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Abstract: The static and dynamic characteristics of tilting-pad thrust bearing (TPTB) considering the lubricant 

viscosity-temperature effect and pad elastic deformation are first analyzed by theoretical 

thermalelastohydrodynamic (TEHD) modeling. The TPTB test rig with electric oil pump is designed and built to 

apply axial loads and sinusoidal hydraulic excitation due to the opening changes in the overflow valve. An 

Instrumental Variable Filter (IVF) algorithm is developed to identify the TPTB stiffness and damping coefficients 

with pad pivot stiffness considered. Compared to the experimental results, the calculated TPTB temperature is more 

accurate after using the TEHD model. The TPTB stiffness and damping coefficients calculated by the pressure 

perturbation method are reasonably close to the experimental results with low-amplitude and low-frequency 

hydraulic excitation. 
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1 Introduction 
The axial force of rotating machinery is composed of static force and dynamic force components. For turbine 

machines in power generation and refining petroleum, a balance disc is usually used to balance part of the static 

axial force, while the thrust bearing is used to bear the residual axial force. When excessive axial force occurs under 

machine working conditions and makes oil film stiffness on the thrust bearing surface exceed the standard, it will 

cause the bearing temperature to be too high, and may result in a pad fault due to overheating. The balancing force 

capability of the balancing device is relatively fixed, so the maximum dynamic forces generated in some operating 

conditions are mainly supported by the thrust bearing. The stiffness and damping coefficients of the thrust bearing 

are the main parameters that suppress the axial vibration of rotor. If the dynamic force is too large, the axial 

displacement will exceed the designed operating clearance and may lead to the damage of thrust bearing and the 

potential of a serious accident occurs. Therefore, with the increase of excitation force and rotation speed, the 

accurate prediction of static and dynamic characteristics of thrust bearings becomes more important. Meanwhile, 

the validation of the theoretical predictions by comparison to available experimental verification is essential. 

Both theoretical and experimental research on the static characteristics of thrust bearing are very mature but 

stiffness and damping properties have not been as widely developed. Etsion[1, 2] , Huebner[3], Tieu[4], Kim [5], 

and Jeng[6-8] et al belong to the earlier scholars studying the steady state performance of thrust bearings, who 

contributed to build the theoretical model, and derived the solution of the Reynolds equation and the energy 

equation, but the researches were limited to the THD model and lack the relevant experiments. Dadouche and 

Fillon[9, 10] built a vertical thrust bearing test rig to compare and analyze the experimental data with the THD 

model simulation results of the fixed-pad thrust bearing, and the effect of oil supply temperature, bearing load and 

rotation speed on temperature field, oil film thickness and power loss were discussed. Glavatskih[11-13] completed 

the design and construction of a horizontal thrust bearing test rig with hydraulic loading to measure steady 

performance of thrust bearings. Later, Fillon and Glavatskih[14, 15] upgraded the THD model to a TEHD model, 

and investigated PTFE-faced centre pivot thrust pad bearings. Wodtke[16, 17] studied the influence of runner 

deformation and heat convection coefficient on results of TEHD analysis, and compared the predicted values with 

the measured data collected during a big hydro turbine thrust bearing operation. 
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