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Critical Speed Analysis of a 7 Ton Class
Liquid Rocket Engine Turbopump

Seong Min ]eon** - Jinhan Kim*

ABSTRACT

A rotordynamic analysis is performed for a 7 ton class turbopump applied to the third stage
LRE(Liquid Rocket Engine) of the KSLV(Korea Space Launch Vehicle). Based on the heritage of the
developed experimental 30 ton class turbopump and developing 75 ton class turbopump for the KSLV
first and second stage LRE, the 7 ton class turbopump is designed as an one-axis rotor turbopump.
Two rotor systems comprised of one oxidizer pump assembly and the other fuel pump-turbine
assembly are connected each other using a spline shaft and operating at a design speed. Through the
rotordynamic analysis, it is investigated that the turbopump acquires sufficient separate margin of

critical speed as a sub-critical rotor.
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Fig. 1 Rotordynamic model of oxidizer pump
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Table 1. Mass, mass moment of inertia, allowable
mass unbalance of oxidizer pump

Inducer Impeller
Mass, kg 0.1684 0.3863
Transverse MOI
) 48.07 150.2
Lo=lyy, kg - mm
Polar MOI
) 34.25 258.5
I, kg - mm
Mass unbalance
0.1489 0.3416
G25, g - mm
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Fig. 2 Oxidizer pump bearing stiffness (unloaded
condition)
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Fig. 3 Oxidizer pump whirl frequency (unloaded
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Fig. 4 Oxidizer pump bearing stiffness (loaded
condition, radial 0.6 kN, axial 1 kN)
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Fig. 5 Oxidizer pump whirl frequency (loaded
condition, radial 0.6 kN, axial 1 kN)
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Fig. 6 Rotordynamic model of fuel pump and

turbine
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Table 2. Mass, mass moment of inertia, allowable
mass unbalance of fuel pump and turbine

Inducer | Impeller | Turbine
0.1451 | 0.5003 2.807

Mass, kg
Transverse MOI

,| 55.65 289.9 5,210
Lo=lyy, kg - mm

Polar MOI
I, kg - mm
Mass unbalance

26.99 516.5 10,380

2

01283 | 0.4424 2.482

G25, g - mm
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Fig. 7 Fuel pump bearing stiffness (unloaded

condition)
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Fig. 8 Fuel pump-Turbine whirl frequency (unloaded
condition)
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Fig. 9 Fuel pump bearing stiffness (loaded condition,
radial 1 kN, axial 1 kN)
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7 ton TP Fuel pump & Turbine

Loaded condition : radial TkN, axial 1kN
Load angle : 180 degree

Turbine mean : 210 (2.807 kg)
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Fig. 10 Fuel pump-Turbine whirl frequency (loaded
condition, radial 1 kN, axial 1 kN)
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