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Catadioptric Testing of Large Aperture Convex Hyperboloid Surfaces
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Abstract In the testing of convex hyperboloid surfaces, the required auxiliary mirror is too large to manufacture. A
new method of testing is proposed herein to solve this problem. Based on the Hindle test, the correcting lens and
the spherical mirror produce a ray that has no aberration and is incident to the test surface. The distance between
auxiliary mirror and hyperboloid mirror is short. This reduces the aperture of the auxiliary mirror, while the
effective aperture does not reduce. The formula is derived based on the third-order aberration theory. A test optical
system is designed, wherein the aperture of the mirror being tested is 800 mm, the vertex radius is 1800 mm, and
the conic constant is —2.25. The peak-valley value of the residual aberration is 0.00031 (A =632.8 nm), and the

root mean square is 0. 0001A. The analysis shows that this method can be used to test large aperture and large

relative aperture convex hyperboloid surfaces with a small auxiliary mirror and short length.
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Fig. 1 Hindle testing for the convex hyperboloid surface
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Fig. 2 Catadioptric testing for the convex hyperboloid
surface. (a) Schematic diagram; (b) layout of

actual optical path
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Table 1 Structural parameters of actual testing optical path

No. Type Radius /mm Thickness /mm Glass Diameter /mm Conic
OBJ Standard Infinity 506.48 - - 0.00
1 Standard —79.76 12.59 K9 110.00 0.00
2 Standard 430.00 1.72 - 110.00 0.00
3 Standard 165.38 17.32 K9 127.00 0.00
4 Standard 158.73 461.06 127.00 0.00
5 Standard —1440.00 —720.00 Mirror 641.00 0.00
6 Standard —1800.00 720.00 Mirror 800.00 —2.25
STP Standard —1440.00 —1720.00 Mirror 1467.00 0.00
8 Standard —1800.00 720.00 Mirror 800.00 —2.25
9 Standard —1440.00 —461.06 Mirror 641.00 0.00
10 Standard 158.73 —17.32 K9 127.00 0.00
11 Standard 165.38 —1.72 - 127.00 0.00
12 Standard 430.00 —12.59 K9 110.00 0.00
13 Standard —79.76 —506.48 - 110.00 0.00
IMA Standard Infinity - - - 0.00
&5 U wT
Fig. 5 Wavefront map
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Fig. 3 Layout of optical path W s =0.0001A .
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Table 2 Errors of main parameters

Parameter Value
ri+Ar /mm —79.75+0.05
ro+Ar /mm 430.00+0.25
ri+Ar /mm 165.38+0.1
r,+Ar /mm 158.7340.1
rs+Ar /mm —1440.0040.7
di;+Ad /mm 12.5940.005
d»s+Ad /mm 1.7240.005
dy+Ad /mm 17.3240.005
dy+Ad /mm 461.0640.02
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testing methods mm
Method Dy d Dy
Hindle!*! 1800 1440 480
Catadioptric testing 1150 720 496.64
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