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Critical Speed Analysis of the Turbopump

considering the Casing Structural Flexibility
Seong Min Jeon*, Hyun Duck Kwak*, Suk Hwan Yoon* and Jinhan Kim*

ABSTRACT

A critical speed analysis is performed for a 30 ton thrust turbopump considering the
casing structural flexibility. A full three-dimensional finite element method including rotor
and casing is used to predict rotordynamic behavior. Rotor alone model and rotor-casing
coupled model with fixed-fixed and free-free boundary conditions are calculated to
investigate the effects of the casing structural flexibility. The stiffness of ball bearings are
applied as unloaded and loaded values to consider rotor operating conditions in vacuum
and real engine respectively. From the results of the numerical analyses, it is found that
the effect of the casing structural flexibility reduces the critical speeds of the turbopump.
Especially, the loaded rotor condition with higher bearing stiffness is affected dramatically
rather than the unloaded rotor condition with lower bearing stiffness.
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Fig. 1.

Rotor layout of turbopump
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Fig. 2. 3-D finite element model
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(b) Rotor-casing coupled model (205.6 Hz)

Fig. 3. 1st mode shape without bearing load
in the fixed—fixed boundary condition
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Table 2. 1st critical speed without bearing load

Numerical model 1st Critical Speed

(rpm)

1-D beam model 15,300

3-D rotor alone model 15,300

3-D couple model (free-free) 15,300

3-D couple model (fixed-fixed) 14,100
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Fig. 5. 1st mode shape with bearing load in
the fixed—fixed boundary condition
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Table 3. 1st critical speed with bearing load

Numerical model et Cri(tirg?r!)Speed
1-D beam model 28,700
3-D rotor alone model 28,200
3-D couple model (free—free) 22,300
3-D couple model (fixed-fixed) 21,800
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