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Abstract Aiming at the lightweight requirement of space exploration load, the electrostatic analyzer
for space plasma exploration is taken as the research object, and the lightweight design and verification
are carried out. In the selection of materials and processing methods, additive manufacturing, a new pro-
cessing method, is fully used breaking the traditional idea of pursuing low-density materials in
lightweight design. By comparing the weight and mechanical performance of equipment under various
materials and processing methods, aluminum alloy is determined as the main material and 3D printing

as the main processing method. In the aspect of structure design, based on the advantages of 3D print-
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ing processing, the structural thickness of each part of the equipment is reduced, and stiffeners is appro-

priately set to solve the problem that the thin wall is prone to deform during post-processing. The mass

of the equipment designed in the above scheme is reduced to 1.2 kg, which is 45% lower than that of the

equipment using magnesium alloy and conventional processing methods (2.2 kg). Taking the identifica-

tion-level mechanical test conditions of typical aerospace missions as input, the finite element simulation

of the design model was carried out, and the physical processing, assembly and mechanical tests were

completed to verify the anti-mechanical properties of the design.
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Table 2  Sine vibration test conditions
A ] /Hz 5~15 15~100
YR 11.03 mm(O-P) 10g
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Table 3 Random vibration test conditions
WA /Hz 20~100 100~600  600~2000
W B +3 dB-oct ' 0.125 g >Hz ' -9 dB-oct '
ST AR N 10.13 10.13 10.13
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Table 4 Impulse response spectrum test conditions

BB f / Hz 100~1000 1000~1500 1500~2000 2000~4000

M 16 dB-oct ' 900 ¢ 900 g 900 ¢
JHE
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Table 5 Selection material parameters and
processing methods
WPERL WE/ MR .
o i /GPa TARALL (wem?) FE/MPa Tk
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Table 7 Simulation results data of different
wall thicknesses
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Fig. 6  Variation of T value with wall thickness
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(b)  Outer hemisphere electrode stiffeners
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Table 8 Modal analysis results
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Table 9 Analysis results of acceleration test
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Table 12 Impact test analysis results
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in impact (in y direction) test

(a) Shaking table

(b) Impact table (c) Centrifuge
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Test piece is installed on the test bench with

the y direction as the experimental direction
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