rieng a

pressure fromthe pressure P2 to a pressure P3 whith''s r an the

pressur®e PE3 @sic¢h)icobtigbbliyngnal Ierpeat gi8s8hrk > NOES 4 51§ §58¢ to
a tenperature decreasing instruction to-cool down the glass material, and

when the t prpesafareing epsidovio be detaived bat akﬁa%ﬁrggg}%glghé rigl tdpn
tenperature, canceling to apply the formng pressure; and (g) moving at
| east one 8PPeKatuppereanddleser abl dde f prebdse caehiugedons the mplLds and
the glass material to the pre-heating 5 tenperature.
temperature of glass material 1 via the upper and lower molds,
As it is confirmed that the 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.



2. Aformng method according to claim1, wherein the forning |
gradual |y igcreased or decreased at the steps (c), (d) , (e) 1%@3;9003
'dependi ng on the speed of deforming the glass 10 material. 3. A form ng
nmet hod according to claim1 or 2, whereiv+ the formng pressure is
controlled by an action of an air cylinder and an el ectro-pneumatic
regulator. 15 4. A form ng net hod acc%i}g% to claim1, wherein the speed
of deform ng the glass naterial is ne froma speed of a novenent of

h | ds. 20 5. I rding to clai , Wherein jt is
conirmed that THe v soearrir Y R TR %m;a?ii;”sﬁsweag Giiplechss
P2 d : ] (. e e Vv n 0
ecomms zers P B bt Y e 3 3 A 5P L e S 20 g1 s

meterial betiteosnupBen 18Rt IiRie IS SFRERUIGARd g0t nol Ling the

tenperature of the nolds to heat up the glass material toge

.13 wi th t retenlidd, tagethermiing the n1a8S B4 $@l dodtRe 'ia%%trh&?éri% .
el enent, said apparatus conprising: action Instructi'ng ans for pertorm ng

an action dhtocombpolbaig ldieeritor 8 0@ FRLAG ASSnAGEY QbﬂﬁriQiﬁg%?ltet#@%?5
tenperature T2 which is higher than a transition tenperature”of the ass
materi al, @fnovenent Si of the nolds, and the speed of the novenent of the

ol ds (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



means for determning a formng pressure to at |least a press
| oading to deformthe glass material and a pressure 10 Pl Wmulﬁ Kﬁﬁgmm

than the pressure P2; calculating and controlling neans for gradually
i ncreasi ng and decreasing the formng &%ssure dependi ng on a speed of a
novenent of the nolds; neans for neasuring the novenent of the nolds while

the 15 f OrHamg iRMHe%SHEBHd S -1t Al e ssure P1:, and neans for
cal cul ating and cont rolrlﬁbi ng %Eﬁlg 'spéggg(]i?hlgt#e}) ?%é%ﬁ%ﬁ?q‘:&rqlﬁg%?%%u%i | e
the form ngn@gressure is maintained at the pressure P2. 20 7. An opti cal

el enent form ng apparatus according to claim 6 further conprising a nozzle
and a rotary tatg® doviiphdiTegsrose ceviy LBENRD] 355, RIS B And Lhe
i g claim

optical elenment. 8. An optical elenent formng apparatus acco

25 6 or 7, cubedepmisine thRMRODAS 0kt £hE IMBloiPmh Bet TRLAIPELED Y. 1a il NdET
16 OCT 2003 14 Abstract of the Di sclosure The present 1nverition provides a

met hod andtenmpeppénaeus for form ng an optical elenment readily and stably
by neasuring a change in the shape of a glass material and using its data
5 for the form ng process without injuring the glass material and its
‘ol ds. The apparatus conprises, for heating and formng the glass material
(1) into a desifed Sprptngwatbpdarcamidin®yo cjlaimad whéhe on hbatidirrnber
(15) havi nlg heaters, 6a bujlt therein,

ressure 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



a lower nold (3) joined wth a heating nenber 16 having heater E?Ebu
therein, a seg Lf an upper .shaft (7), a |lower shaft (8), and 3 éyﬂ

(9) for applying two or nore level of the formng pressure, a nozzle 13
or holding and conveying the glass nmateridl (1) , a rotary table (11)
havi ng a group of pockets (12) provided t herei n, means for calculatrng and

control | i ng;itherrregshds fndr ﬁﬁnrzhg 1de. mlds.. qea P,igr OI%EL[ t%g d of

increasing or decreasing the g pr sure I'n respo

t he nnveneubm@htth%am@r*@ﬁd%égyyraym Jmng process, a sensor (10)
for neasuring the novenent of the nol means for perforning a

control I'ing theab@ﬁﬁmngjﬁﬂxﬁﬁﬁﬁﬁgC@éghggﬁa%Ebé%%é#ﬁl gaﬁegB%E%Lwe mhrch
is higher than the transition tenperature of the glas nater )

noverment ofonheoidlids, thed fdemspgehicddie BRVW@FBNLLOf Hh am:géjcctlng

03
f

5 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 forloadingto defofm theglassmaterial andapressure
10 Pl which is lower than the pressure P2;
calculatingand conti:olling means for gradual 13./' increasging
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.





