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Abstract —The turbo pump of a liquid rocket engine is composed of three main parts: the oxidizer pump, fuel
pump, and turbine. Liquid oxygen (LOx) is the working fluid in the cryogenic environment in the oxidizer pump,
but tests are usually performed using liquid nitrogen (LN,), which has a boiling point similar to that of LOx but
is comparatively safer and easier to use for the test. In this study, a bearing test rig is developed and its per-
formance is evaluated using a cryogenic ball bearing with LN, as the working fluid. Verifying the performance
of the bearing test rig is crucial for ensuring correct working of the turbo pump unit in the liquid rocket engine.
A stable test rig for the bearing in a cryogenic environment makes the bearing technology enhance its reliability.
The test results show that the system operates stably and the requirement of performance time of 500 s is met.
The test results of temperature, motor speed, and torque are discussed. The developed cryogenic bearing test rig
is expected to help in widening knowledge and expanding research on ball bearings in the future.
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Table 1. Specification of the bearing test rig

Item Value
Operating temperature [°C] ~ -150
Axial: 15
Load range [kN] Radial: 5
Motor speed [rpm] 11,000
Working fluid LN,
Flow rate [liter/sec] 0~1.5
Load
caxial | oo
C | oo
1 MmOt
a | meter |
\
Load: Radial [ . t‘Lé IBTB%T}‘,‘E
Rotating shaft —— > I \ Test bearing
Inlet /
Working fluid —
: Water, LN2 {T:r_t
Temp. [ |
Inst oupling
oupling
Motor

Fig. 1. Schematics of the bearing test rig.
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Fig. 2. Housing after the test using LN.,.
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Fig. 3. Ball bearings used in the test (left: 6205, right:
6214).

Table 2. Specification of the cryogenic ball bearing

Item 6205 bearing 6214 bearing
Coating material Silver
Rotating speed [rpm] 11,000
: ?hgingi; X[nvlv‘fcll]th 25x52x15  70x125x24
No. of balls 9 10
Material of race Stainless steel
Material of retainer PTFE
Working fluid LN,

Case 1 (clearance) Lower limit of CN grade

Case 2 (clearance) Upper limit of CN grade

H FAE BWode ZHdgAgo R A Aste]
FA2ANME WT7AS i F JAEE 3 )
o]y A#e I Fig 37 7Zom LN, $HdA
Aol ARSE Buloie] A ZHFXR= Table 2
of veht vk A1E wlojge @ 7 & Eof
g 5 62059 6214 R4 £(Ag)S & 5um T
2 :Hﬂ%]- 5 71—71- CN&= Z%S’_;‘(]_E_ 71—1:E }_%3}0:]
APE Adaty] 2HFAE 7 7HE el CN =

&}kl H$-E Case 1, CNF A3l ZH$-Z Case 2
2 R3S

Case 19 sidstes EWlol® AFAF= Fig. 47
Fig. 79 YJERHSIT} Case 12] AlFolME HAE H|
ojgo] $xlehs 3 Wl PES Sbar FEOE
A&zt skdom 1 Hslk= Fig. 490 YERASITE ©]

Vol. 28, No. 4, August, 2012



170

10 T T T T T T

Pressure [bar]

o el

T M T M T M L M T M T
100 200 300 400 500 600
Time [s]

Fig. 4. Pressure at the housing (Case 1).
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Fig. 5. Variation of the motor speed (Case 1).
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Fig. 6. Variation of the temperatures (Case 1).
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Fig. 7. Variation of the torque (Case 1).
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Fig. 8. Pressure in the housing (Case 2).
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Fig. 9. Variation of the motor speed (Case 2).
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Fig. 10. Variation of the temperatures (Case 2).
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Fig. 11. Variation of the torque (Case 2).
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