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F 2. SCM440, SM45C, STS316L2| =M

3-1. £ 7138 (a) BAlY ME, (b) 2O, YME £

Element
s SCM440 SM45C STS316L
C 0.390 0.449 0.024
Si 0.260 0.240 0.483
p 0.018 0.009 0.033
S 0.014 0.003 0.017
Cr 0.910 0.028 16.867
Mn 0.690 0.701 1.924
Ni 0.080 0.020 10.072
Cu 0.110 0.020 0.502
Mo 0.160 - 2.049
H 3. SCM440, SM45C, STS316L9| QA&
Material SCM440 SM45C STS316L
Elongation (%) 12 ~ 17 ~ 40 ~
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H4 S IB B 0ln 72l X HA & XA
Material SCM440 SM45C STS316L
Feed (mm/rev) 0.15 0.15 0.10
Cutting speed (m/min) | 150 /170 / 180 170 150 / 180 / 200
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NZFZ| (7*N) & 7= N
Yes

Yes

BT OEE
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212! 4-4. (a) Conical tip &YXt (b) Vickers tip 22t

H7.Z IE "AOMO 28 37| A U il factor

Cross-sectional shape Circle Square Rhombus
Projected area (um?) 3664.02 3659.17 3659.17
1 Fill factor (%) 14.67 14.67 14.67
Height (um) 8.39 12.22 12.22
Projected area (um?) 6102.31 6101.75 6101.75
2 Fill factor (%) 25.00 25.00 25.00
Height (um) 14.63 15.78 15.78
Projected area (um?) 9033.86 9033.23 9033.23
3 Fill factor (%) 37.00 37.00 37.00
Height (um) 23.11 19.20 19.20
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Pattern shape Circle Square Rhombus

. Average pattern area (um?) 3743.78 3546.27 3822.66
Fill factor (%) 15.33 14.53 15.66

5 Average pattern area (um?) 5778.66 5925.18 6140.48
Fill factor (%) 23.67 24.27 25.15

. Average pattern area (um?) 9108.83 8864.65 9596.93
Fill factor (%) 37.31 36.31 39.31
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8l 4-7. (a) FF 15.33%, (b) FF 23.67%, (c) FF 37.31% C-type I{E

(b) (©)

12l 4-8. (a) FF 14.53%, (b) FF 24.27%, (c) FF 36.31% S-type I
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18l 4-9. (a) FF 15.66%, (b) FF 25.15%, (c) FF 39.31% R-type I{E

a3 4-11. &Y &5 220 SXE (a) FF 15.33% C-type T H, (b) FF 14.53% S-type

I{ &, (c) FF 15.66% R-type IfH
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12l 4-12. (a) FF 15.33%, (b) FF 23.67%, (c) FF 37.31% C-type

8l 4-13. (a) FF 14.53%, (b) FF 24.27%, (c)

8 4-14. (a) FF 15.66%, (b) FF 25.15%, (c)
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In the field of optics, patterns of diverse sizes and shapes play a crucial role in
implementing specific optical properties to products. These patterns are duplicated
through molds to produce products. Molds for optical element can be manufactured
through methods such as precision machining, plastic working, discharge machining, laser
machining, etching, etc., and it is important to manufacture a pattern of an accurate shape
because the pattern of optical element manufactured through the mold is samely
duplicated by the mold. At this time, it is cumbersome to analyze the deformation
characteristics whenever a material for mold, machining method, etc. are developed
because the deformation characteristic varies with the mechanical characteristics of the
mold and the mold machining method. Therefore, it is necessary to find and analyze factors
that are correlated with the deformation characteristics, and research on new machining
methods for manufacturing molds should be continuously conducted. Therefore, this study
attempted to develop a new method for analyzing the deformation characteristics vary
with the ductility and machining conditions of the material when manufacturing a mold
through drilling, and to conduct a study to analyze the deformation characteristics and
optical characteristics of optical elements manufactured through molds when
manufacturing a mold through indentation machining.

When manufacturing a mold through drilling, the dimensions and surface roughness of
the pattern are considered to be important due to the nature of machining that
manufactures a pattern by removing materials, so the diameter and surface roughness of

the inlet/outlet of the hole manufactured through drilling were analyzed. Since the
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diameter of the inlet/outlet may differ from the designed machining diameter due to
destructive behavior and vibration generated during machining when the material is
removed, the dimensionality was analyzed through the increase/decrease rate of the
inlet/outlet compared to the machining diameter. Surface roughness can be calculated
theoretically through tool feed distance and tool radius, but the actual surface roughness
changes due to the influence of the mechanical properties and cutting speed of the
material. Therefore, in order to exclude the effect of the tool feed distance and tool radius,
the deformation characteristics were analyzed by introducing the surface roughness ratio
divided by the measured value by the theoretical value.

The diameter of the inlet/outlet was found to be less than 1% different from the
machining diameter under all materials and machining conditions, and it could be verified
that the dimensionality was excellent. It was found that the surface roughness ratio was
affected by the elongation of the material, which was judged because the elongation was
related to the fracture toughness required for material removal and because it meant the
degree of plastic deformation that occurred until the material was removed. In addition, it
was found that the cutting speed affects the surface roughness by affecting the wear
progress rate of the tool. Through this, it is judged that the surface roughness can be
predicted through the elongation of the material and the machining conditions when
machining the mold.

Indentation machining is a relatively recently developed technology and is a process that
utilizes plastic deformation that occurs by indenting a material with an indenter as a point

pattern. It is known that the optical properties of a point pattern vary depending on the
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cross-sectional shape and size. Therefore, patterns of three shapes were fabricated through
Vickers tip and Conical tip indenter, and a total of nine pattern arrays were fabricated by
selecting three size conditions for each shape.

A material to be used as a mold was heat treated to suppress the pile-up phenomenon
occurring around the indentation during indentation machining, and planing was
performed through ultra-precise machining equipment to make the surface of the mold a
mirror surface. A point pattern with a circular, square, and diamond-shaped cross-sectional
shape was fabricated by indentation machining through the conical tip and the Vickers tip
indenter. As a result of manufacturing an optical element by injecting and curing PDMS
into the manufactured mold, the square and diamond-shaped point patterns showed
constant optical characteristics regardless of their size, and the larger the size of the circular
point pattern, the greater the diffusion area and full width half maximum of light. In this
study, it is expected that these results can produce a mold for manufacturing optical
devices with arbitrary optical properties by calculating the refractive angle of light through

the shape and size of the pattern and the refractive index of the material.
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