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ABSTRACT

7-tonf turbopump real-propellant tests in Naro Space Center were conducted and
high-frequency signals from an accelerometer and pressure sensors installed on the casing and the
inlet/outlet pipeline of LOX pump were analyzed to estimate the structural and hydrodynamic
stabilities. Waterfalls, frequency spectrums and RMS(Root Mean Square) values of the measured
signals were calculated and characteristic instability frequencies by the rotating cavitation and the
rear floating ring seal(F.R.S) were investigated. Static pressures of the inlet/outlet pipeline and an
acceleration of the pump casing are strongly affected on pressure fluctuation induced by the rear
floating ring seal in the leakage path. Despite the acceleration RMS value seems totally small, the
rotating-speed-related synchronous frequency affecting the shaft instability is distinctly observed in

the frequency contour.
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Fig. 2 H.F Sensors spec & position on LOX pump.
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Fig. 3 Time signal of accelerometer(LA104).
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Table 1. Acceleration characteristic frequencies.

Harmonics of

rotating speed Related factor
1X Unbalance
1.2X Rotating cavitation
2X Misalignment
3X Inducer blade Number
4X Inlet strut Number
6X Impeller blade Number
12X Impeller splitter Number

LOX FR.§

, Instability ~
)71 ®E

500 1000

1500
Frequency(Hz)

Fig. 4 Waterfall of acceleration(0-3,000 Hz).

o] 2uj(F AR o), 3ul(AFTA 2, 4
w7 2E8 i), sair(1Xel iz, 6
Hl(ddy G4), ovlg (X =), 128
F(dA= =& ) T o FdF a1z A
= 2 A3 shulE o] H(rotating cavitation)ell £}
g 3o oF 128 o] F3le] #EHS
o A3 shHlEloldel o3k 3] 12w
AR AFAe Ul A9l EAsE 223
3] FiHE o] M (super-synchronous  rotating

cavitation)¥} ##o] 9lon z+ 7 W FF
(cavity)ol IFFA 9] 7 W&oz 3zF9 0.1
-03e] Fr|2 A7t wERFHoE WHIHA

TAstE Aow e JTH12-13].

A A7 110x 22 F43% A% =71 &
& 5000 Hz ©ol/de] 33t Fojoa Ayt
Fub Al o Aoln dsAEE 9 &
28 ol o3 A= Ao 2 Kol 300-400
Hz 29 So] a4 8 323 JR5& A
g A 1102 o]F Ay AlgAE e B

T AUtk

Fig. 6 AlZtell w2 A5 7] Fa+ 2
Fo uxue] F7] WsE ekl adze A
AE FEd SR 1, 6, 12015 o] F

BEe Fa) 45 AuEol o] o 280% ol F
A gAY & 9t

8288

(s)

g0
=250
200

%00 4000

6000 7000
Frequency(Hz)

Fig. 5 Waterfall of acceleration(3,000-10,000 Hz).
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Fig. 6 Harmonics of rotating speed.
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Fig. 7 RMS of band pass filtered acceleration.

32 AEAE A

10-10,000 Hz ¥9¢ 9 &EHZHE T3 W
e 2hSAIPZ QJH(FOIP) 2 ET(FOEP) Hl
o] HEHdT A < Fig. 991 YERA
o A dage 0.23 bar, 0.97 barZ
A=A dEHE AseE JHEEYdE 2
AE AZ T ok 11027F Ad AHA 2 Z
9o ZAa7F e ol &1 wlTe 4¥AdE
Az oA 53] At

A4, 7 w9 AdHAHT 2T waterfall&
Fig. 10-11] JeRidch. A+ widels 34
9 1, 3, 4, 687 AES HFE3to] Hu] EYJo
2 Holy tgg EA U9 Fag¢ JEE0]
vetdth EF @M s [ A8 I
2, 3, 4, 5 6HlFe 1z FEo] JEehuH 4
AFEZ T Z2E Hol 93 HAOoE Hol:
300-400Hz 9] Fo] Fa¢t 2-6 v 1
z3 AEse] A AR 1102744 w9 A8

Az
7zt

).

p

3 1X1.2X 3X 6X_ 9X12X 18X

N

Acceleration(g)

| Il
s

1]
10' 107 10° 10¢
Frequency(Hz)

Fig. 8 Frequency spectrum of acceleration(500 sec).
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Fig. 9 RMS of inlet & outlet pressure fluctuation.
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Fig. 11 Waterfall of outlet pressure fluctuation.
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