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Influence of textured journal bearings on rotor’s dynamic behavior
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Abstract: The surface texturing of journal bearings is one of the methods currently applied to increase its performance
mainly by increasing load capacity and/or reducing friction. The objective of this work is to determine the influence
of textured journal bearings on the dynamic behavior of the rotor, verifying how the instability threshold is changed
due to the presence of different texturing parameters for the journal bearings. Journal bearings fully textured with
cuboid, cylindrical and spherical cap shapes were simulated considering a established range of maximum depths for
the textures in order to determine the respective damping factor diagrams of the rotating system. Results show that the
insertion of textures in the bearing surface decreases the instability threshold of the rotating system for the simulated
textures’ distribution and parameters.
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INTRODUCTION

Development of rotating machines has increasingly demanded improvement of journal bearings that act as supporting
structures for the system. The lubricating fluid film that separates the surfaces of bearing and shaft allows the support
of large loads at high speeds as well as drastically reduces friction between the bearing-shaft pair. Texturing of journal
bearings’ surface is meant to improve its load capacity and/or friction characteristics and many investigations have been
developed in this area as shown in Etsion (2013), Wang (2014) and Gropper et al. (2016). In addition to study the journal
bearing’s performance changes due to surface texturing it’s also important to understand how the dynamic behavior of the
rotating system supported by such textured bearings can be affected. Significant results were reported by Yamada et al.
(2018) showing the delay of the instability threshold and Matele and Pandey (2018) showing that in some cases can occur
anticipation of the instability threshold with textures insertion in journal bearing’s surface.

In this context, the present investigation consists in the development of a computational model capable of predict the
instability threshold of a rotating system supported by textured journal bearings aiming to verify whether or not the bearing
with textured surface is capable to change the instability threshold of the rotating system as well as to determine which
parameters of the textured surface are more significant on the observed behavior. The study of the instability threshold is
important for the analysis of the rotating system once it represents a fault condition of the system which is characterized
by the impact between shaft and journal bearings surfaces. The damping factor diagrams were analyzed in this study
considering the stiffness and damping equivalent coefficients of the bearings, searching for the instability threshold.

METHODOLOGY

Bearing lubrication model

The pressure field developed in journal bearing’s lubricant film can be mathematically described through Reynolds
equation as follows
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where p is the hydrodynamic pressure, µ is lubricant’s absolute viscosity, U is the linear velocity at shaft’s surface and
(x,z) are the coordinates established on bearing’s surface. The lubricant film thickness h for a smooth bearing can be
calculated as

h(θ) =Cr + eX sinθ − eY cosθ (2)

where θ = x
R with R being shaft’s radius, Cr is the bearing’s radial clearance, eX and eY are shaft’s Cartesian coordinates

relative to bearing’s inertial coordinates system. However, surface texturing introduces a correction term to Eq. 2 as
follows

h′ (θ ,z) = h(θ)+∆h(θ ,z) (3)
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Correction’s term values in Eq. 3 depends on surface textures geometry such that for cuboid and cylindrical shapes
it’s written as

∆h(θ ,z) = ry (4)

where ry is the texture’s maximum depth which is constant for both cuboid and cylindrical shapes. In case of spherical
cap textures correction’s term can be written as proposed by Tala-Ighil and Fillon (2015):

∆h(θ ,z) =
ry

r

√
r2− (x− xc)2− (z− zc)2,when

√
(x− xc)2 +(z− zc)2 ≤ r,

∆h(θ ,z) = 0,otherwise.
(5)

where (xc,yc,zc) are the coordinates of the textures’ centers with yc = 0 and r is textures’ surface radius which can be
obtained from textures’ density ρ .

Pressure distribution in the bearing can be obtained from Reynolds equation solution and from which is possible to
calculate the hydrodynamic forces. In order to properly evaluate the influence of textures in bearing’s pressure distribution
an adequately refined FVM (Finite Volume Method) grid should be employed and the respective discrete problem obtained
is solved through the Gauss-Seidel method. The equilibrium position of the shaft inside the bearing for a given operating
condition is determined using Newton-Raphson search method.

Applying perturbations to bearing’s equilibrium point in both position and velocity it’s possible to calculate stiffness
and damping coefficients for the component, as shown in Eq. 6.
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In Eq. 6, xeq is the position around the equilibrium position and ẋeq is the velocity.

Rotor model

Equation 7 describes the dynamic behavior of the rotating system with the global matrices obtained using the FEM
(Finite Element Method). The matrices of the shaft and disk elements are calculated using the works of Nelson and
McVaugh (1976) and Nelson (1980).

[M]{q̈(t)}+([C]+Ω [G]){q̇(t)}+([K]+ [Ke]){q(t)}= {F} (7)

where [M], [C], [G] and [K] are the global matrices of mass, damping, gyroscopic and stiffness, respectively, {F} is an
excitation vector, {q(t)} is the degrees of freedom vector and Ω is the rotor’s angular velocity. The additional stiffness
[Ke] considered in the model was introduced according to Friswell et al. (2010). The bearings are introduced in this model
by means of its stiffness and damping coefficients which are obtained as previously discussed.

From the global matrices of the rotating system it is possible to determine the dynamic matrix as follows

[A] =
[

[0] [I]
− [M]−1 ([K]+ [Ke]) − [M]−1 ([C]+Ω [G])

]
(8)

whose eigenvalues allow to determine the natural frequency (ωn) and damping factor (ζ ) of the system for each rotational
speed Ω. The instability threshold is obtained searching the rotational speed in which the damping factor becomes
negative.

RESULTS AND DISCUSSION

In order to verify the influence of bearing’s surface texturing on dynamic behavior of the rotating system, simulations
were carried out considering cuboid, cylindrical and spherical cap textures shapes also varying for each geometry textures’
maximum depth (ry). The rotor used in simulations is shown in Fig. 1 which is made of steel and is supported by two
bearings whose properties are indicated in Tab. 1. The bearing used in this work is the one proposed by Kango et al.
(2014).

Table 2 shows the cases simulated and the respective instability threshold values obtained, also showing the percentage
deviation from the values obtained for the textured bearings relative to the one of the respective smooth bearing. In all
cases a fully surface texturing is assumed for the bearing’s surface, with textures’ density ρ = 0.6075. A mesh with
584 volumes in circumferential direction and 184 volumes in axial direction was used. Figure 2 shows the damping
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Figure 1: Schematic representation of the rotor (in mm).

Table 1: Characteristics of the bearing proposed by Kango et al. (2014).

Parameter and Units Symbol Value
Diameter [mm] d 40
Length [mm] l 40
Radial clearance [µm] Cr 50
Absolute viscosity [Pa.s] µ 0.08

factor diagrams obtained for the respective smooth bearing (case 0) and for the textured bearings with textures geometric
parameters given by cases 2, 4 and 6 from Tab. 2.

(a) Case 0: Without texture (b) Case 2: Cuboid texture and ry = 40µm

(c) Case 4: Cylindrical texture and ry = 40µm (d) Case 6: Spherical texture and ry = 40µm

Figure 2: Damping factor diagrams for the different textures shapes.
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Table 2: Simulated cases and respective results.

Case Texture Geometry ry µm Instability threshold [Hz] Variation %
0 No Texture - 89.07 -
1 Cuboid 20 86.53 -2.85
2 40 76.73 -13.85
3 Cylindrical 20 84.13 -5.54
4 40 76.60 -14.00
5 Spherical 20 88.27 -0.90
6 40 80.13 -10.04

Results in Tab. 2 show that the instability threshold values for the textured bearings were always smaller than the
one obtained for the respective smooth bearing. The results in the literature show that there are texturing conditions that
anticipate the instability threshold (Matele and Pandey, 2018), as well as texturing conditions that delays the instability
threshold (Yamada et al., 2018; Matele and Pandey, 2018), showing that the surface texturing’s influence depends on the
specific texture’s distribution and geometric parameters analyzed. Moreover, the results in Tab. 2 show that the increase in
textures’ maximum depth tends to decrease the instability threshold value since textures effects become more significant.
Textures’ shape also influence the investigated instability threshold but with less significance than the textures’ maximum
depth being that spherical cap shapes caused the smaller reductions in the instability threshold values, respectively.

CONCLUSION

The present investigation showed that the insertion of textures on the surface of the bearing is capable to change the
dynamic behavior of the rotating system by changing its instability threshold. The results show that the simulated textured
bearings anticipate the instability threshold when compared to the one for the system supported by the respective smooth
bearing. Texture’s maximum depth is significant in the mentioned behavior being that an increase in this geometric
parameter decreases the threshold value accordingly.
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