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Ultra-precision cutting of Plastics for Optical Components
by Elliptical Vibration Cutting
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T. Moriwaki{Mechanical Eng. Dept., Kobe Univ)

ABSTRACT

In the present research, a ultra-precision diamond cutting of thermeo-plastic materials, polycarbonate (PC) and cyelie
olefin polymer (COC), is carried out by applying a method named ultrasonic elliptical vibration cutting developed by the
authors. It is experimentally proved that good optical surfaces are obtained by applying the elliptical vibration cutting in
cases of machining of flat surfaces and grooves as compared with the conventional diamond cutting. The maximum surface
roughness in peak to valley value obtained is less than 60 nm and 20 nm for PC and ZEONEX, respectively.
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Table 1 Physical properties of plastics

Material PC cCoC
Tensile strength MPa | 58.8-68.6 45
Elongation % | 90-140 60
Young’s modulug GPa 2.1-2.5 1.9-2.5
Vickers hardness HvV 13 15
Deflection temperature under
load of 18.6 kI;ﬂcm2 ¢ | 132140 103
Thermal conductivity W/{m-K) 0.19
Permeability %o 85-91 92
Refractive index %o 1.59 1.51
‘Water abzorption %o 0.2 =0.01

Table2 Experimental conditions of elliptical
vibration cutting

Workpi ece PC, COC
Material Single crystal diamond
Rake angle 0°
Tool Relief angle 10°

Nose radius 1.0 mm (face cuf)
Cutting edge angle | 117 ° (V groove)
Cutting speed 0.25 m/min

Cutting |Depth of cut 1,10 pm

conditions | Feed of face cut 10 pm
Feed of V groove [100 pum

Vibration Locus Circle
conditions Frequency 19.8 kHz
Radius 1.0 pm
Cooling condition Dry
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Fig. 3 Micro photographs of finished surfaces
machined by conventional cutting
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Fig. 5 AFM images and feed direction profiles of finished
surfaces machined by conventional cutting
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Fig. 6 Cufting direction profile of finished surfaces of COC
machined by conventional cutting
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Fig. 7 AFM images and feed direction profiles of finished

surfaces machined by elliptical vibration cutting
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Fig.8 Cutting process of dissymmetrical V groove
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Fig. 9 Micro photographs and cutting direction profiles of dissymmetrical V grooves by conventional cutting
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Fig. 10 Micro photographs and cutting direction profiles of dissymmetrical V grooves by elliptical vibration cutting
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