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Design and verification of main bearing structure of remote sensing

camera based on SiC 3D printing

Zhang Nan'?, Li Qinglin', Chang Junlei'

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

Abstract: The rapid prototyping technology of 3D printing is becoming more and more mature, and its
application scope is more and more extensive. Silicon carbide material has excellent physical properties such as
high elastic modulus, specific stiffness and good stability. In order to make the main bearing structure of remote
sensing camera break through the limitations of traditional technology and design ideas, improve the light weight
and obtain better mechanical and thermal stability, the silicon carbide as raw material was used and 3D printing
manufacturing method was adopted to develop the main bearing structure. Firstly, the advantages and
characteristics of silicon carbide 3D printing technology were introduced. Then, according to the technical
characteristics, the design method of the main bearing structure was combed. Then, according to the design
method, structural design, simulation and optimization were carried out. Finally, the outer envelope of the main
bearing structure was 400 mmx=370 mmx430 mm, the first-order frequency was 639.9 Hz, and the weight was
only 4.2 kg, which was 41.6% lower than the traditional scheme. It has good mechanical and thermal stability and
meets the use requirements. After mechanical test, it meets the design expectation.
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Fig.1 Off-axis three-mirror reflective optical system
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Fig.2 Initial configuration of main bearing structure
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Tab.1 Results of optimization of main bearing structure

Min thickness/mm Volume/m?®

Appearance/mm Weight/kg

5 1.53E-3

400x370x430 4.2
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(a) The first order modal  (b) The second order modal
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(c) The third order modal
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(d) The fourth order modal
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Fig.3 The order modals of main bearing structure
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Fig.5 The order modals of remote sensing camera
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Tab.2 Input conditions for random vibration

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

10-65 0.000147-0.0155
65-100 0.0155
100-150 0.0077
150-500 0.00617

500-2 000 0.006 17-0.000000 617
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Fig.7 Curves of power spectrum density
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Tab.3 Deformation of mirror mounting points

Deformation PMAMS CMAMS TMAMS
X displacement/mm 0.0116 0.0064 0.0069
Y displacement/mm 0.0004 —0.0009 0.0004
Z displacement/mm —0.0055 0.0063 —0.0042
X turning angle/(") 0.099 0.779 —0.142
Y turning angle/(") —-0.054 0.136 0.361
Z turning angle/(") 0.017 —0.588 —0.092

3 R

BEXHZABLIEAT 1 22 PR IR 1, 2K ) 454
TE X Ta) | Y 1) F1 Z [6] B9 34553 331) 4y 287 Hz, 265 Hz Fil
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RIS 8 . G (FP2AMS) #E A B I A5, 438 2 M 45 ik
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Tab.4 Mechanical test results of key points

8 N1 RghidE

Fig.8 Mechanic vibration test

Key points RMS acceleration/g, Magnification
X-direction: 2.68 1.34
PMAMS Y direction: 7.96 3.98
Z-direction: 3.96 1.98
X-direction: 2.26 1.13
CMAMS Y-direction: 3.11 1.56
Z-direction: 3.71 1.86
X-direction: 2.46 1.23
TMAMS Y-direction: 4.96 2.48
Z-direction: 3.96 1.98
X-direction: 2.42 1.21
FMAMS Y-direction: 3.32 1.66
Z-direction: 3.78 1.89
X-direction: 3.34 1.67
FP1AMS Y-direction: 3.11 1.56
Z-direction: 3.67 1.84
X-direction: 2.98 1.49
FP2AMS Y-direction: 3.02 1.51
Z-direction: 3.08 1.54
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