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Dynamic characteristics simulation and analysis for the flexible

rotor of an ultrahigh speed hydrogen turbopump

DU Jialei, WANG Yixuan, LI Ming,JIANG Xugiang, CHU Baoxin
( Beijing Aerospace Propulsion Institute, Beijing 100076, China)

Abstract ; This paper concerns the design of rotor dynamic characteristics of an ultrahigh speed hy-
drogen turbopump for a 25 tf expander cycle engine. The dynamic model of the rotor-bearing system was
established using finite element method. The influence of design parameters on the critical speeds and sta-
bility of the rotor was calculated and analyzed, considering the effects of vibration of supporting structure,,
fluid forces of seals and variation of supporting stiffness and damping coefficients with rotational speed,
etc. Some improvement measures for the rotor system were put forward. The results show that the presented
design scheme of the turbopump rotor system can meet the rotor critical speed and bending strain energy
rate design criteria, and the initial design objectives. The minimum first-order logarithmic decrement of
the rotor in the working speed range is about 0. 15, which achieves the minimum standard for rotor stabil-
ity design criteria. According to the test experiences of other turbopumps, measures should be taken to in-
crease the logarithmic decrements to more than 0. 22. It is suggested that the stiffness of the elastic sup-

porter at the pump end should be weakened properly, and the fluid seals in the cantilever section of the
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rotor should be redesigned from a tooth-shaped structure to a more damped orifice structure, so as to fur-

ther improve the stability margin of the rotor.

Keywords : hydrogen turbopump; flexible rotor; rotor dynamics; critical speed; stability
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Fig. 1 Rotor system of the hydrogen turbopump
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Fig.2 Schematic diagram of supporting

structure vibration model
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Fig.3 Finite element model of the rotor system
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Tab.1 Critical speeds and bend strain energy rates of

the reference state rotor
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Fig.4 First three mode shapes of the

reference state rotor
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Fig. 5 Effect of supporting stiffness on

rotor critical speeds
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Tab.2 Additional stiffness and damping from seal fluid at rated speed
W MIEE/ (N - mm ™) Be/(N-s-mm™")
(W0 K., K, K, K, C., c, C,. c,
7 259.4 54.9 -54.9 259.4 0.040 5 0.026 5 -0.026 5 0.040 5
10 317.2 721.5 -721.5 317.2 0.072 6 0.0129 -0.0129 0.072 6
13 146.7 407. 1 -407. 1 146.7 0.078 5 0.013 2 -0.013 2 0.078 5
15 225.1 110. 4 -110.4 225. 1 0.057 9 0.0159 -0.0159 0.057 9
17 465.9 240.5 -240.5 465.9 0.363 6 0.027 9 -0.0279 0.363 6
23 1314.6 244.0 -244.0 1314.6 0.1720 0.030 8 -0.030 8 0.172 0
25 30.2 2.9 -2.9 30.2 0. 000 2 0.001 4 -0.001 4 0. 000 2
27 320.7 88.7 -88.7 320.7 0.057 0 0.036 5 -0.036 5 0.057 0
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Tab.3 Critical speeds considering the effect of additional

stiffness and damping from seal fluid
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Fig. 6 Effect of blade disk mass variation on rotor critical speeds
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Tab.4 Comparison of stiffness and damping between

before and after seal improvement
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Fig. 9 Comparison of rotor logarithmic decrement

between before and after seal improvement
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