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Abstract — This study explores the characteristics of tilting pad journal bearings used in the high-speed rotating
shaft systems of centrifugal compressors. A centrifugal compressor is a high-speed rotating machine that is
widely used to compress gases or vapors employed in various industrial applications. It transfers the centrifugal
force of a fast-spinning impeller to the fluid and compresses it under high pressure. Many high-speed rotating
shaft systems, which require high stability, use tilting pad journal bearings. The characteristics of these bearings
can vary depending on several properties, and identifying the appropriate characteristics is essential to optimize
the design on a case-to-case basis. In this study, the authors perform a time-dependent analysis of the properties
of tilting pad journal bearings and the rotordynamics of the rotating shaft system using COMSOL Multiphysics
software. Specifically, the authors analyze the characteristics of the tilting pad journal bearings by performing
a parametric sweep using parameters such as pad clearance, maximum tilting angle, preload, number of pads,
and pad pivot offset. The authors then use the results of the bearing-characteristics analysis to evaluate the vibra-
tion of the rotating shaft and verify its operation within a desirable range. The understanding gained from this
study will allow us to determine the optimal properties of these bearings and the limiting operational speed using
COMSOL Multiphysics software.
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Fig. 1. Finite element modeling for rotor.
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Table 1. Element size for rotor

Element Iifr?righ Dl[arlrlllrit]ﬂr Element L[f:rit]h Dl[arilnr:?
1 9.9 30 11 110 58
2 50 47.6 12 10 85
3 50 47.6 13 20 47.6
4 20 60 14 50.8 47.6
5 20 47.6 15 50.8 47.6
6 31.75 47.6 16 20 47.6
7 31.75 47.6 17 135 85
8 20 47.6 18 333 47.6
9 100 58 19 66.7 47.6
10 20 90 20 50 30

Table 2. Disk parameter

Coupling  Impeller
Node 3 19
Density [kg/m’] 7,800 1,350
Diameter [mm] 48 253.85
Thickness [mm] 100 150
Unbalanced mass [kg-mm] 141.145 20.497
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Table 3. Tilting pad journal bearing parameters

Bearing 1 Bearing 2
Configuration LOP LBP
Size [mm] 101.6 x47.6  63.5x47.6
Pivot type Line
Pivot offset(f) 0.5
Preload 0.35
Max. tilting angle [deg] 0.04
Pad number 5
Pad thickness [mm] 4
Pad density [kg/m’] 7,800
Clearance [¢m] 50
ik,
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