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Dynamic characteristics of rotor system subjected to

pulse detonation aerodynamic loads
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Abstract: In view of the periodic and unsteady aerodynamic loads of pulse detonation
turbine engine (PDTE), finite element method was used to establish a dynamic characteris-
tics calculation model for rotor system of PDTE. On the basis of verifying the accuracy of the
calculation model, the effects of periodic and unsteady axial force and torque on the dynamics
characteristics of rotor system were studied. The results show that compared with traditional
gas turbine engine, the rotor system of PDTE has bending vibration, axial vibration and tor-
sional vibration at the same time. Aerodynamic loads of pulse detonation combustor change
bending stiffness of rotor system, but it has little effect on bending vibration in case of rea-
sonable design. Periodic and unsteady axial force causes axial vibration of rotor system, and
the axial vibration characteristics are mainly affected by the responses at zero frequency and

the first order axial resonance frequency. When PDTE is in service state, the axial reaction
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force of ball bearing changes direction continuously, which should be considered in the de-

sign of ball bearings. Periodic and unsteady torque causes torsional vibration of rotor sys-

tem, and the first order torsional resonance frequency component is dominant in torsional vi-

bration response.

Key words:

pulse detonation turbine engine; unsteady aerodynamic loads;

rotordynamics; bending vibration; axial vibration; torsional vibration
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Fig. 2 Discrete dynamics model of rotor system
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Table 2 Stiffness and damping coefficients of

rolling bearing
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# D2 i/ kg 7.0
# D1 HR¥ s Bt/ (kg + m®) 0.043
# DI W sh i/ (kg + m*) 0. 086
#k D1 FE 2%l 70 3 ¥ 2/ mm 100
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Fig. 3 Aerodynamic load on turbine
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