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Optimal Design of Stray Light Suppression Structure for
Ultra-Light Space Camera
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Abstract This study proposes an optimization method to design the main baffle for suppressing the influence of
stray light on the imaging performance of a space camera and satisfying the stringent requirements of small weight
and high stability. Further, the position distribution of the vanes of the baffle is analyzed based on the graphical
method. A multi-objective optimization model of the baffle is established with regard to minimum structural
compliance and mass as well as the constraint of the fundamental frequency. The optimized dimension design of the
baffle can be obtained. The mass of the baffle is 0.24 kg, and the lightweight rate is 38.6% . In addition, the
dynamic vibration test of the baffle and stray light analysis of the system are conducted. The results denote that the
relative error between the finite element analysis results and experimental data is lower than 15% and that the baffle
exhibits good stray light suppression performance. This indicates that the performance parameters of the designed
baffle satisfy the requirements; furthermore, the feasibility of the optimization method is verified.
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Table 1 Performance parameters of CFRP

) Longitudinal tensile Lateral tensile
Matetial

elastic modulus /GPa

elastic modulus /GPa

Lateral Shear
modulus /GPa

Longitudinal

. ' . . / .
Poisson's ratio Poisson's ratio

CFRP 230.00 9.30

0.27 6.65 6.20
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Fig. 1 Parameters pertinent to design of vanes of the primary mirror baffle
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Fig. 2 Initial structure of primary mirror baffle
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Fig. 3 Finite element model and structural

parameters of primary mirror baffle
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Fig. 4 Nephograms of x- and y-direction vibration modes of fundamental frequency of baffle. (a) x direction; (b) y direction
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Fig. 5 lteration process of object optimization. (a) Iterative curve of mass; (b) iterative curve of structural compliance
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Table 2 Designed variables and optimized results

Variable Range /mm Initial value /mm Optimization result /mm Amended result /mm
Ty [0.2,0.6] 0.5 0.59 0.48
Ty [0.2,0.6] 0.5 0.26 0.24
T [0.2,0.6] 0.5 0.22 0.24
Ty [0.2,0.6] 0.5 0.23 0.24
T [0.2,0.6] 0.5 0.24 0.24
Ty [0.2,0.6] 0.5 0.37 0.48
Ton [0.6,1.0] 1.0 0.67 0.72

T snder [0.6,1.0] 1.0 0.98 0.98
T [0.2,0.6] 0.5 0.23 0.24
T e [0.2,0.6] 0.5 0.34 0.24
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Table 3 Structural performance comparisonbefore

and after optimization

Compliance /

Performance f1/Hz f,/Hz Mass /g
(Nemm)
Initial value 95 117.9 0.03 397.5
Optimization result 125.2 146.7 0.01 243.8
Improvement /%  31.79 24.4 66.6 38.6
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Fig. 6 Scene of random vibration test
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M' represents the amplitude of the acceleration response of random vibration.
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Fig. 7 Frequency response curve of random vibration of sampling point. (a) x axis; (b) y axis; (¢) z axis
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Table 4 Test conditions of random vibration

Power spectral Acceleration root

Frequency /Hz
density /(g**Hz ')

mean square /g
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Table 5 Comparison between test and analysis data
Comparison results of frequency scanning Comparison results of random vibration
test with modal analysis test with analysis
Direction Analysis value of Test value of Analysis value of Test value of
Relative Relative
fundamental fundamental acceleration acceleration
error /% error /%
frequency /Hz frequency /Hz response /g response /g
x 125.20 125.39 0.15 12.84 11.20 12.70
v 146.70 128.42 12.46 11.20 8.99 10.30
2 609.67 635.45 4.23 10.90 10.11 7.80
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