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Ultra-precision Grinding Optimization of Mold Core for
Aspheric Glass Lenses using DOE and Compensation Machining
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ABSTRACT

The aspheric lens has become the most popular optical component used in various optical devices such as digital
cameras, pick-up lenses, printers, copiers etc. Using aspheric lenses not only miniaturizes and reduces the weight of
products, but also lower prices and higher field angles can be realized. Additionally, plastic lenses are being changed to
glass lenses more recently because of low accuracy, low acid-resistance and low thermal-resistance in the plastic lenses.
Currently, one fabrication method of glass lenses is using a glass-mold method with a high precision mold core for mass
production.

In this paper, DOE (Design Of Experiments) and compensation machining were adopted to improve the surface
roughness and the form accuracy of the mold core. The DOE has been done in order to discover the optimal grinding
conditions which minimize the surface roughness with factors such as work spindle revolution, turbine spindle
revolution, federate and cutting depth. And the compensation machining is used to generate high form accuracy of the

mold core.
From various experiments and analyses, we could obtain the best surface roughness 5 nm in Ra, form accuracy

0.167 umin PV.

Key Words : Aspheric lens (8] 7 @ =), Compensation cutting (3.7 7+&), Design of experiments (2 g A & 1),
Form accuracy (84 2 X&), Ultra-precision machining (23 2 7})

1. A8 120 e £87F 22 F748tn AeH HEo

A= n3E3 Fo FAH A5PHY 8

F&£8 AgeAS o A7), gAY 5+ FE AXT Yl ojHF 8TFFFHE YHAME
f2tg BES A4 S¥717), FHEY, T2, FHAZY nFAY ZeAgAZAM {YA
FuAsl Balyl 2 ZAE T 2HY FARE 229 W Mo B, o} uTH A=

A4 2007d 149 129 AAEYY:2007d 349 209
#xgried

AAA2}: dLFgA Y AFA S8 A

E-mail: yclee@yc.ac.kr Tel. (055) 751-2071

ﬁt*q

45



A%Y - ol g -

ol¥d - FeA - FAHZE : BIALIGHA) A1 W Az

g AdsA dFRAE £ de wHd 23"
AYg FY30] AFZTY HYrigo] Huglol
=3

2 gYgd ATFEopNA AgUAAL 54X
o] A3BAE adHoz EMEy] Hstd A
7 8 ¥ (design of Experimetns; DOE)E A& ¢ 31
At AFAHYL i HAY HAFoA Hojg
FRE ¥& ¥ JdE FFE A

el B dFdME uFEfEHA=R HYE
FE 3 A oM EEAY7IS FHYAE
T FAL A AdAEES 2ANIEHE =
dach AFAEHAE FFPIAE IAHE
g o EHAAC FFE w4 7HA A=A,
Z FEIAEE, HUIHSE, oJFSE 2gn
AatgdolE FAWFE He, 2 QA HE &
o] A9 EUAAE 98 5 e d4=zd
< FEA o] WyHes T HHAANZHE A
£ AMIHEE YT A FEHEY IJAF
Az daeEe FFAMANAY FHELXZ &
Aste Latg 718ASH BEARNEE AN, EX
2 3l FAYE FEd og WA ¥E- $335)
o nALEY FPIFE AFY F v 2AE
Ax7rF e HHaE ALt

2, AlEEH 2 oY

2.1 A EFH

E dydMEe fedz JYE 2o FE
e 2L AAFFo] e 2AYHEIN(YE,
Nachi-Fujikoshi A}, ASPO)E ALE31ATH & 7137
2 1Y HAY Sgtol=rt A YHE FF8
3% 137IEA FAY wogd s TEH
B % Rotary Table o] 37] El%l 2¥Eo| 3 s
H| 7R 71Fo] sbed 2AANF7I0IT g
ol YAAFYEE 1 nm 9] ALEE 7HAH, Al
7}% A7 150mm & FFHE HFo] JbEsith <t
Wmol 52 AC Servo Motor o] &3] 7EET
ZAYNE7) = 2 E(Class 10,000)8] 2o A
Aol FHLE N+ITE 4ASA HFAst2,
AEol A% 4FE Wiy Y3td &5 HAL
ARG Yol AT HFE 23HFY ®Y
AdZlg FA%7 st =AY AR/KFH 3D
FAZE A 7)(Y &, Panasonic A}, UA3P)E A48 % Th.

Fig. 13} Fig.2 & & A7 A4d 23UNT

L0 e o

46

7% 23VA%SY 3D YAERNE 47 ue
Wi},

22 NEAEY
g A7 A8E TR AL fYR=

Fig. 1 Micro-lens process machine
(Japan, Nachi Co., ASP01)

Fig. 2 Ultra-high accurate 3-D profile-meter
(Japan, Panasonic Co., UA3P)
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Table 1 Factors and levels for experiment

Factor Low Level (-)|High Level (+)
Work Spindle (rpm) 200 300
Turbine Spindle (rpm) 30,000 50,000
Feedrate (mm/min) 0.25 1.5
Depth of Cut (¢m) 0.1 1.0

Table 2 Experimental points for experiment

Experi- Factors

mental Work Turbine | Feedrate | Cutting

points spindle | Spindle depth
1 - - - -
2 + - - -
3 - + - -
4 + + - -
5 - - + -
6 + - + -
7 - + + -
8 + + + -
9 - - - +
10 + - - +
11 - + - +
12 + + - +
13 - - + +
14 + - + +
15 - + + +
16 + + + +
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Fig. 3 Block diagram of compensation machining
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Table 3 Results of surface roughness according to cutting
conditions
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Fig. 4 Pareto chart of standardized effects

Table 4 Analysis of variance (ANOVA)

Source DF Seq SS Adj SS Adj ¥S F
Hain Effects 3 10,2856 10.2856 3.42854 171.84
3-tay Interactions 1 0.1743 0.1743 0,17431 8.74
Residual Error 11 0.2195 0.2195 0.01995

Lack of Fit 3 0.0877 0.0877 0.02924 1.78

Pure Error 8 0.1317 0.1317 0.01647
Total 15 10.6794
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Fig. 6 Cube plot for surface roughness Ra(nm)
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Fig. 7 Experimental results of 1st machining
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Fig. 8 Experimental results of 2nd machining
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Fig. 9 Experimental results of 3"(final) machining
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Fig. 10 Profile of form accuracy & surface roughness

Fig. 10 ol 9o 2& 3407 2AN3e

Y I E YE Panasonic A+Y =AY 3D A&
AHLEA7I(UAIP)E ol 83lY S8 gagd
= BUAYY] z2od g Yehid e, Fig 11
de BAF &) 7}FE uTFHAZ HYP$
T8 3Folg ALNE At

ZAE ¥TEAFAAM X F FAAALAY
R 4238 &4FT & RANTL AN ss o
do] WERBHYIFAIE S FYFoNN A



N - olgd - o]Fd - AHA - D FTALIHRIYA A4 A A6x

A5 #AAAA BEE e 2THYUEE E2F
Al7lE nEAY 830 71Fo] st

Fig. 11 Photograph of mold core
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