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Abstract: In the ground verification demonstration experiment of the space debris detection and ranging
composite system, the working environment is 10-30 °C, the size limit of the optical base station (not exceeding
450 mmx400 mm) and the installation of the tail of the optical telescope cause the center of gravity to be far away
from the mounting surface. Design of optical telescope for space debris detection and ranging compound system

was proposed. The finite element model of the optical telescope was established by using ANSYS finite element
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analysis software. The analysis was carried out under the conditions of ambient temperature of 10-30 °C, tail
installation, optical axis direction and vertical optical axis direction of 1 g (g = 9.8 m/s?) gravity acceleration. The
analysis results show that the first-order mode of the optical telescope is 133 Hz and the dynamic stiffness is
better. When the gravity is in the direction of the optical axis, the maximum change in the distance between the
primary and secondary mirrors is 0.01 mm. When the gravity is perpendicular to the optical axis, the maximum
distance between the primary and secondary mirrors is 0.007 mm. The RMS value of the wave aberration of the
optical telescope system is A/15, and the maximum inclination angle of the secondary mirror is 1.93". It has good
power and thermal stability and can meet the index requirements in the process of optical antenna installation,
calibration, testing and field experiment verification. After the optical telescope is assembled and calibrated, the
image quality of the optical telescope is tested using a ZYGO interferometer. The test is performed under the
conditions of gravity perpendicular to the optical axis and ambient temperature of 10 °C, 20 °C, and 30 °C. The
results show that the RMS value of the system wave phase difference is respectively at 0.097/, 0.0754 and 0.14,
the RMS value of the wave phase difference of the whole optical telescope system is better than /10 at the lowest

% 50 %

temperature and the highest temperature, and all meet the requirements of the system.

Key words: space debris;

analysis
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Tab.1 Technical specificatons optical telescope

Technical index

ftem requirements
Effective aperture of optical system 250 mm
Surface accura:zfs x?y()f main mirror = /40
System wave aberration RMS =110
Primary and secondary mirror spacing error <0.02 mm
Primary and secondary mirror tilt <3”
Secondary mirror and bracket blocking ratio <7%
Optical antenna fundamental frequency =120 Hz
Optical antenna quality <10kg
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Tab.2 Material properties of optical telescope

Material p/g-cm™> Elp Thermal stability Jz a/°C
Zerodur 2.53 3.58 32.8 0.23 0.05x107
Be 1.85 15.6 19.12 0.26 11.3x107°
RB-SIC 3.5 10.6 60.7 0.29 2.6x107°
Al 2.68 2.55 7.1 0.33 23.6x1076
ULE 2.21 3.08 87.3 0.17 0.015x107°
TC4 2.53 4.44 29.49 0.23 8.9x107°
4]32 8.1 17 46.33 0.26 0.3x107
4J36 8.05 18 8.25 0.29 1.26x1076
2A12 2.9 27 7.1 0.33 23.6x107
60SiC/Al 3.02 71 25.88 0.17 8.5x1076
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Tab.3 Minimum panel thickness required for

different lightweight structures

Structure type Triangle circle Hexagon

Minimum thickness/mm 8.9 9.2 9.5
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Tab.4 Lightweight analysis results of main mirror

Structure type  First-order mode

Second-order mode  Third-order mode

Quality/kg Lightweight rate  Volume/mm’  Surface area/mm”

Triangle 2290.3 2290.5 2976
Circle 2005.4 2010.2 2698
Hexagon 1870.4 1890.6 2501

2.492 40.62% 9.95e+05 2.57e+05
2.422 42.28% 9.58e+05 2.15e+05
2.401 42.72% 9.54e+05 2.02e+05
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Fig.11 Surface inspection result of main mirror assembly
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Fig.15 Simulation results of the tail installation of the whole machine
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Fig.16 Surface fitting results
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Fig.18 Test of the optical telescope surface shape error
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