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On-Machine Surface Shape Measurement of Reflective Mirrors
by Ultra-Precision Turning Based on Fringe Reflection
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Abstract As for the problem of long machining and measurement iteration cycle of metal reflectors by the single
point diamond turning, the fringe reflection method with a large dynamic range and fast detection speed is
introduced, and the on-machine surface measurement of metal reflectors is realized, which improves the
manufacturing efficiency. The mechanism of surface shape measurement based on fringe reflection is investigated.
By the ray tracing program, the simulation is conducted as for the reflector surface with an aperture of 100 mm and
the micron-sized requirement of position calibration in the fringe reflection on-machine surface shape measurement
system is analyzed. The on-machine measurement of concave spherical metal reflectors with an aperture of 100 mm
is carried out, and the measurement precision is superior to 1 pm. This research provides a certain reference for the
machining of reflector by the single point diamond turning.

Key words measurement; fringe reflection; diamond turning; on-machine surface shape measurement; position
errors
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Fig. 1 Schematic of fringe reflection measurement principle
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Fig. 4 Simulation results of relative angle errors of screen.

(a) 0.1° of x-axis offset; (b) 0.1° of y-axis offset; (c¢) 0.1%f z-axis offset
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Table 1
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Position error analysis table of concave spherical reflector
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RMS of residual error /pm
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0.1° of x-axis offset (screen)

0.1° of y-axis offset (screen)

0.1° of z-axis offset (screen)
0.1 mm of x-axis offset (camera)
0.1 mm of y-axis offset (camera)
0.1 mm of z-axis offset (camera)
0.1 mm of x-axis offset (mirror)
0.1 mm of y-axis offset (mirror)

0.1 mm of z-axis offset (mirror)

2.489687287737 X 10"
2.483736742539X 107"
3.481779043344 X 10 °
6.291991034222 X107
1.911075158754 X 10*
2.124997950814 X 10" *
2.261439248562X10°°
2.480388066268 X 10 *
3.975585121739 X 10 *

2.908146299923 X107 *
3.089535644723X107*
5.472401813738X 10 *
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1.269188565282X 10 °
1.371468605605X 10 °
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1.896935288569 X 10 '
7.124433673263X10°°
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3.062183538854 X 10 °
1.195176600554 X 10*°
1.185302270680X 10 *
7.569519908300 <10 °
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Fig. 9 Distributions of reflection fringes collected by camera.

(a) Sinusoidal fringe in horizontal direction; (b) sinusoidal fringe in vertical direction
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Fig. 10 Phase unwrapping. (a) Horizontal direction; (b) vertical direction
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