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Abstract: To calculate the misalignments of optical elements accurately in an off-axis Mersenne afocal
Cassegrain telescope, a computer-aided alignment method based on modified sensitivity matrix model
was proposed. The principle and limitations of conventional sensitivity matrix method were analyzed.
By means of adding a quadratic correction term to conventional sensitivity matrix model, the
conventional computer-aided alignment technology was improved. For the off-axis telescope, the

aberration characteristics were analyzed when the secondary mirror was misaligned. The modified
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model and conventional model were used to approximate the mapping relationships between
misalignments and aberrations. Then the alignment of misaligned telescope was simulated. The
simulation results in the range of decenter =8 mm and tilt &==1. 5° for a secondary mirror show that the
root mean square error of x-, y-, z-decenters and o, J-tilts of the secondary mirror calculated by
conventional method are 2. 689 mm, 2.494 mm, 0.194 mm and 0. 500°, 0. 525° respectively, and the
corresponding calculations by modified method are 0. 404 mm, 0. 323 mm, 0. 047 mm and 0. 064°,
0. 065° respectively. The calculation accuracy of the modified sensitivity matrix method is much higher
than that of the conventional method. Finally, the telescope is well aligned with the modified method,
and the results give that the Wavefront Errors(WFEs) RMS on axis is 0. 056A(A=632. 8 nm) , while
the WFEs RMS(Root Mean Square) in marginal field of view are better than 0. 1A. The results meet

the design requirements.
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Tab. 6 Comparison of calculation results and testing results of Zernike coefficients

F(0,0) F(0.058°,0) F(0,0. 058 F(—0.058°,0)  F(0,—0.058%)

Z N 2% 0.263 0.274 0. 380 0.232 0.310
T2 0.248 0. 267 0. 357 0.328 0.237

R —0.015 —0.007 —0.023 0.096 —0.073

Zs ) 4% S —0.760 —0.767 —0.826 —0. 834 —0.779
TR —0.783 —0.794 —0.767 —0.779 —0. 804

RE —0.023 —0.027 0. 059 0. 055 —0.025

Zs o 45 0. 434 0. 424 0. 485 0. 309 0. 367
ia gt 0.399 0.421 0.411 0.382 0.390

2 —0.035 —0.003 —0.074 0.073 0.023

Z I 2% —0.055 —0.098 —0.122 —0.120 —0.088
T4 —0.096 —0.095 —0.096 —0.098 —0.095

w2 —0.041 0. 003 0.026 0.022 —0.007

Zs ez 2% 0. 056 0. 090 0. 095 0. 160 0. 052
P15k R 0.047 0. 050 0.048 0. 045 0.047

R —0.009 —0. 040 —0.047 —0.115 —0.005

Z ) 2% —0.015 —0.016 0.028 0. 001 —0.007
PN A —0.001 —0.001 —0.001 —0.001 —0.001

122 0.014 0.015 —0.029 —0.002 0. 006
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Tab. 7 Testing results of wave aberration in 5 FOVs after alignment

F(0,0) F(0.058%,0)

F(0,0.058%)

F(—0.058°,0) F(0,—0.058%

5 & #

AR SCHE T R Y R B T T AR AR
GEA AL R, B BRI SRS
5390 I A 498 T 0 RS0 5 10k Xof — A 6 il R Gz 4
PEAT TR OB S35 e TR B R RS TR
AR IR 25 . 500 YR 7 L2 9 S 56 4%
BN, RSO 8 mm fHA 1. 5° A9 L IHTE R
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