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Prediction of the Strength and Vibration Safety of the 30ton
Thrust Turbopump Turbine by Finite Element Analysis

Suk-Hwan Yoon*, Seong Min Jeon*, Kwan Ho Lee*, Jinhan Kim*
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ABSTRACT

Static and dynamic structural analyses of a turbine bladed—disk for a liquid rocket turbopump are
performed to investigate the safety level of strength and vibration at design point. During operation,
turbopump is exposed to various external loads. Therefore, the effects of them should be carefully
considered and properly modeled. First, due to the high rotational speed of the turbopump, effects of
centrifugal forces are considered in the structural analysis. Thermal load caused by severe temperature
differences is also considered. A three dimensional finite element method (FEM) is used for linear and
nonlinear structural analyses with modified Newton—Raphson iteration method. After the nonlinear solution
is obtained from the structural analysis, dynamic characteristics are obtained as a function of rotational
speed from the linearized eigenvalue analysis at an equilibrium position. From the analysis results,
characteristics of stress distribution and vibration were thoroughly examined and investigated.
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Fig. 2 Finite element model of a turbine-bladed disk
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Fig. 3 Convective heat transfer coefficients on turbine blade
surface
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Fig. 4 Transient temperature distribution of turbine-bladed disk : (a) at 0.3 sec, (b) at 35.0 sec and (c) at 120.0 sec
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Fig. 5 3D stress distributions at 120.0 sec according to thermal loads : (a) Von Mises equivalent stress, (b) radial stress and
(c) circumferential stress
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(@)

Fig. 6 3D stress distributions at 120.0 sec according to thermal loads and centrifugal loads :

(b) radial stress and (c) circumferential stress
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Fig. 7 History of max. Von Mises stress in turbine disk
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Fig. 8 Total deformation of turbine bladed-disk

Table 2 Deformation of turbine disk

Thermal load +

Thermal load only centrifugal load
Radial 0.902 mm 1.010 mm
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L O
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P

8134

n=2

D

1119

n=3

&

2051

n=4

&
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: 10O
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: |0|©
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®
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@
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13320
13320

9631

@
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9257 16570
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