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The Characteristics on Ultra Precision Machining for Infrared Optical Materials
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In nowadays, the infrared optics is frequently employed to various fields such as military,
aerospace, industry and medical. To develop the infrared optics, special glasses which can
transmit infrared wave are required. Ge(Germanium), Si(silicon), and fluoride glasses are
typically used for material of the infrared optics. Compared with Ge and Si glasses, fluoride
glasses have high transmittance in infrared wavelength range. Additionally, UV(ultraviolet) and
visible light can be transmitted through fluoride glasses. There characteristics of fluoride glasses
makes it possible to evaluate optical performance with generally used visible testing equipment.
In this paper, we used design of experiment to find ultra precision machining characteristic of Ge
and fluoride glasses and optimized machining process to obtain required form accuracy of P-
V(Peak to Valley) 0.2 um.
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Table 1 Experimental condition of Germanium

Parameters Cutting Condition
Work piece Germanium
Cutting speed (m/min) 131, 155, 179
Feed rate (mm/min) 2,5,10
Depth of cut (xm) 1,5,10
Tool rake angle (°) -15, -25, -45
Nose radius (mm) 1.0
Cutting fluid Mist
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Fig. 2 Residual model diagnostic for surface roughness of
Germanium

Main Effects Plot (data means) for Roughness(nm)
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Fig. 3 Main effect plot for surface roughness of

Germanium
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Interaction Plot (data means) for Roughness(nm)
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Fig. 4 Surface roughness versus tool angle, cutting speed,
feed rate and depth of cut(Germanium)

Surface Data

Fig. 5 Measurement roughness of aspheric Germanium
lens

Table 2 Experimental condition of fluoride glasses

Parameters Cutting Condition
Work piece LiF, BaF, , MgF,
Cutting speed (m/min) 173, 204, 235
Feed rate (mm/min) 2,5,10
Depth of cut (ym) 1,5,10
Tool rake angle (°) -15, -25, -45
Nose radius (mm) 1.0
Cutting fluid Mist
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Fig. 6 Residual model diagnostic for surface roughness of
fluoride glasses
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Mhin Effects Plot (data means) for Rouglness@m)
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Fig. 7 Main effect plot for surface roughness of fluoride

glasses
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Fig. 8 Surface roughness versus tool angle, cutting speed,
feed rate and depth of cut (fluoride glasses)
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Fig. 9 Measurement results of surface roughness of

aspheric MgF, lens
4. Mo b|FH A=o =FPUIIE X £5F

4.1 A 20k H|+H =2 FFIYIIZ U £F
2 ATl E 3 FelA Mg A=Zntg 23
9 7 5A4E o83 A9 FEA v
nhg AZE Fig. 10 3 9] Freeform 700A
Qgom UA3P & o83 A AYLEE 3
2k gk A3} Fig. 11 3} o] dA AUE pv
(Peak to Valley) 0.099 um & A3E 218 5 Ak

i rE lo
NN B

ol i o

o2 ok

-

Fig. 10 Picture of ultra precision machining of aspheric
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Fig. 12 3D measurement data of aspheric LiF lens
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