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The fabrication method of aspheric lens is changed from machining to press molding so as fo
improve the productivity. In the case of the press molding method, the temperature control of the
molding die is most important, because the temperature of each molding die determines the
quality of lens. But any practical method for direct measuring of the lens temperature and the die
internal temperature is yet unknown. Besides, in the case of the press molding system in which
the heating and pressing and cooing of a die is done at separate work stations, the lens
productivity of the system for smali lens is yet too low. The paper shows an improved structure of
convective sequential system, the lens productivity of which is three fimes as many as the
conventional convective system. To know the die internal temperature, numerical results are
given using ANSYS. A new convective sequential system is developed and tested. Finally, the
Taguchi method is applied in order to optimize the sefting conditions of individual work station of
the system.
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Table 1 Comparison of lens fabrication method

Dacho Tech Matsushita | Toshiba
Die Heating | Conduction | Radiation | Conduction | Radiation
Servo
Pressing Motor/  |Pneumatic{ Pneumatic Servo
Actuator | Pneumatic | Cylinder | Cylinder Motor
Cylinder
. . Pneumatic i . Electric
Die Handling . Stee] Wire| Pneumatic .
3 Axis . 6 Axis
In Chamber Conveyor {3 Axis Robot
Robot Robot
Number of ) ‘
6(1st step)/ | 6(1st st.)/
Lens per Cycle 2 1
) 12(2nd step)|12(2nd st.)
Time
System Price | Medium Low Medium High
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Fig. 1 Structure of lens production system
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Fig. 5 Modeling of heat transfer resistance at surface
contact
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Table 2 Thermal conductivity

Thermal
Conductivity(K)
joul/(sec*Mm*°C)
1.22E-3

0.739E-3

Element

Glass Lens

N, in Chamber

Die
(Upper,Lower,Block,Case,Base)
Interface between Die Base and

3.6E-3

0.739E-3
Lower Core

Interface between Upper-Lower
Core and Die Block

Interface between Die Block and
Die Case

1.812E-3

1.097E-3
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Fig. 6 Temperature distribution of the die.type A
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Fig. 7 Temperature variation at the lens center

Fig. 8 & % A 7] €58 400° ¢ &
AAsta, UHe 59 270 g 4
ojt), 28 HAA2EE ¥=2 F3 99 FAHEI
A 4700 ¢ B ol Aol HlE ®ol Fsa,
A2z &5 9A 499~513° C & IAA 45H
& & 5 Ik

" NODAL SCLUTION

HAY 24 2008
18109449

Fig. 8 Temperature distribution of the die type A
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Fig. 9 Temperature distribution of the die type A
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Fig. 11 Temperature variation at the lens center
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Table 3 Specifications of developed system

Test Items Specifications| Test Method
Cycle Time 100 (sec) Test Run
Pose Repeatability *1 (um) 1S09283
Deviation of Axis Z from
a Right Angle E1Gm) | 1509283
Deviation of Heating +1(m
Block (e 1509283
Surface from a Plan /50mm)
Temp. Deviation of
Heating +2(C) Test Run
Block Surface
Oxygen Density in
Chamberty 3 (ppm) Test Run
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Fig. 13 Temperature control structure

Fig. 14 Developed system
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Table 4 Work step of Taguchi method
Work

* Control parameter{10 elements, 2 levels):
A: temp. of heating station 1(250C, 300C);
B: temp. of heating station 2(400C, 4507C);
C: temp. of heating station 3(500°C, 550°C);
D: temp. of pressing station (590C, 610C);
E: temp. of cooling station 1(450°C, 500°C);
F: temp. of cooling station 2(300°C, 350C);
G: temp. of cooling station 3(200TC, 250C);
H: press. force of pressing station(100Kgf,
Parameter |120Kgf);

Selection |I: press. force of cooling station 1 (50Kgf,
60K gf);

I: press. force of cooling station 2(30Kgf,
40K gf)

* Noise parameter(l element, 2 levels):

N1, N2(die state: good, bad)

* Present conditions: A;B,;C,D\E,F,G H.Li ],
A(2507C), B(400T), C(550C), D(590C),
E(4507), F(300C), G(200C), H(120Kgf),
I(50K gf), J(40K gf)

* L5(2") type of orthogonal matrix

+ Internal side: experiment for two levels of]
control parameter

Experiment

Design . . . |
* External side: experiment for two levels of

noise parameter

* Defect: number of defective elem. per
Experiment|1000 lens

Execution |+ Recording all experi. results in orthogonal
matrix

. * SN ratio and average
Optimum | - condi.: AB;C,D:E,F,GH,1,J
Conditions ptunum  condt.: JLoIAS) DT wAR 1 5] » 3 AP0

(Table 5)

Table 5 Optimum lens production conditions

Control Parameters Optimum Conditions
Temp. of heating station 1 250C
Temp. of heating station 2 400
Temp. of heating station 3 550°C
Temp. of pressing station 6107C
Temp. of cooling station 1 450C
Temp. of cooling station 2 300C
Temp. of cooling station 3 2507C

Press force of pressing station 100kgf
Press force of cooling station 1 50kgf
Press force of cooling station 2 40kgf
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