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ABSTRACT

In this paper, we investigate the rotordynamic characteristics of turbopump system for 9.5ton

thrust liquid rocket engine.

A finite element method

is used to analyze the vibratior

characteristics of a rotor-bearing system. The turbopump rotating system is modeled by shaft

with sixty elements, nine rigid disks, four ball bearings and four floating ring seals. The

calculation results show that the margin of 1st critical speed is increased from 12% to 68% by

use of elastic damping ring. In addition, the margin of the 2nd critical speed near the operating

speed is increased from 30% to 63% by the stiffness and damping of floating ring seals.
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Table. 1 Ao SAZt
A Ekgmm@ | v |p (kgmmd)

AT 0000232 | 031 8350000
Steel 0000214 | 0288 | 7900000

Table. 2 DAREHT 5|MH FEZEo| EMH
Mass|Center| Ixx lyy lzz

58 6o | m |(E6|1ES|(EH
mrr 0.054| 0015 | 6626 | 5234 | 5412
"(‘f(‘f)gr 0034| 0064 | 1230 | 1190 | 11.07
P”r}fo‘;"ohee' 0:324] 0.105 | 1567 | 1576 | 1582

Impeller
(LOX) 0.060]| 0.157 | 11.78 | 7215 | 7214

Purmp wheel
(LCHA) 0.095| 0271 | 37.67 | 2031 | 20.29
Inducer
(LCHA) 0.090) 0.352 | 3529 | 3861 | 3555
Impeller
(LCHA) 0675/ 0396 | 5558 | 4427 | 442

Hub 0041] 0446 | 1246 | 6376 | 6342
Turbine  |1.382| 0498 | 4077 | 2050 | 2.050

Table. 3 & Hiojzl Z4y

NO | Stiffness H 1

! 839 C = 850kg/mm

23 6815 (Elastic damping Ring X&)
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Fig. 4. Campbell Diagram (Elastic damping ring)

Table. 4 AALZE sl Ao

No| Critical Speed Mode Shape

1| 44000 | 15769 | Angular tuming of a turbine
2 | 65080 | 65060 | Oxidizer Pump rotor bending
3| 70400 | 67040 Fuel Pump rotor bending
4 | 85200 | 85100 |[Spline coupling shaft bending

Fig. 8 4%} Critical Speed Mode Shape
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Fig. 9 Campbell Diagram (Floating Ring Seal)
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Table. 5 AIEE a4 23 (E2E & 4)

No| Critical Speed Mode Shape
1 22900 Angular tuming of a turbine
2 81300 Fuel Pump rotor bending
3 94620 Oxidizer Pump rotor bending
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