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Tribo Test Apparatus for Deep Groove Ball Bearing used in
LNG Pumps: Evaluation of Dynamic Stability

Yeongdo Lee*, Wonil Kwak**, Yunseok Ha®, Jeonkook Lee**, Yongbok Lee**t

Key Words : LNG pump(LNG E3), Cryogenic(55/<), Ball bearing(E H#]9%), Performance test( 4 E)
ABSTRACT

The ball bearings used to support the shaft of LNG pumps are nonstandard bearings. The bearings operate in the cryogenic
environment(-162°C) and they are a type of self-lubricated ball bearing using solid lubricant and have larger internal clearance
grade than general standard bearings. The defect in ball bearings is the most common failure cause of LNG pumps. In order
to ensure the stable operation of LNG pumps, it is important to optimize the design of bearings with the performance evaluation
test and reliability test that ensure fatigue life is also needed. In this paper, the tribo-test apparatus was developed for the
performance test and reliability test. This test apparatus is designed to evaluate the performance by measuring friction torque
and cage orbit of test bearings. Prior to the perform the ball bearing test, the verification test of the test apparatus was done
by operating for about 4 hours with the LN2(-189°C) submerged chamber. The stability of the rotor system(motor to shaft) was
monitored with the motor input current. The relation between motor input current and torque was confirmed by the test. After
the verification of the test apparatus, the performance test of a ball bearing was performed. As we verified, the rotor system
was stable and friction torque and cage whirling orbit was measured properly. From these results, we can expect that this

apparatus would be helpful in developing the process of ball bearings used in LNG pumps.

.M B TE B3E 1Y A4S a7 53] LNG HzLo
2% A F ol Hut -2 Etol g2 4] a40] At
LNG(liquefied natural gas) HZo| &2 & Hojglo] o] o of 709 o]ito|tt @ LNG B 715 % wlolgo] nAe
3 A A= o AMS-EE & wo]g2 Hl:tf wlojaol 3 A|AwElo] AlzFl 2ARS st S Qir) whabA], B Qb
FTh LNGHZO| = Ho]g> A SALS LNG 4] Aol 5 9 A7]2e fAHSS] o]HE afja= o]
(-162°C)7} B2+ oA etz & 50l WS @ As 9 £ 3L Bashy JEeEAdES 53
7] wfZol| o5 el Hlo]d o BA SHE AWMl & A4 Hrprl "asich oloh 2o AFE YEiME A
= HlojgH} 2 EA H‘E Zte C4 o2 AERITE ERL LNG o 1% S HASHe] AT 5= gl 2 Hjo]
A9l Ay, e Addf 22 A S2E AREHA| 3} g AEAA 2 Aol Haslrt,
7] gel] A g8 WS ARgSiTh o)Ay dRbAQl & U elofAl= LNG Hxg wo]at 22 G4 3o
= vl Adolgt I3 A9 e 2AS 2] i A FHEst= 27 BHE Hixg dj|ojy P ALso] A8y

* 7| edgdsrdaista oL X338 Energy engineering, University of Science and Technology)
o St ulsly) <A Y (Korea Institute of Science and Technology)
T WAIA A}, E-mail : lyb@kist, re kr

The KSFM Journal of Fluid Machinery: Vol. 26, No. 6, December 2023, pp.21~30(Received 07 Jul. 2023; revised 12 Oct. 2023; accepted for publication 18 Oct. 2023)
SRRV HER] =28 H26H, MBS, pp.21~30, 2023(=28 =Lk 2023.07.07, =248 LUXE 2023.10.12, AARRAS XL 2023.10.18) 21



1.Preliminary Test

2.Performance Test

O|F= - 0|8=

Cryogenic Ball Bearing Test Rig
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Fig. 1 Overall work flow of cryogenic ball bearing test
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Fig. 2 Appearance of cryogenic ball bearing test rig
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Fig. 3 (a) Schematic of main rotating part and seal components in cryogenic ball bearing test rig (b) brass ring

23



== | N2 flow path

LN2 tank

Fig, 45 B3 o3&+
B2 HE gy Yy
& ARgBto] A Ao A

=
o5 WILE FFY) 95t U 207

of x5tk oA

dA=jo] 2o} 35S %
WA gkt
SECEREL
ol

Manual valve

Mass flow meter

O|F= - 0|8=

Analogue
pressure gauge
Manual valve
Yent
= v

Pressure regulator s !

Fig. 4 Piping and instrument diagram of cryogenic ball bearing test rig
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Fig. 5 Schematics for explaining the measurement method of (a) friction torque and (b) cage orbit
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