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The correct evaluation of stiffness and damping coefficients of tilting pad journal bearings is fundamental for 

correct design and operation of turbomachinery. The dynamic characteristics of the bearing depends on both 

the lubricant film thickness and the pad-pivot system. In this work the behavior of the pad-pivot system of 

ball and socket bearings has been investigated both numerically and experimentally with particular attention 

to  the  pivot  stiffness.  Under  certain  loading  conditions  the  pad-pivot  system seems  to  have  a  stiffness 

comparable to the one of the lubricant film for the tested bearing.
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1. Introduction

Tilting pad journal bearings (TPJB) are usually em-

ployed in turbomachinery for their stable behavior 

at high rotational speeds. The rotor dynamics is in-

fluenced  by  the  characteristics  of  the  bearings. 

Therefore  an  accurate  evaluation  of  the  bearing 

stiffness and damping coefficients is  fundamental 

for correct design and operation of a rotating ma-

chine.  The determination of  the bearing dynamic 

coefficients can be done numerically or experimen-

tally. However, there are several aspects influenc-

ing  the  bearing  behavior  that  are  not  easy  to  be 

taken into account in simulations,  so that experi-

mental validations are always of fundamental im-

portance. Stiffness and damping characteristics of 

the  bearing  are  influenced  by  both  the  lubricant 

film thickness and the pad-pivot system behaviors. 

In particular pivot stiffness is often evaluated in the 

numerical programs using the formulas reported in 

[1]. Unfortunately these formulas are based on the 

classical Hertzian theory and their applicability is 

questionable particularly for ball and socket pivots. 

This  study  aims  to  investigate  both  numerically 

and experimentally the influence of the  pad-pivot 

system characteristics on the bearing dynamic co-

efficients of ball and socket bearings. 

2. Methods

Some tests were performed in order to evaluate the 

stiffness of the pad-pivot system of TPJBs with the 

experimental rig described in [2]. The apparatus is 

able to apply static and dynamic loads to the bear-

ing and to measure the relative displacement  be-

tween the fixed rotor and the floating bearing hous-

ing. It is normally used for investigating static and 

dynamic characteristics of the bearings. An exam-

ple of TPJB tested with the  rig is shown in Fig.1. 

The bearing has four pads with babbitt coating. The 

spherical  pivot  fixed  inside  the  curvature  of  the 

bearing and the spherical seat on the back of the 

pad are shown in Fig.1a and Fig.1b respectively.
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Figure 1: Four pad TPJB with one pad dismounted (a) 

and back of the pad (b).

Tests  with  different  static  loads  were  performed 

and  the  corresponding  displacements  were  mea-

sured  in  order  to  evaluate  the  pad-pivot  stiffness 

characteristics. 

Finite element calculations were made to evaluate 

the different  deformation contributions of  babbitt 

coating, pad and spherical pivot.

The effects of other aspects, such as friction in the 

pivot, have been investigated.

Commercial programs for the study of tilting pad 

journal bearings have been used to see the influ-

ence of the pad-pivot behavior on the dynamic co-

efficients.

3. Discussion

Experimental  and  numerical  results  have  been 

compared. The results are in quite good agreement. 

Preliminary results show that the pad-pivot system 

could  have  stiffness  comparable  to  that  of  the 

lubricant film for the tested bearing.

4. References

[1] Kirk, R. G. and Reedy, S. W., “Evaluation of Pivot 

Stiffness for  Typical  Tilting-Pad Journal Bearing 

Designs”,  ASME J.  Vibration,  Acoustics,  Stress, 

and Reliability of Design, 110, 1988, 165-171.

[2] Ciulli, E. et al., “Set-up of a novel test plant for 

high  power  turbomachinery  tilting  pad  journal 

bearings", Trib. Int., 127, 2018, 276-287. 

7th World Tribology Congress, WTC 2022
July 10-15, 2022, Lyon, France

WED-T9-S9-R1

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org

