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Design Optimization of Rotor System in Pulse Detonation Turbine Engine
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Abstract: In order to develop a Pulse Detonation Turbine Engine (PDTE) prototype, a hollow—shaft rotor—bearing structural system
was designed based on the overall design requirements. The finite element method was employed to model the rotor system and the numeri-
cal integration method was used to investigate the dynamic characteristics of the system under cyclic unsteady aerodynamic loads caused by
pulse detonations. By taking the minimization of vibration amplitude of the rotor at critical speed as the optimization objective, treating the
margins between the critical speed of the rotor system and the engine idle speed and the working speed as the constraints, and taking rele-
vant strength requirements into account, the support position, stiffness and geometrical parameters of the rotor system were optimized
based on the NSGA-II multi-objective optimization algorithm. The results show that the optimized rotor—bearing system satisfies the over-
all requirements, the margins between the critical speeds and working speeds are over 20%, and the vibration amplitudes corresponding to
the first three critical speeds are minimized. The methods and results of the present study can provide references for the structural design
and optimization of the rotor system of pulse detonation turbine engines.
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