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Investigation on the Strength and Vibration Safety of
the Oxidizer Turbopump

Seong-Min Jeon, Jin-han Kim),

S00-Seok Yang, DaeSung Lee
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ABSTRACT

Structural and dynamic analyses of inducer and impeller for an oxidizer turbopump are peformed to investigate
the safety level of strength and vibration at a design point. Due to high rotational speed of turbopump, effects
of centrifugal forces are carefully considered in the structural analysis. Hydrodynamic pressure is also

considered as an external force applied to inducer and impeller blades. A three-dimensional Finite Element

Method (FEM) is used for linear and nonlinear structural analyses with modified Newton-Raphson iteration

method. After the nonlinear trim solution is obtained from the structural analysis, dynamic characteristics

are obtained as a function of rotational speed from the lincarized eigenvalue analysis at an equilibrium

position. According to the results of numerical analysis, the safety margins of strength and vibration

resonances are sufficient enough for safe operation within the required life cycle.
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Fig. 3 (a) Stress and (b} deformation of inducer blade under the centrifugal and hydrodynamic pressure {oad

Table 4 Natural frequencies of inducer blade (unit : Hz)

Mode Mode 50000 50000 rpm
0 rpm

no. shape rpm + pressure

1 0 nodal line 6960 7039 7038

2 1 nodal line &34 8605 8605

3 2 nodal line 9498 9564 9564

4 3 nodal line 10610 10670 10670

5 4 nodal line 11920 11980 11980
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Fig. 4 Campbell diagram of inducer blade
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Fig. 7 (a) Stress and (b) deformation of impeller under the centrifugal and hydrodynamic pressure load

Table 6 Natural frequencies of impeller (unit : Hz)

Mode 50000 rpm
Mode no. shape 0 rpm | 50000 rpm + pressure
1
i) @ 4803 4818 4817
2 @ 6646 6743 6741
(A,
5 O 7527 w77 7575
(A0
1 @ 11540 11550 11550
(f2,0)
> @ 13680 13710 13700
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6 @ 15090 15210 15200
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