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Optimized Design of Integrated Ultra-Light Main Supporting
Structure for Micro-Nano Remote-Sensing Camera
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Abstract An integrated ultra-light main supporting structure is designed to satisfy the ultra-light, low-power
consumption, short-period, and low-cost requirements of a particular micro-nano remote-sensing camera. After
comparison with other materials and based on the design requirements, titanium alloy is selected as the research and
development focus, and a truss scheme is selected considering mass and power consumption. A mathematical model
of topology optimization with fundamental frequency as the objective function is established. In addition, the
sensitivity of the objective function is derived, and an improved Heaviside density filter is adopted. As a result, the
optimal load path with clear topological results is obtained. Similarly, to obtain the optimal size of each part, a
mathematical model of size optimization with fundamental frequency as the objective function is established.
Eventually, the mass of the proposed structure is 0.6 kg. The results of finite element analysis and test demonstrate
that the integrated main supporting structure can satisfy the tolerance requirement of an optical system and that the
fundamental frequency is much higher than the optical load requirement of a satellite platform, which verifies the
correctness and rationality of the proposed optimization design.

Key words remote sensing; micro-nano remote-sensing camera; ultra-light mass; main supporting structure;
topology optimization; size optimization
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Table 1 Tolerance of optical system

Rigid displacement Twist angle
Mirror
Az /pm Ay /pm Az /pm 0./ 0,/ 0./
Primary mirror Datum Datum Datum Datum Datum Datum
Second mirror 20 20 None 20 20 None
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Table 2 Physical properties of main supporting structure materials of common space cameras

) Young's Thermal Thermal expansion .
Density p / o o Poisson's
Material ] modulus E / Specific stiffness  conductivity & / coefficient a / )
(geem ®) i ratio p
GPa (Wem '«C™H 1o % CH
M40 1.56 145 92.9 2 —2 0.3
Invar 8.1 141 17.4 13.9 0.05-7.5 0.25
SiC 3.05 330 108.2 185 2.5 0.2
7 TC4 4.44 114 25.7 8.8 8.9 0.29
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Fig. 2 Types of main supporting structure.

(a) Cylinder type; (b) truss type
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Table 3 Comparison of performance parameters of main supporting structures

Structure type Power of high temperature /W Power of low temperature /W Peak power /W Mass /kg
Cylinder type 2.1 5.4 14 >1
Truss type 0.6 1.6 4 <1
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Fig. 6 Finite element model of main supporting

structure after size optimization
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Table 4 Sizes of main supporting structure

Design Variation Optimization Design
variable range /mm value /mm value /mm
T op [1.3] 2.2 2
T, [1,3] 1.6 2
T toa [2,6] 4.0 4
T boura [5.,12] 10.8 10
T vim [2,4] 3.3 3
T o [6.10] 5.5 6
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Table 5 Structures and parameters of micro-nano remote-sensing camera and NAOMI camera

Item Micro-nano remote-sensing camera NAOMI camera
Structure
Mass /kg 6 13

Dimension $230 mm X480 mm

Orbit altitude /km 500
Ground sample distance /m 2
Swath width /m 10

340 mm X460 mm X510 mm

680

2.5

17.5
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Table 6 Results of statics analysis

Rigid displacement Twist angle
Mirror
Az /pm Ay /pm Az /pm 6./ 0,/ 6./
Primary mirror Datum Datum Datum Datum Datum Datum
Second mirror 4.3 0.0003 None 6.5 0.003 None
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Table 7 Comparison of intrinsic frequencies obtained from

sine-frequency sweep experiment and engineering analysis

Intrinsic frequency Intrinsic frequency

Loading Error /
from analysis /  from experiment /
direction %
Hz Hz
Horizontal 199 200 0.5
Axial 419 423 1.0
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Table 8 Comparison between statics test results and analysis data

Angle of pitch Optical tolerance /(")

Data of analysis /(")

Data of test /(") Error /%

0. 20

6.5 5.4 16
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