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Discussion on topology optimal design of nozzle motion

structure under dynamic load

SHI Bo,HUANG Xuegang,ZHOU Jie,FU Lili, FAN Genmin
(X?’an Aerospace Propulsion Institute, Xi’an 710100, China)

Abstract:In order to optimize the variable nozzle motion structure under the complex dynamic force
and variable thermal load,a new design method was proposed based on the idea of Equivalent Static Load
(ESL). Firstly, the dynamic force load was extracted by rigid dynamics simulation, and then several
working conditions were separated according to the motion process. In this way,the structure optimization
under the dynamic load was transformed into the joint structure optimization under several static loads.
The difficulty of solving problem was simplified. The topology optimization of nozzle motion structure was
carried out with this method. The optimal structure was modified based on the calculation of strength and
stiffness for multiple working conditions under force and thermal load. The final optimized structure was
obtained by design iteration. The results show that the maximum displacement of the improved structure is
reduced by 22% to 34% , the maximum stress is reduced by 10% to 15% , the weight is reduced by
24% . The effectiveness of the method has been proved, which provides a practical design method for
structure optimization under dynamic force and variable thermal load.
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Fig. 1 Static load equivalent process
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Fig.2 Nozzle adjusting mechanism diagram
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Fig.3 Pressure distribution in nozzle flow field
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Fig. 4 Loads of convergent flap
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Tab.1 Material property parameter

WAL PERIE E/GPa LUK EE «/(C) ™
Y 20 850 °C 950 C 850 °C 950 °C
0.305 200 143.5 133.2 1.578x107° 1.612x10°°
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Fig. 5 Topological optimization model
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Fig. 6 Topology optimization calculation results
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Fig. 7 Remodel of topology optimization results
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Tab.2 Performance comparison of different schemes
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Fig. 8 Scheme performance comparison curve
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Fig. 9 Displacement and stress distribution nephogram
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