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Opto-mechanical structure design of vertical

off-axis TMA system camera

Li Qinglin'?, Cai Yuanyuan', Zhang Zhifei', Chang Junlei'?, Zhang Nan'?

(1. Beijing Institute of Space Mechanics & Electricity, Beijing 100094, China;
2. Beijing Key Laboratory of Advanced Optical Remote Sensing Technology, Beijing Institute of
Space Mechanics & Electricity, Beijing 100094, China)

Abstract: China-Brazil Earth Resource Satellite is based on the field of land resources and mainly focuses on
high and moderate resolution optical remote sensing. The main payload on the 04A satellite adopts off-axis TMA
optical system with large field of view and low distortion. In order to solve the problem of harsh mechanical
environment caused by vertical installation of the camera, a solution of box-type main structure and passive
vibration isolation is proposed. We start with main frame design, mirror support and vibration isolation measures,
the static and dynamic modeling of the off-axis TMA camera is carried out, and the structural form is optimized.
Through the optical-mechanical integration analysis, the natural frequency of the structure is improved, the first-
order frequency reaches 168 Hz, and the mechanical response of the transmitting section is reduced, the
mechanical response of the key components of the camera is attenuated by more than 50%, and the transfer
function of the camera system is greater than 0.18. The ground environment test and in-orbit test show that the
optical mechanical structure design is reasonable, the mechanical and vibration isolation performance meet the
use requirements.

Key words: remote sensing camera;  opto-mechanical structure design;  stability;  off-axis TMA;

vertical installation
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Tab.1 Effective passing aperture of mirrors

X-direction effective Y-direction effective

Mirror type passing aperture/mm  passing aperture/mm
Primary mirror 456.9 226.9
Secondary mirror 106.0 106.0
Third mirror 377.8 148.9
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Tab.2 Surface accuracy of mirrors

Primary Secondary Third
mirror mirror mirror
Surface accuracy 16 9 16

(RMS)/nm
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Fig.2 3D modal and order modal of main frame before optimization
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Tab.3 Physical properties of typical mirror materials

plg-em™ E/GPa E/p/GN-m-g™ a/10° K™ A/W-m™ K a/2/107 m-W™!
ULE 2.21 67 30.3 0.015 1.3 0.012
Zerodur 2.5 92 36.8 0.09 1.67 0.054
SiC 3.05 390 127.9 2.4 185 0.013
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Fig.5 Structure of the subassembly of second mirror
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Fig.7 Single-degree-of-freedom vibration isolation system characteristic

curve
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Fig.8 Structure of vibration isolator
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Tab.4 Results of random vibration

Root mean square acceleration, g,

Key points Direction Attenuation ratio
Without vibration isolator With vibration isolator

X 1.8 0.7 61%

Top of main frame Y 1.7 0.6 65%
VA 3.7 1.5 59%

X 2.6 1.0 62%

Bottom of main frame Y 22 0.7 68%
VA 2.1 1.0 52%
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Tab.5 Conditions of random vibration

Frequency range/Hz Power spectral density/g*-Hz'

20-190 0.00114-0.0107

190-500 0.0107

500-750 0.0079
750-2 000 0.0079-0.00042
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Fig.9 Schematic diagram of test system
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