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Using an IR (infrared) optical system of observation and research were performed long before.
Nowadays satellites equipped with IR optical system observe the earth and universe. In this
paper, we developed the IR optical system for main payload of the STSAT-3 (Science and
Technology Satellite -3). We studied the ultra precision machining technique to fabricate FPL-53
lenses which is the IR optical material for space observation camera of the STSAT-3. DOE
(Design of Experiment) was used to find best machining characteristic for FPL-53. Finally we
fabricated FPL-53 aspheric lens with the form accuracy of P-V 0.36 um.
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Table 1 Property of the FPL-53
I Optical Properties

Refractive Index ng 1.43875
Abbe Number Va4 94,93
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Fig. 1 Freeform 700A(5-axis Freeform generator)

Fig. 2 Surface roughness measurement system (NT 2000)
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(Ultra high Accurate 3D profilometer)©] TF. UA3P & &
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Fig. 3 Photograph of measuring instrument (UA3P)
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Table 2 Experimental condition

Item | Cutting condition B
Material FPL-33
Cutting speed (m/min) 103,122, 151
Feed rate (mm/min) 3,5,10
Depth of cut (um) 1,5,10
Tool rake angle (°) -10, -15, -25
Nose radius (mm) 0.5
Cutting fluid MIST
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Fig. 4 Work-piece for test

Fig. 5 Ultra precision machining of theFPL-53 saple
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(d) Residuals versus the order of data
Fig. 6 Residual model diagnostics for surface roughness [nm]
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Fig. 7 Main effects plot for surface roughness
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Fig. 8 Interaction plot for roughness
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Fig. 9 Measurement of burtace roughness by NT2000

Table 3 Optimism condition of ultra precision machining

FPL-53
Material FPL-53
Nose radius of tool (mm) 0.5
Cutting speed (m/min) 151
Feed rate (mm/min) 3 B
Tool rake angle ( ° ) -25
Depth of cut (um) 1
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Fig. 10 Ultra precision machining FPL-53 aspheric lens
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Fig. 11 Surface measurement data of aspheric lens by
NT 2000

Fig. 12 Form accuracy measurement of aspheric lens
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Bestfit R = 54.161949 (mm)

Bestft R data

UA3P/Panasonic

Status R.M.S =0.1112 {um) P-V =0.3628 (um)

Fig. 13 Measurement data of aspheric lens by UA3P
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