| 585 F11H/2021 £ 6 B/HAEXBFEHE

Tt Bl e B FZFHE

0 1A% e B S R O B STy -

PERLARE S ANEA, ARG ERK, 200
VEIE T KOG E ARG B, LR AR 230009;
PA R Tk K2 AR B 2 ol TR 2E B, LR AR 230009

WE O TS R URSS AR B R SR RE ) S HO T RS T T R B G I S O B Sk L &
ZEMAX A ALIS | e 245 B il 12 7 2R 181 3% 55 20 50 0 I W 3 3 2O 27 B 3k o %088 Sk i AR 420 125 mm, &
GiM R 200 mm, WM 20 M 14, 84°, 3% B L B 8 500~800 nm. 20 “CIRJE IR KW, ZOL¥E RSN
Y or RyRBLBE 42/ T 3.5 pm, WL 06 27 B I i 4% 328 s AL (MTF ) 76 60 Ip/mm 4 K T 0. 7,3 X 3{R T A I e
PR T 90% WA /N T 1% e KAEHRAE R 1.6 um. LN T 22 JE , 60 Ip/mm 4b 52T 2 2 58 1 e (IR 52 56
FEHASMTE H0. 324,

KR Otwuot; s kR K&ER

FESES V248.1 XHEARERS A doi: 10. 3788/LOP202158. 1112001

Design of Star Sensor Optical Lens with Large Aperture and
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Abstract In order to improve the ability of the star sensor to detect the limit magnitude, a complex double-Gaussian
structure optical lens is designed through selection of models and parameter calculation in this paper. After optimized by
ZEMAX software, a refraction optical lens without vareing composed of 12 spherical lenses is finally obtained. The lens
has an entry pupil diameter of 125 mm, a system focal length of 200 mm, a full field angle 2w of 14. 84°, and a spectrum
range of 500-800 nm. The design results at a temperature of 20 °C show that the root mean square dispersion spot radius
is less than 3.5, the full field optical design modulation transfer function (MTF) is more than 0.7 at 60 Ip/mm, the
energy concentration in 3X 3 pixels is more than 90%, the distortion is less than 1%, and the maximum magnification
chromatic aberration is 1. 6. After processing and adjustment, the lowest laboratory static MTF of the measured optical
system at 60 Ip/mm is 0. 324.
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Table 1  Design indicators of different star sensors

Serial i Aperture / Waveband /
f/mm w /(
number mm nm
1 200 100 10. 61 500-800
2 99 99 7 450-900
3 95 39.6 13.32 450-1000
4 50 40 11.96 500-800
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Table 2 Indices of the optical system

Parameter Index requirement
//mm 200

2w /(%) 14. 84

Relative aperture 1/1.6
Waveband /nm 500-800

Back focal length /mm >17.5

Energy encircled concentration >90% in 3X 3 pixels

Optical design MTF (Nyquist frequency ) >0.45
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Fig. 1 Initial structure of the optical system
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Fig.2 Final structure of the system
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Fig. 3 Point diagram of the system at 20 ‘C
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Fig.4 Energy concentration diagram of the system
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Fig. 5 Optical design MTF curve of the system at 20 °C
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Fig. 6 Field curvature and distortion curves of optical lens
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Fig. 7 Curve of the chromatic aberration of magnification
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Table 3 Parameters of the glass materials

Glass SILICA H-LAF54 H-FK95N H-K7 H-ZF3 H-ZPK7 H-ZFKLA H-FK71 D-ZLAF52LA D-FK61 H-BAF3 TF3

N, 1.46 1. 80 1.44 1.51 1.72 1.57
V, 67.80  43.20 94.60  60.60 29.50 71.30

25.50

1.81 1.46 1.81 1.50 1.58 1.61
90. 30 41.00 81.60  53.70 44.10
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Table 4 Focal lengths of the optical lens at different temperatures

6 FPFRIE RIS R
Table 6 Results of the Monte Carlo analysis

Temperature /C Focal /mm Sampling probability /% RMS spot radius /pm
0 199. 964 093 3 23
20 200. 000
40 200.036 90 796
80 6.87
RS AESPTEER 50 5.21
Table 5 Results of the tolerance analysis 20 398
Tolerance Range 10 3.45
Radius( fringes) +3
Thickness /pm +20 I MTEF ¥ KF 0.7(60 Ip/mm &b ) , 62 MTF
Decenter /ym +20 R ARSI Y O o AR G KR S MTF 0. 324
Tilt /(%) +0.01 (60 1p/mm)o
Index 0.001
Abbe /% 1%
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Table 7 MTF measured in different fields of view
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Fig. 8 Centring adjustable optical lens

Spatial frequency/ Object angle/(°)
(Ipmm™) 7.421 5.214 3.785 1. 556 0 1.553 3.782 5.211 7.419
Tan 30 0.611 0.711 0.785 0.812 0.795 0.765 0.724 0.693 0.625
Tan 60 0.412 0.481 0.523 0.584 0.514 0.472 0.442 0.411 0. 384
Sag 30 0.53 0.613 0.675 0.742 0.785 0.752 0.701 0.655 0.59%4
Sag 60 0.345 0.421 0.617 0.623 0.576 0.512 0.465 0.381 0.324
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Fig. 9 MTF measured in different fields of view
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