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Abstract

Recently, the interest on micro optical parts
has increased rapidly with the development of
technology related to microsystems. Among the
optical parts, micro lens is one of the most
broadly used micro parts. To mass—produce the
micro lenses, it is very effective to use the
mold insert and injection molding process.
There are many methods to fabricate the mold
insert for micro lenses: electroforming, etching,
mechanical micromachining and so on.

In this study, we fabricated the mold insert for
micro lenses using a micro ball endmill to
apply mechanical micromaching method and
analyzed the effect of main process parameters
such as spindle speed, feed rate, dwell time on
the processed surface. Then, using fabricated
the mold insert we fabricated the micro lenses

through injection molding process.
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Fig. 1 Micro Machining System

Table 1 Specifications of the micro machining

machine
Item Unit Specifications
Distance | X/Y/Z Axis mm 200X 200 % 200
Turning speed{ Rpm Max. 60,000
Air bearing
spindle Used tool -
dimension mm ¢$01~60
Turning speed{ Rpm Max. 6,000
. . Radius : <0.05,
Turning | Turning rate m P 4
spindle Axis : <0.05
Radius @ 190,
Strength | N/m Axis : 520
Size mm 220% 220
Table
Allowable
weight N 890
X/Y Axis [mm/min Max. 45,000
Feed rate
7 Axis mm/min Max. 45,000
. Horizontal : <05,
X Axis m Vertical : <06
Straightfor - Horizontal : <0.5,
wardness Y Axis mm Vertical : <0.6
- Horizontal @ <0.0025,
Z Axis M Vertical : <0.0025
. Horizontal : <120,
Strength | X/Y/Z Axis | m/mm Vertical : <250
Repeated .
precision X/Y/Z Axis m <0.1
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Table 2 Measuring instrument of experiment

for cutting force and surface roughness

Workpiece Size 15X 15X 10(mm)

Dynamometer Kistler Co., 9257A2

Amplifier Kistler Co., 5019B130

. NI 6012E
Data Acquisition System DAQCard-Al-16XE-50
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Air-bearing spindle

Tool Dynamometer Work piece

Data Acquisition System
Fig. 2 Experimental apparatus in the micro
machining system
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Fig. 3 Carbide micro ball endmill

Table 3 Dimensions of micro ball endmill

Material Carbide
Helical angle 30°
Number of edge 2EA
Diameter of endmill{d;) 300
Length of cut(ly) 600¢m
Total Length(l)) 50nn
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Table 4 Mechanical propertics and chemical
compositions of workpiece Brass 6:4

Tensile
Strength | Elongation(%)
(Kg/mm?)

Symbol Composition(%)

Cu 62-66, |Fe, Ni,
BsC3 | Zn, Pb 25, | Mn, | 18 over 18 over
Sn 1.0 Al
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Fig. 4 Schematic of micro ball endmilling
for micro lens array mold insert
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Fig. 5 Experimental Set-Up
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Fig. 6 Condition of experiment for
micro ball endmilling

Table 5 Condition of experiment for micro

ball endmilling

res\%lr:ﬁilgn Fezec?xrlaste Dw[ell t:]me Jg rg?f‘]

[rom] | [mm/min] sec {rm]
#1 30,000 30 0 0.12
#2 40,000 30 0 0.12
#3 50,000 30 0 0.12
#4 60,000 30 0 0.12
#5 40,000 40 0 0.12
#6 40,000 35 0 0.12
#7 40,000 25 0 0.12
#8 40,000 20 0 0.12
#9 40,000 30 1 0.12
#10 40,000 30 2 0.12
#11 40,000 30 3 0.12
$#12 40,000 30 0 0.10
#13 40,000 30 0 0.08
#14 40,000 30 0 0.06

#15 40,000 30 0 0.0332

#16 40,000 30 0 0.0086
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Fig. 7 Comparison of spindle revolution

42 154 E9 Bl A% ATAHFEH

z% W olFsmd g sF EWH W
38 AHEr A8 20, 25 35 40mm/minoZ
I @& dAsn A E FIEJSG T
Az ol$&xe Wld uwe ANHE I
& EX07 glE Reg #FEAY. AW
25mm/ming ZANME FIFFEAA gy 7Y
7F kol glojAE A FAF F YN 9
E 43 H99 ol EdAN HFEH T
o] dojute AL 9n gl Fig. 8 o4&
of o3 WAsE vty vehdz

#5) (#6) #7) (#8)
Fig. 8 Comparison of feed rate

43 AAAZLE] Wt g 7tE3EF Y

AAAZE 7HEERA E FFE nFFY)
A AANZEE 0, 1,2, 322 AA/ F F =
e A& 7hedde IR Fig. 94 &
T UKo AAALY FrHAE ETF 7HF
EAL FASA deEtEt ols AAAD Jt
3 ERd 2 9%e /A REe ¥
Fig. 92 A AAe o8 WsE Husq e
Wi et

—-373-



(#2) (#9) (#10) #D
Fig. 9 Comparison of dwell time
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Fig. 10 Cutting force at #10
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Fig. 12 Micro Lens Array Mold

Fig. 13 Experimental Set-Up
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(b)Molded Lens

(2)Mold Insert
Fig. 14 Micro Lens Array Mold & Molded Lens
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Fig. 15 Molded Lens
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