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Effect of surface error and alignment aberration on imaging

quality of coaxial three mirror system
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Abstract: Surface error and alignment aberration of mirrors are required precision uniform in space
transmission coaxial three mirror system alignment. Based on force analysis and system simulation methods
for efficient alignment of the coaxial optical systems, one coaxial three mirror system with large aperture
and long focal length was used to illustrate the relationship between aberration characteristics to alignment
aberration and surface error. The spherical aberration, coma and astigmatism caused by alignment aberration
and surface error were calculated, then wavefront RMS was used as an evaluation standard for system
imaging quality. Finally, the weight of alignment aberration and surface error to system imaging quality
were obtained. Based on the calculated result, the average RMS was adjusted to below 0.06A. The lens
alignment results demonstrate the possibility and effectiveness of this method, and the proposed methods
could be available to shorten the alignment process, and promote system alignment accuracy.
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Fig.1 Structure diagram of optical system
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Fig.2 Finite element model of primary mirror
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Fig.3 Surface change of primary mirror before and after stress
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Fig.4 Sketch figure of lens alignment
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Tab.1 Influence of secondary-mirror and third-
mirror translation along Z direction on

system aberration
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Tab.3 Influence of third-mirror translation along
X direction or Y direction on system

aberration

Third-mirror moves Third-mirror moves

0.5 mm in the X direction 0.5 mm in the Y direction

Center +1.5° -1.5° Center +1.5° -1.5°
area of area of area of area of area of area of
FOV FOV FOV FOV FOV FOV

Secondary-mirror moves Third-mirror moves

0.05 mm in the Z direction 0.05 mm in the Z direction

Center +1.5° -1.5° Center +1.5° -1.5°
area of area of area of area of area of area of
FOV FOV FOV FOV FOV FOV

Zs —0.0079  0.081 0.081 0.0065 =0.0658 -0.0658

Zs  0.0009 -0.0284  0.03 -0.0069 -0.0052 —=0.0052

Z; 0.0059 0.0125 0.0125 0 -0.0226 0.0226

Z; -0.0735 -0.0713 -0.0706 0 —-0.0036 0.003 6

Z 0 -0.0018 0.0019 -0.0724 -0.0788 -0.0788

Zy 0 -0.0013 0.0012 0.0003 0.0003 0.0003

Zs 0 -0.056  0.056 0 0.0455 -0.0455
Z: 0 -0.0257 0.0257 0 0.0697 -0.0697
Z; 0.0072 0.0081 0.0081 -0.0202 -0.0217 -0.0217
Z, 0.0253 0.0263 0.0263 -0.0051 —0.0049 -0.0049
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Tab.2 Influence of secondary-mirror translation
along X direction or Y direction on system

aberration

Secondary-mirror moves Secondary-mirror moves

0.02 mm in the X direction 0.02 mm in the Y direction

Center +1.5° -1.5° Center +1.5° -1.5°
area of area of area of area of area of area of
FOV FOV FOV FOV FOV FOV

Z; —0.0002 0.0271 -=0.0272 0.0077 0.0081 0.008 1

Z; —0.0074 -0.0094 -0.009 3 0 0.0259 -0.0259
Z. -0.1102 -0.1125 -0.1118 0 -0.0026 0.002 6
Zy 0 0 0 -0.1093 -0.1157 -0.1157

Z, —0.0001 -0.0007 0.0006 0 0 0
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Tab.4 Influence of secondary-mirror tilt on system

aberration

Secondary-mirror rotates
0.005° around the X axis

Secondary-mirror rotates
0.005° around the Y axis

Center +1.5° -1.5° Center +1.5° -1.5°
area of area of area of area of area of area of
FOV FOV FOV FOV FOV FOV

Z; -0.0357 -0.0395 -0.0395 -0.0002 0.1221 -0.1219

Zs 0 -0.1221 0.1221 -0.0357 -0.0396 -0.0394
Z: 0 0.0023 -0.0023 -0.0874 -0.0884 -0.0878
Z; 0.0870 0.0917 0.0917 0 —-0.0002 0.000 2

Zy —0.0002 -0.0002 =0.0002 -0.0001 =0.0007 0.000 6
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Tab.5 Influence of third-mirror tilt on system

aberration
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Tab.7 Influence of secondary-mirror’s surface

on system aberration

Third-mirror rotates 0.005°
around the Y axis

Third-mirror rotates 0.005°
around the X axis

Center +1.5° -1.5° Center +1.5° -1.5°
area of area of area of area of area of area of
FOV FOV FOV FOV FOV FOV

Z;  0.0216 0.0242 0.0242 0.0001 -0.0762 0.0764
Zs 0 0.0757 -=0.0757 0.0216  0.025 0.025

Z: 0 0.0003 =0.0003 -0.0055 =0.0054 -0.0054
Z;  0.0054 0.0063 0.0063 0 —-0.0002 0.000 2
Zy 0 -0.0001 =0.000 1 0 -0.0001 0.000 1

0° or 90° astigmatic
coefficient changed —0.05A

45° or 135° astigmatic
coefficient changed —0.05\

Center +1.5° -1.5° Center +1.5° -1.5°
area of area of area of area of area of area of
FOV FOV FOV FOV FOV FOV
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Tab.6 Influence of primary-mirror’s surface

on system aberration

Zs  0.0679 0.0679 0.0694 0.0020 0.0052 0.003 5

Z, —0.0009 -0.0109 0.0078 -0.0689 -0.0787 -0.060 1

Z.  0.0051 -0.0011 0.0038 0.0052 =0.0012 0.0041

Z; 0.0055 0.0035 =0.0025 0.0055 0.0032 -0.0024

Zy, =0.0223 0.0041 =0.0095 -0.0222 0.0041 =0.0095

0° or 90° astigmatic
coefficient changed —0.05A

45° or 135° astigmatic
coefficient changed —0.05A

Center +1.5° -1.5° Center +1.5° -1.5°
area of area of area of area of area of area of
FOV FOV FOV FOV FOV FOV

Z; =0.1158 -0.1153 -0.1169 -0.0038 -0.0035 -0.0052

Z; —0.0061 -0.0055 =0.0043 -0.1075 -0.1064 -0.1061

Z: -0.0036 -0.0041 -0.0022 -0.0004 -0.0008 0.0007

Z; 0.0148 0.0191 0.0225 0.0022 0.0061 0.009 7

Z, 0.0263 0.0121 0.0188 0.0066 -=0.0078 -=0.0013
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Fig.6 Contrast before and after alignment system wave aberration
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