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Investigation on the Strength and Vibration Safety of
the Oxidizer Turbopump
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ABSTRACT

Structural and dynamic analyses of inducer and impeller for a oxidizer turbopump are peformed to
investigate the safety level of strength and vibration at 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 linearized eigenvalue analysis
at an equilibrium position. According to the results of numerical analysis, the safety margins of strength and
vibration resonances are sufficient enough to be operated safely within the required life cycle.
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Fig. 1 Inducer configuration
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Table 1 Inducer blade step length

Axial position 21 mm 18 mm 12 mm

Step length 30 mm 36 mm 45 mm

Table 2 Mechanical properties of steel alloy 07X16H6
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Fig. 2 Impeller configuration
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Table 3 Stress and deformation of inducer blade

, Centrifugal . Centrifugal
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Fig. 3 (@) Stress and (b) deformation of inducer blade
under the centifugal and hydrodynamic
pressure load
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Table 4 Natural frequencies of inducer blade (unit : Hz) -

50000 rpm

Mode 50000
Mode shape | 0 rpm + pressure

no. pm

1 |0 nodal fine | 6960 7039 7038
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3 | 2 nodal line | 9498 9564 9564
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5 {4 nodal line| 11920
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Fig. 4 Campbell diagram of inducer blade
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Fig. 5 (a) First vioration mode shape (b} second
vibration mode shape of inducer blade

222 dEy
dde 72 H42 HAd9E, Egoi=g gy
7h dAe) F2ER 3] WEe 50000 rpme =
Hdd e ddgs meagdy, AT FA o4
of o dd EHoj=d g FFE neisd
Ztzh AR A3 Hdg g st
A& A= Table 59 2} HRrHxe 2%
gol #7] Wi FE 2= BVKAAMY AP A=
(tensile strength)E °l&3t 7= 7= AAAFE
T
Fig. 69141g o] ¢4d2 geol=t & ZE2 §
oA U7 WEel AdHel A FFL 2
g oohe 3§ $3¥e AEUd %
Edol=e Y e A @

Table 5 Stress and deformation of impeller

. Centrifugal . Centrifugal
C??nﬁfd +Pressure ?aﬁ?ﬁg% +Pressure
mnear (linear) | "°™" | (nonlinear)
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Stress
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Maximum | 0.0614 | 0.0422 | 0.0618 | 0.0424
deformation mm mm mm mm
Centrifugal load
Hydrodynamic pressure

Fig. 6 Applied load vector at impeller
blade
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(b)
Fig. 7 (@) Stress and (b) deformation of impeller

under the centifugal and hydrodynamic
pressure load
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Table 6 Natural frequencies of impeller (unit : Hz)
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no. shape 0 rpm omy e, pressure
1
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Fig. 8 Campbell diagram of impeller
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