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Coupling characteristics analysis of rotor eigenvalues based on
two degrees of freedom system
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Abstract: With the development of high flow turbopumps, the size and speed of impellers have increased
rapidly, resulting in the coupling vibration phenomenon of the turbopump. In order to keep the turbopump
running smoothly and reduce its vibration and noise, the coupling dynamics characteristics of the turbopump
rotor system were studied in this paper. Firstly, based on the simplified finite element model of the
turbopump, it was found that when the rotor frequencies of different orders approach each other in the
Campbell chart, two coupling characteristics phenomena of curve turning and merging would occur. Further
analysis of the rotor modes conducted for the coupling characteristic phenomenon showed the different orders
of the coupling characteristic modes would affect each other. Secondly, a two-degree-of-freedom system was
used to simulate the coupling characteristics of the rotor, and then the effects of coupling degree, damping
and gyroscopic torque on the characteristics were analyzed. Finally, investigation on the coupling dynamic
characteristics of the two-degree-of-freedom system revealed that the dynamic response would change
abruptly when the curve turning and merging occurred, leading to the increase of the coupling vibration

amplitude and even the instability of the system. The research results could provide theoretical guidance for
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Fig.15 Vibration mode diagram of two-degree-of-freedom system when curve-merging occurs
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