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Research on Detection of High-Order Aspheric Surfaces Using Double
Spherical Reflection Compensation
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Abstract This study proposed a design method for a double spherical reflection compensation detection system to detect
the surface accuracy of a large aperture high-order aspheric surface. A spherical surface tangent to the edge as the best-
compared sphere was selected. The aspheric gradient and normal aberration of the high-order aspherical mirror was also
fitted with an outer diameter of about 860 mm and a middle hole of about 200 mm. The formula of the compensation
detection system was derived using the three-stage aberration theory, and was utilized to calculate the initial parameters,
analyze the compensation effect, and improve and optimize the final structure. The wavefront root mean square of the
system was less than 1/904 by optical software simulation, and 98% tolerance analysis results revealed that the wavefront
is less than 1/401, which meets the actual detection requirements. This method can solve the problem of inability to detect
high-order aspherical mirrors to be inspected.

Key words optical design; compensation detection; double spherical reflection; third-order aberration
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Fig. 1 Three-dimensional surface of high-order aspheric
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Table 1  Structural data of initial system

Surface No. Radius /mm Thickness /mm Semi-diameters /mm Conic Glass
0 - 800 - 0 -
1 123. 541 —93. 662 50. 680 0 Mirror
2 222.355 1673. 505 130.702 0 .
Mirror
3 —1252. 100 - 429.974 0.578

Wavefront Function

20227372

0.6328 pum ar 0.0000 (deg)

Peak to valley = 6.0082 waves, BMS = 0.956% waves,
Surface: Image

Exit Pupil Diameter: B.9787E+001 Millimeters

CSXT.zmx
Configuraticn 1 of 1
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Fig. 5 Wavefront diagram of initial detection system
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Table 2 Structural data of compensation detection system

. . Semi-
Surface  Radius /  Thickness / . .
diameters / Conic  Glass
No. mm mm
mm
0 - 500 - 0 -
1 173.444  —249.797 50. 759 0 Mirror
2 453. 264 742.469  218.210 0 Mirror
3 9.150 2.328 2.458 0.578 K50
4 8.579  1261.769 2.698 0
2 —1521. 100 430. 000 0
=
- H“"“R_H

K6 kA I &R ZTOL B 1K

Fig. 6 Light path diagram of compensation detection system
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06328 pm at 0.0000 (deg)

Peak to valley = 0.0647 waves, FM3 = 0.0096 waves.
Surface: Image

Exit Pupil Dlameter: 1.1B16E+002 Millimeters
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Fig. 7 Wavefront diagram of compensation detection system
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Fig. 8 Spotdiagram of compensation detection system
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Scale: 104.0000 Millimeters

Aperture Diameter: 101.5187 % rays through = 97.88%

Footprint Diagram
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Fig. 9 Light trace diagram of compensation detection system
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Table 3 Manufacturing tolerance parameters

Radius of Angle of ) Surface
T Thickness / .
Lens curvature / inclination / irregularity /
mm ) A
Compensat
+0.05 +0.01 - 1/20
or lens 1
Compensat
+0.05 +0.01 1/20
or lens 2
Filed lens +0.01 +0.01 +0.01 1/20
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