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Abstract — This paper focuses on the thermal deformation induced preload change in the tilting pad journal bear-
ing, using a three-dimensional (3D) thermo-hydro-dynamic (THD) approach. Preload is considered as a critical
factor in designing the tilting pad journal bearing. The initial preload measured under nil external load and nil
thermal gradient is influenced by two factors, namely, the thermal deformation and elastic deformation. Thermal
deformation is due to a temperature distribution in the bearing pads, whereas the elastic deformation is due to
fluid forces acting on the pads. This study focuses on the changes induced in preload and film clearance due to
thermal deformation. The generalized Reynolds equation is used to evaluate the force of the fluid and the 3D
energy equation is used to calculate the temperature of the lubricant. The abovementioned equations are com-
bined by establishing a relationship between viscosity and temperature. The heat transfer within the bearing pads,
the lubricant, and the spinning journal is calculated using the heat flux boundary condition. The 3D Finite Ele-
ment Method (FEM) is used in modeling the (1) heat conduction in the spinning journal and bearing pads, (2)
thermal gradient induced thermal distortion of the spinning journal and pads, and (3) viscous shearing, and heat
conduction and convection in a thin film. This evaluation method has an increased fidelity, and it can prove to
be a cost-effective tool that can be used by designers to predict the dynamic behavior of a bearing.
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Fig. 2. Algorithm for static equilibrium analysis of journal-
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Fig. 3. Measurement of thermal deformation induced
preload change.
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Table 1. Bearing input parameters

Bearing configurations
Number of pads 5
Load configuration LBP
Offset 0.5
Pivot configuration Cylindrical
Unit load (KPa) 2400
Rotor spin speed (rpm) 10,000
Pad arc length 57.87
Journal diameter (mm) 101.587
Bearing length (mm) 60.325
Pivot circumferential radius (mm) 124
Pivot axial radius (mm) 2540
Bearing clearance (mm) 8.14x107

Table 1. Continued

Bearing configurations

Preload 0.5464
éﬁ;eiz?irzlsézig (Pas) at reference 0.0228
Viscosity coefficient (Pa-s) 0.0293
Supply lubricant temperature (°C) 433
Mixing factor () [6] 0.9
Thermal boundary condition around shaft Co;;/;céi)ve,
Thermal boundary condition around Convective,
bearing pad 50(°C)
Convection coefficient (W/m?) 50
Pad thickness (pivot, center) (mm) 18.5
Pad thickness (edge, end) (mm) 11.5
Young’s modulus (Pa) 2.12x10"
Heat conductivity (W/(mK)) 50
Poison's ratio 0.29
Pad thermal expansion coefficients (1/°C) 1.00x10°
Reference temperature (°C) 35
Bearing housing configurations

Housing circumferential radius at pivot 139
location (mm)

Housing axial radius at pivot location (mm)  2540x10°
Young’s modulus (Pa) 2.06x10"
Poison's ratio 0.288
Shaft input parameters

Young's modulus (Pa) 2.10x10"
Heat conductivity (W/(mK)) 50
Poison's ratio 0.3
Thermal expansion coefficients (1/°C) 1.00x10°
Reference temperature (°C) 35
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