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Topology optimization design of mounting structure

for plasma engine

SHI Bo, YANG Guangjie, WEI Jianguo, TAN Chang
(X?’an Aerospace Propulsion Institute, Xi’an 710100, China)

Abstract For the mounting structure of plasma engine, the design idea and method of structural topolo-
gy optimization under the constraints of static and dynamic conditions are studied. Firstly, the defects of
the original structure are analyzed by modal simulation to find the direction of structural improvement.
Next, the topology optimization design is applied to obtain the optimal configuration that meets the design
requirements. Finally, considering the technological requirements of structural assembly, the practical
engineering optimal scheme is obtained by combining topology optimization and size optimization. Com-
pared with the original structure, the mass of the optimized structure is reduced by 10. 8 % . In terms of
static bearing capacity, the maximum displacement of the optimized structure is reduced by 61. 1%, and
the support stiffness is greatly enhanced. The maximum stress of the structure is reduced by 1.4 %, the
stress distribution is more uniform, and the average stress is reduced. In terms of dynamic bearing capac-
ity, the vibration modes of the optimized structure with up-down and left-right yaw are significantly im-
proved, and the corresponding frequencies of the 1st to 6th order vibration modes are increased by 5 % to

39.8%. The RMS stress value and damage of the optimized structure under random vibration load are re-
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duced, and the fatigue life is significantly improved. The correctness and effectiveness of the design

method are verified with the performance improvement of the optimized structure.

Key words plasma engine; mounting structure; configuration optimization; topology optimization
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Fig.1 Mounting structure of plasma engine
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Fig.2 Modal shapes of plasma engine structure



46 kPO

2023 48 A

xR3 EESWER (A6 BY)
Tab.3 Modal calculation results of pipeline

( the 1st to 6th modal)
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Fig.3 Design domain of mounting structure
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Fig.4 Finite element calculation model
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Fig.5 Calculation results of topology optimization
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Fig.6 Calculation model of structural optimization

,'f— 2

(b) J7 G220 R 1M S AT)

7T XEGHSHUER

Fig.7 Parametric modeling of supporting structure
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Tab.4 Calculation results of design scheme I
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Fig.8 Calculation results of topology optimization
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Fig.9 Model reconstruction of optimized structure
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Fig.10 Modal shapes of optimized structure
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