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Abstract —Recent studies emphasize the importance of pivot stiffness in the analysis of tilting pad bearings (TPBs).
The present paper develops a finite element model of the pad pivot and compares the predicted pivot stiffness to
the results of Hertzian contact model calculations. Specifically, a finite element analysis generates tetrahedral mesh
models with ~40,000 nodes for a ball-socket pivot and ~50,000 nodes for a rocker-back pivot. These models assume
a frictionless boundary condition in the contact area. Increasing the applied loads on the pad in conjunction with
increasing time steps ensures rapid convergence during the nonlinear numerical analysis. Predictions are performed
using the developed finite element model for increasing the differential diameters between the pad pivot (or ball)
and the bearing housing (or socket). The predictions show that the pivot contact area increases with decreasing dif-
ferential diameters and increasing applied loads. Further, the maximum deformation occurring at the pivot center
increases with increasing differential diameters and increasing applied loads. The pivot stiffness increases non-
linearly with decreasing differential diameters and increasing applied loads. Comparisons of results of the developed
finite element model to those of Hertzian contact model calculations assuming a small contact area show that the
latter model underestimates the pivot stiffnesses predicted by the finite element models of the ball-socket and rocker-
back pivots, particularly for small differential diameters. This result implies the need for cautionduring the design
of pivot stiffness by the Hertzian contact model.

Keywords —tilting pad bearing (2 & 3 = #]| o] &), pivot stiffness (3] & 7373), ball-socket pivot (E-27 3
%), rocker-back pivot (B-71-9 3] %), finite element analysis (3t 2 4~ 31 4]), Hertzian contact (3] 2=

Nomenclature E, : Modulus of elasticity for housing (GPa)
E, : Modulus of elasticity for pivot (GPa)
C, : see equation (2) F» : Load (N)
C, : see equation (2) Lz : Rocker back length (mm)
D, : Housing or socket diameter (mm) K, : Pivot stiffness (N/m)
D, : Pivot or ball diameter (mm) Z : Pad displacement at upper surface (m)

v, . Poisson’s ratio for housing (-)
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Fig. 3. Rocker-back (cylindrical) pivot[9]. R,: Pivot or ball
radius (= 0.5D,), R,: Housing or socket radius (= 0.5D,).
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Fig. 4. Mesh generation of FEA model for ball-socket
pivot.

Table 1. Design parameters for ball-socket pivot [3]

Pivot type Ball-socket
Ball diameter, D, (mm) 101.6
Differential diameter, D,-D, (um) 25.4~127
Ball modulus of elasticity, £, (GPa) 200
Ball Poisson’s ratio, v, (5 0.3
Socket modulus of elasticity, £, (GPa) 103
Socket Poisson’s ratio, v, (-) 0.34
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Fig. 5. Distributed force on rigid upper pad surface for
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Fig. 6. Stiffness calculation model for ball-socket pivot.
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Fig. 7. Mesh generation of FEA model for rocker-back
pivot.

Table 2. Design parameters for rocker-back pivot [3]

Pivot type Rocker back
Housing diameter, D, (mm) 228.6
Differential diameter, D)-D, (mm) 1.0~152.4
Rocker-back Length, Lz (mm) 120
Pivot modulus of elasticity, £, (GPa)’ 200
Pivot Poisson’s ratio, v, (-)’ 0.3

*Note: same material for pivot and housing.
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