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Development of a Small Radiant Sequential Production System for Aspheric Lens
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The fabrication method of aspheric lens is changed from machining to press molding so as to
imprave the productivity. In the case of the press molding method, the temperature control of the
molding die is most impotent, 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 one work station, the cycle time for the
system is yet too long. The paper shows an improved structure of radiant sequential system in
which the heating and pressing and cooing of dies is done at individual work station so as fo cut
down the cycle time. To know the die internal temperature, numerical results are given using
ANSYS. An experimental radiant sequential system is developed and tested. Finally, the Taguchi
method is applied in order to optimize the setting conditions of individual work station.
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Table 1 Strategy for system minimization and

simplification

» Minimization of chamber internal space
according to maximum die size

 Elimination of the pneumatic arm for
handling lens dies in chambers

« Elimination of upper and lower heating
Chamber | blocks in heating station 1, 2, 3, pressing
Minimi- |station and cooling station 1, 2, 3 of

zation | convective production system

« Elimination of all cooling blocks on the
heating blocks of heating station 1, 2, 3,
pressing station and cooling station 1, 2, 3

» Application of high efficiency insulation
board to minimize chamber wall thickness

« Inserting electrical heating wires in upper
and lower walls of all chambers

Structure

... |+ Elimination of all cooling pipes in all
Simpli-

chamber walls

fication . -
» Application of steel wires to transport lens

dies in chambers at the same time
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Fig. 1 Structure of lens production system
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Fig. 2 Specific design Qf 1ens production system
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Table 2 Thermal conductivity

Thermal
Element Conductivity(K)
joul/(sec*Mm*°C)

Glass Lens 1.22E-3
N, in Chamber 0.739E-3
Die (Upper,Lower,Block,Case,Base) 3.6E-3

I .

nterface‘ between Die Base and 0.739E-3
Lower Die

Interface between Upper-Lower
Die and Die Block 1.812E-3
Interface betw Di k-

S.ter ace between Die Block ‘and 1L097E-3

ie Case
P g

NODAL $SOLUTION GEC 9 2008
STEP=1 16:56:40
SUB =1
TIME=1
TEMP (AvG
RSYS=0
SMN =596, 089
SMX =600

Fig. 4 Temperature distribution of die in radiant system

EE ol 27 g4 Ay UE 2= A
o A &%t Fig. 4 A 28 9F 87 24
E(Fig. 3 F2)Y &5+ 9F 598 C o1, &3
470 2AEY 25+ 9 599° C ot} whahA,
ZzA 222 AZSE 600° ¢ E AoF7] g A
BodsE 8 g R A4 ARYA) %
B} 12° ¢ d A Alojsiel TS &
DO 2A =UF URT 24 A5
, Fig. 3 83 e olA WF A 98 =A
27k 10 C o7l 7] B8 F2E n}
12 7] 988 38 548 vHe=

7%

P oz
T 5]

= K

=

i
P
¢

ol fe R o oo > my = B
rfo

of

Fg u MAAA Bk BE o] A WA

go) o AAE ol Ao}

Fig. 5 & 48% dolux A3e A5d9e
EYAA A9 Aol U@ 2 IR d=
2AES A U@ LEWANA, A= 24

TAE 2EE 100 Z(EE Cycle Time ©]W)ol
400° Coll =3t njHdFoz g5t

AN

FOST26 DEC_ 3 2009
s 18:04:57

VALU g0

Fig. 5 Temperature variation at the lens center
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Fig. 6 Temperature distribution of die in convective
system
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Fig. 7 Temperature variation at the lens center
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Fig. 8 Temperature distribution of a radiant chamber
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Fig. 9 Temperature distribution of an experimental lens
production system
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Table 3 Elements of an experimental system

System Element Specifications
*PID control of temperature (3
zone)

Control System *Thermocouple: "K" type
*Digital V/A meter

Heating Element | *Kanthal A-1 molding heater

. *Ceramic board: ISOLITE 1260 ;
Insulation

Board between chambers: LBK-28
*Motor(220V/3P), wire and. roller
Driving

*950°C

Die Transport

Max. Temp.
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Fig. 11 Experimental lens production system
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Table 4 Work step of Taguchi method

Step Work

« Control parameter(10 elements, 2 levels):

A: temp. of heating station 1(250°C, 300C);

B: temp. of heating station 2(400C, 450C);

C: temp. of heating station 3(500C, 550°C);

D: temp. of pressing station (590C, 610C);

E: temp. of cooling station 1(450°C, 500C);

F: temp. of cooling station 2(300C, 350C);

G: temp. of cooling station 3(200C, 250C);
H:press. force of pressing station(100Kgf, 120K gf);
I: press. force of cooling station 1(50Kgf, 60Kgf};
J: press. force of cooling station 2(30K gf, 40K gf)
* Noise parameter(] element, 2 levels):

N1, N2(die state: good, bad)

« Present conditions: AB,CDEF,G.Hl ),
A(250°C), B(450°C), C(500T), D(590°C),
E(5007T), F(300TC), G(250°C), H(120Kgf),
1{(50K gf), J(30Kgf)

Parameter
Selection

+ L12(2") type of orthogonal matrix
+ Internal side: experiment for two levels of control

Experiment
. parameter
Design i . .
» External side: experiment for two levels of noise
parameter

Experiment |» Defect: number of defective elem. per 1000 lens
Execution |* Recording all experi. results in orthogonal matrix

Optimum |+ SN ratio and average
Conditions |« Optimum condi.: A;BngDlEIFIGzHQLJ] (Flg 13)
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Main Effectof the Rati batween Signal arc Noise

. Smaller-The-Better ..

Control Parameters Optimum Conditions
Temp. of heating station 1 250C
Temp. of heating station 2 450T
Temp. of heating station 3 550C
Temp. of pressing station 590C
Temp. of cooling station 1 450°C
Temp. of cooling station 2 300C
Temp. of cooling station 3 250°C
Press force of pressing station 120kgf
Press force of cooling station 1 50kgf
[Press force of cooling station 2 30kgf

Fig. 13 Optimum lens production conditions
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