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[eNeEN

The stability of hydrodynamic journal bearings is critically influenced
by surface texture geometry, particularly dimple location and shape.
This study investigates the effects of three dimple configurations
(partially textured-1, partially textured-2, and  fully
textured) and three dimple shapes (spherical, triangular and kite) on
bearing stability and transient response. A theoretical model is
developed by solving the modified Reynolds equation, accounting for
texture-induced perturbations in the fluid-film. The finite element
method (FEM) is employed to evaluate stability parameters such as
critical mass, threshold speed, and whirl frequency ratio and transient
trajectories under disturbances. Results reveal that the partially
textured-2 outperforms other bearing configurations, enhancing
hydrodynamic pressure and damping. Compared to plain bearings, this
configuration increases critical mass by 4.74%, and reduces whirl
frequency ratio by 0.75% at a dimple depth of 0.14. Among dimple
shapes, spherical-shaped textures exhibit superior stability due to their
asymmetric pressure distribution. Trajectory analysis demonstrates
that partially textured-2 bearings with spherical-shaped dimples show
stable cycles and lower vibration amplitudes than triangular and kite
shape bearing configurations. These findings provide valuable insights
for optimizing surface textures to improve bearing stability in high-
speed rotating machinery.

© 2026 Published by Faculty of Engineering

1. INTRODUCTION

The Journal bearings are critical components

issues, surface texturing in the form of micro-
dimples has emerged as a capable technique to
improve hydrodynamic lubrication and

in rotating machinery, providing support and
reducing friction between moving parts.
However, their performance is often limited by
instabilities such as oil whirl and whip, which
can lead to excessive vibrations and even
catastrophic failures [1]. To mitigate these

stability [2].

To effectively determine stability around
equilibrium, linear analysis plays a vital role in
the transient response analysis of journal
bearings. This involves calculating stiffness and
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damping coefficients through small
perturbation techniques, which are crucial for
predicting the linear transient response to
minor disturbances. Swami et al. [3] have
investigated the role of lubricant film dynamics
with non-Newtonian lubricants, highlighting
their impact on stability. Jain et al. [4]
emphasized the importance of precise stiffness
and damping coefficient calculations, as these
directly influence the forces generated within
the bearing due to minor journal
displacements. Tieu and Qiu [5] compared
stability contours derived from linear and non-
linear bearing force models, demonstrating
that non-linear effects significantly influence
stability, often predicting lower critical speeds
than linear models.

Das et al. [6] analyzed the stability of
hydrodynamic  journal  bearings  under
micropolar lubrication, showing that micropolar
fluid parameters significantly alter stability
thresholds. Li et al. [7] performed transient
analyses of rigid rotors supported by elliptical,
offset elliptical, three-lobe, and four-lobe journal
bearings, using fast Fourier transform
techniques. Barrett et al. [8] developed a rapid
method for computing the non-linear response
of finite-length plain journal bearings,
incorporating a finite-length correction factor to
improve non-linear force predictions.

Kirk and Gunter [9] analyzed the stability and
transient motion of plain journal bearings
mounted on flexible, damped supports.
Chandrawat and Sinhasan [10] studied the
steady-state and transient performance of
flexible shell journal bearings, evaluating the
effects of eccentricity ratio, load, and
flexibility. Jain et al. [11] investigated the
transient response of journals supported on
elastic bearings, analyzing how eccentricity
ratio, load, and bearing stiffness influence
dynamic behavior. Choy et al. [12] conducted a
non-linear transient and frequency response
analysis of hydrodynamic journal bearings
under varying operating conditions. Sinhasan
and Goyal [13] examined the transient
behavior of circular journal bearings
lubricated  with  non-Newtonian  fluids,
comparing results with Newtonian lubricants.
Li [14] analyzed journal orbits in non-linear
dynamic bearing systems, assessing the impact
of different parameters on stability. Rao et al.

[15] developed an analytical approach for
evaluating dynamic coefficients and
performing non-linear transient analysis of
hydrodynamic journal bearings. Majumdar et
al. [16] used a non-linear transient technique
to study the stability of gas-lubricated journal
bearings, recording journal center trajectories
under varying conditions. Singh et al. [17]
compared the motion trajectories of porous
and solid journal bearings, concluding that
porous bearings exhibit greater stability. Singh
et al. [18] further studied the effect of radial
clearance on stability parameters and motion
trajectories, reporting that non-linear motion
trajectories  enhance  stability = margins
compared to linear trajectories. Kushare et al.
[19] investigated the non-linear transient
behavior of worn three-lobe hybrid journal
bearings, finding that wear defects severely
impact stability.

Recent studies have extensively explored the
impact of surface texturing on the tribological
and dynamic performance of journal bearings.
Researchers [20-36] have demonstrated that
various texture shapes such as spherical,
rectangular, trapezoidal, and compound
dimples can enhance load capacity, reduce
friction, and improve stability margins by
altering the bearing's dynamic coefficients.
Brizmer and Kligerman [37] suggested that
textured bearings may enhance rotor stability,
while Matele and Pandey [38] highlighted the
influence of circular, square, and dense square
textures on dynamic performance. Further
investigations by Sharma et al. [39-41] and
Yamada et al. [42] confirmed that chevron and
triangular textures improve steady-state and
dynamic characteristics, including stiffness
and damping coefficients. Meng et al. [43]
further showed that optimally designed
compound textures enhance critical speeds,
underscoring the importance of texture
geometry in rotor-bearing system stability.
Singh and Awasthi [44] investigated their

impact on the dynamic stability of
hydrodynamic two-lobe journal bearings.
Byotra and Sharma [45] reviewed the

performance of textured hydrodynamic
journal bearings, focusing on the effects of
various texture geometries such as axial
grooves, waviness, and elliptical patterns on
load capacity and friction reduction. Their
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review also addressed lubricant selection,
micro-texturing methods, cavitation and
acoustic behavior, and emphasized the role of
advanced computational techniques and
further optimization for improving bearing
efficiency. Gu et al. [46] presented a multi-
objective adaptive texture optimization
technique using a grey wolf optimizer for
journal bearings. Their results showed that
under transient operating conditions, the
optimized square textures significantly
improved tribological performance, boosting
load capacity by up to 15.8%, reducing friction
by up to 29.3%, and lowering energy waste by
up to 50.4%. Meng et al. [47] analyzed the
dynamic behavior of journal bearings with
compound surface textures using a finite-
difference model coupled with the CC-FFT
method. Their findings demonstrated that
optimally distributed compound textures
significantly enhance bearing stability by
increasing direct stiffness, reducing cross-
coupled stiffness, and improving the critical
rotor speed compared with simple textured
and smooth bearings. Zare Mehrjardi et al.
[48] studied cubic, cylindrical, and semi-
ellipsoidal surface textures on noncircular
two-lobe journal bearings using a modified
Reynolds equation and FEM. The results
showed that textures in high-pressure regions
of lower lobe enhanced pressure, static
performance, and stability, with cubic textures
showing the strongest influence, followed by
cylindrical and semi-ellipsoidal shapes.

This study investigates the influence of three
dimple configurations (partially textured-1,
partially textured-2, and fully textured) and
three dimple shapes (spherical, triangular, and
kite) on the stability and transient response of
hydrodynamic  journal bearings. While
extensive research has demonstrated the
benefits of surface texturing on steady-state
performance, a systematic investigation of
how texture location, geometry and depth
collectively affect dynamic stability
particularly critical mass, threshold speed,
whirl frequency ratio, and transient journal
trajectories remains limited in the literature.
The present work addresses this gap by
developing a theoretical model based on the
modified Reynolds equation, solved using the
FEM, to evaluate stability parameters and
linear transient motion.

2. GOVERNING EQUATIONS

Figure 1 illustrates the geometric configuration
of a journal bearing with surface texturing.
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Fig. 1. (a) Journal bearing geometry with spherical
textures, (b) various textures shapes, (c) Full textured
bearing surface, (d) Partially textured-1 bearing
surface (e) Partially textured-2 bearing surface.
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The equations governing the laminar flow of an
incompressible lubricant in the clearance space
between the journal and the bearing can be
written for journal centre motion trajectory in
dimensionless form [14]

d (R® ap\ 8 (+3 0p\_Qoh dh
= (5 22) 42 (B3 2)=2 22 (1)
da \12 da/ Odf af/) 20a dt

2.1 Lubricant- film thickness (h)

The lubricant-film thickness of plain/ textured
journal bearing can be written as

7 1—Xjcosa — Z;sina Plain bearing
h= - - - . (2a)
1 — Xjcosa — Z;sina + hy) Textured bearing

Where, X; and Z; are the coordinates of centre,
Xj=¢gsing, Zj =—£coS¢

In the dimensionless form, the dimple depth
(hq) of a spherically textured journal bearing
can be written as [44].

Wheanfp
o, o, _
Hdz h7p+er —sz(il_z-FZLz) —i—hfp (Zb)
2 2hy 2hp, 2
Whenr>fp
hg=0 (2b)

The expression of texture/dimple depth for
triangular dimple can be written as

Triangular Texture ;

> hy if (%,2,) & Q
hq = _
0if (x;,2,)e Q

5:%397&35 and

3
SX|——<Z| <—X|
g

The expression of texture/dimple depth for kite
shape texture can be written as
Kite Texture

o

(29

_ h,if x*+z%<r
hd={0p, e I 1)
if x,°+2z,° >,

2.2 FEM formulation

The lubricant region is discretized using four-
node quadrilateral iso-parametric elements. This
discretization leads to a system of global linear
equations governing the pressure field, which
can be represented as [44].

= {Q¥nx1 + 2RiInxa
+ Z{RX } (3

Fnx1

[Flyxn{PInxt =
+3 {RX].}

Where, N is number of nodes in the entire

domain, involving the pressure {B} and the flow

{6} as nodal variables.

2.3. Boundary conditions

The following boundary conditions are used for
calculating the influence of dimple location and
shape on the stability and linear transient
response of plain/partially textured journal
bearings:

(i) The pressure is assume to be zero at the
nodes lying on the external boundary of the
bearing surfaceie.p = 0 at +1.

(ii) The pressure gradient is assumed to be zero

‘s . . ap
at the trailing edge of the positive region, £=0

(iii) The pressure is atmospheric at the leading
edge,p =0

Eq. (3) can be solved to give both pressure and
flow simultaneously because at each node one of
the two variables is known.

2.4. Stability parameters

Stability parameters of textured journal bearings
are used to evaluate how surface texturing
influences the dynamic stability of the rotor-
bearing system. These parameters are derived
from linearized dynamic coefficients of the
bearing.

Critical mass (M)

The critical mass is the maximum rotor mass
that the bearing can support without instability.
The non-dimensional value of critical mass (M)
of journal is given by [44]
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Threshold speed(g)th)

The threshold speed is the rotational speed
beyond which the system becomes unstable. It is
calculated as [44]

_
On = E: (5)

Where F, is the fluid film reaction(% = 0].

A journal bearing system is stable when the
journal mass (M j) is less than the critical mass

(Mc ). Similarly, when the operating speed of
the journal is less than the threshold speed then
the system is stable.

Whirl frequency ratio (C!_)thirl )

Whirl frequency ratio is defined as the ratio of the
oil-whirl frequency to the journal rotational
frequency. Its higher value means poor stability
and higher value means improved dynamic
stability. Thus, reducing the whirl frequency ratio
enhances the stability of a journal bearing. It can
be expressed in non-dimensional form as [44]

Z)Z o Kl
whirl = MC (6)
K — §xx622 +§zz Exx _gxz sz _§zx6xz
! Cx+Cxz

When the journal center is displaced from its
static equilibrium position, it undergoes a
variation in the hydrodynamic force. This results

in a whirling motion of the journal around the
equilibrium point due to the resulting
unbalanced force. The corresponding motion
trajectories are determined by numerically
integrating the linearized equations of motion.

2.5. Linearized equations of motion

The equations governing the linearized motion
of the journal are formulated as follows

MJ 0 ; Bxx sz ; §xx §xz i
— Pt — == = [§=¢=0 7)
0 Mjl|z Dx Dz||z S Sz ||Z (
Equation (7) is solved numerically as an initial
value problem using specified initial conditions

forx,z, X, and journal mass M j, to determine

the time-dependent responses The resulting
trajectory traces the path of the journal center.

2.6. Modeling Assumptions and Limitations

The present study employs several established
modelling assumptions common in
hydrodynamic bearing analysis. The lubricant
flow is modelled as isothermal, incompressible,
and Newtonian, and the modified Reynolds
boundary conditionis applied to handle
cavitation. This condition assumes film rupture
occurs at ambient pressure and re-formation
begins at the leading edge of the positive
pressure zone. While this approach is
computationally efficient and widely adopted
for stability studies [44], it does not enforce
mass conservation across the cavitation region.
Consequently, the predicted positive pressure
zone and resulting damping coefficients may
be slightly overestimated, which could lead to a
modest over prediction of stability margins.
For applications requiring precise transient
predictions under severe starvation or large
disturbances, future work should incorporate
mass-conserving cavitation models (e.g,
Jakobsson-Floberg-0Olsson). Furthermore, the
model does not account for thermal effects,
lubricant starvation, or surface elasticity,
which may influence performance under high-
speed or heavily loaded conditions. These
limitations are acknowledged but are
considered acceptable for the present
comparative study focused on the relative
effects of texture geometry on linearized
stability and transient response.
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3. NUMERICAL SOLUTION PROCEDURE

Itis noticed in Fig. 2 that the load carrying capacity
of textured journal bearing increases with the
increase of number of elements in circumferential
direction up to 63 and after 63 nearly stays
constant. It is additionally observed from Fig. 3
that by increasing the number of elements in
circumferential direction, the processing time
increases gradually with no increment in load
carrying capacity. Similar procedure is adopted for
choosing the number of elements in axial direction
and decided as 20. Therefore, to get work mesh
independent and to limit computational time, the
ideal mesh size has been chosen as 63 in
circumferential direction and 20 in axial direction.

The numerical approach adopted in this study is
presented in Fig. 4. Equation (3) is solved to obtain
nodal pressure distributions and velocity
components within the region of positive pressure
in the lubricated domain. An iterative scheme is
applied and continued until the solution converges
within an acceptable tolerance. Once convergence
is achieved, the resulting pressure field is used to
compute the components of the hydrodynamic
(fluid-film) force. To analyse the dynamic
behavior, the journal's linear motion trajectories
are computed by numerically integrating the
linearized equations of motion (Eq. 7) using the
classical fourth-order Runga-Kutta method. For
this integration, appropriate initial conditions for

X,Z,X,Z, along with a suitable time step, are
specified to ensure accurate prediction of the
journal centre’s motion. At each time step, the film
thickness is updated based on the current position
and velocity values. This updated film thickness is
then used to recalculate the fluid-film forces, which
influence the motion in the subsequent step. This
process is repeated iteratively over the entire time
domain to trace the complete trajectory of the
journal centre. It is noticed in figure 2 that the load
carrying capacity of textured journal bearing
increases with the increase of number of elements
in circumferential direction up to 63 and after 63
nearly stays constant. It is additionally observed
from figure 3 that by increasing the number of
elements in circumferential direction, the
processing time increases gradually with no
increment in load carrying capacity. Similar
procedure is adopted for choosing the number of
elements in axial direction and decided as 20.
Therefore, to get work mesh independent and to
limit computational time, the ideal mesh size has
been chosen as 63 in circumferential direction and
20 in axial direction.
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Fig. 2. Load carrying capacity versus number of
elements in circumferential direction.
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4, RESULTS AND DISCUSSION
4.1 Validation

In order to check the accuracy of the
developed Matlab code for computing the
stability parameters and the linear transient
response of plan/textured journal bearings,
the code is validated in two steps. In the first
step, the computed dynamic characteristics of
plain journal bearing are compared with the
published work of Raimondi and Boyd [49],
and Chandrawat and Sinhasan [50] as shown
in Table 1. In the second step, the computed
results of partially textured journal bearing
are compared with the published work of Tala-
Ighil [51] as shown in Table 2. The computed
value appears to be in good agreement with
the published work. To perform the current
analysis, three different textured bearing
configurations viz; full textured (11°-354°),
partially textured-1(194°-254°) and partially
textured-2 (126°-286°) and three different
textures shapes such as spherical, triangular
and kite shape are considered as shown in
Fig.1. Table 3 presents the operating and
geometric parameters used in this study, are
selected from the published work of Singh and
Awasthi [44].

Table 1. Comparison of dynamics characteristics of
plain journal bearing (¢=0.6, L/D=1.0).

Performance 1 2 3
parameters
S ax 1.9708 2.0 1.980
S 2z 2.510 25 2.4860
C xx 2.23 2.2 2.7465
C ;s 5.8446 5.75 5.9016

1. Present work
2. Raimondi and Boyd [49]
3. Chandrawat and Sinhasan [50]

Table 2. Comparison of statics characteristics of
partially textured-II journal bearing (¢=0.6, L/D=1.0).

Performance Present work | Tala-Ighil [51]
parameters

Dimple depth (hy) 0.5 0.5
Angular location (6) 185°-230° 185°-230°
Attitude angle (¢) 50.48 49.0
Max. pressure (Ppax) 3.10 2.8

Table 3. Operating and geometric parameters used in
the current work [44].

Parameters Dimensionless values
Speed parameter () 1.0
Eccentricity ratio (¢) 0.3,0.6
Clearance ratio (Cr) 0.001
Aspect ratio (L/D) 1.0

Ny 7

Ny, 4

No. of Nodes 1323
Area density of dimple(Sp) | 50%
Texture radius (7,) 0.16
Texture depth (hp) 0.02- 0.14
a 0.2

b 0.2

Lx 2a

L, 2b

4.2 Influence of dimple location on the stability
of journal bearings

Three different textured bearing configurations
viz; partially textured-1, partially textured-2 and
full textured are used in order to investigate the
influence of dimple location on the stability of
journal bearings.

Influence on critical mass (M .)

Fig. 5 demonstrates the critical role of dimple
location in governing the stability of textured
journal bearings, quantified through the critical
mass parameter as a function of dimple depth. The
partially textured-2 (PT-2) configuration exhibits a
prominent stability enhancement, manifested by an
increase in critical mass with the increase of dimple
depth. Similar kind of results are reported by
Niranjan et al. [48]. This behavior stems from the
PT-2's optimal dimple placement in pressure build-
up regions, which enhances three key stabilizing
mechanisms: (i) improved hydrodynamic pressure
generation through controlled cavitation, (ii)
improved lubricant entrainment via micro-
reservoir effects, and (iii) enhanced damping
through micro-vortices in the diverging zone.
Therefore PT-2 bearings demonstrate superior
suitability for high-speed rotor applications
requiring whirl suppression. On the other hand
both fully textured (FT) and partially textured-1
(PT-1)  configurations  show  destabilizing
tendencies, with critical mass reductions under
identical dimple depth increments.
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This deterioration arises from detrimental
pressure field fragmentation in FT bearings and
suboptimal dimple positioning in PT-1 designs
that disrupt hydrodynamic wedge formation. For a
specific dimple depth of 0.14 and eccentricity ratio
of 0.3, the value of critical mass for PT-2 enhanced
by an amount of 4.74% as compared to the plain
bearing. The findings conclusively establish dimple
location as the dominant design parameter over
depth, with PT-2 bearing offering a wider stability
margin compared to plain, fully textured and
partially textured-1 bearings.

m Full-textured
m Partially textured-2

u Plain bearing
11 1 w=Partially textured-1

10,5 A
10

9,5 1

=

8,5 -
002 004 006 008 010 012 0,14

hy

Fig. 5. Influence of dimple location on critical mass of
journal (M) versus dimple depth (hp ).

Influence on threshold speed of stability (Z)th)

The stability characteristics of textured journal
bearings exhibit significant dependence on
dimple configuration, as evidenced by the
threshold speed analysis presented in Fig. 6. For
partially textured-2 (PT-2) bearing, the
threshold speed of stability demonstrates a
consistent reduction with increasing dimple
depth. This destabilizing effect arises from the
PT-2 configuration's specific dimple placement
in pressure zones, where deeper dimples disrupt
the optimal hydrodynamic pressure distribution
and reduce fluid film stiffness. In contrast, both
fully textured (FT) and partially textured-1
(PT-1) bearings show improved stability
performance, with threshold speed increases
over the same dimple depth range. The findings
are consistent with those reported by Niranjan et al.
[44] and Ramos et al. [52]. The enhanced
stability in these configurations stems from
more favourable pressure generation
mechanisms. FT bearings benefit from uniform
lubricant entrainment across the entire contact
surface, while PT-1bearing achieves superior
load capacity through strategically positioned

dimples in primary load-bearing regions. These
results demonstrate that while dimple depth
influences stability characteristics, the specific
dimple location represents the dominant factor
in determining bearing performance.

= Plain m Full-textured
2,6 1 Partially textured-1 ~ m Partially textured-2

Wth 248 -

0,02 004 006 008 010 012 0,14
h

p

Fig. 6. Variation of threshold speed of stability (E)th)
versus dimple depth (Hp )-

—2
Influence on whirl frequency ratio (@ win )

The results presented in Fig. 7 demonstrate the
critical influence of dimple location on the stability
of textured journal bearings, as quantified by the
whirl frequency ratio (WFR) across varying dimple

—2
depths. A lower @ win indicates greater stability, as
it signifies a reduced tendency for the journal to
enter a destabilizing whirling motion. Notably, the

a)zwm of the partially textured-2 (PT-2) bearing
decreases with increasing dimple depth,
suggesting improved stability, whereas both the
fully textured (FT) and partially textured 1 (PT-1)

bearings exhibit an increase in a) wirl, indicating
diminished stability under the same conditions.
Similar findings have also been reported by Singh
et al. [44]. This contrasting behavior underscores
the importance of dimple positioning in controlling
bearing dynamics. The enhanced stability of PT-2
bearings can be attributed to the strategic
placement of dimples within the pressure build-up
region, which promotes more effective
hydrodynamic pressure distribution, thereby
suppressing whirl-inducing forces. These findings
highlight that optimizing dimple location rather
than merely increasing dimple depth is crucial for
achieving superior bearing stability. This insight
has significant practical implications for the design
of high-performance bearing systems, particularly
in applications where minimizing vibration and
preventing unstable rotor motions are critical.
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Fig.7. Variation of whirl frequency ratio (a) Wirl)

versus dimple depth (Hp)

4.3 Influence of dimple location on trajectory
of journal bearings

The journal centre’s motion trajectories are used
to represent the transient response of both plain
and textured journal bearing configurations. The
initial values of displacements and velocities of
the journal centre are set as ¥ = Z = 0.05 and

X=7=0.0 for all the bearing configurations
studied. The motion trajectories are plotted at
eccentricity ratio, €=0.3 and dimple depth,
i_zp =(0.14. The results indicate that the linearized
equations of motion exhibit a limit cycle
behavior when the journal mass is equal to the
critical mass. In contrast, the journal undergoes
unstable motion when its mass exceeds the
critical value, and stable motion when the mass
is below the critical threshold.

Fig. 8 illustrates the influence of dimple location
on journal center motion trajectories, reflecting
the dynamic stability of journal bearings at an
eccentricity ratio of 0.3 and a dimple depth of
0.16. Under sub-critical mass conditions when
the journal mass is less than the critical mass, all
bearing types viz plain, partially textured-1,
partially textured-2, and fully textured exhibit
convergent spiral trajectories. This convergence
signifies dynamic stability, where initial
disturbances are gradually damped, leading to a
stable operating state. Among the tested
configurations, the partially textured-2 bearing
demonstrates the optimal dynamic performance.
This improvement is attributed to the strategic
placement of dimples within the pressure build-
up region (126°-286° circumferentially),
covering the full axial length. These optimally
located dimples generate localized

hydrodynamic pressure zones that enhance
load-carrying capacity and significantly improve
damping. The result is increased film stiffness
and better control of journal motion, which
translates to reduced vibration amplitudes and
greater system reliability. In comparison, the
plain, partially textured-1, and fully textured
bearings also exhibit stable behavior, but with
slower convergence rates and larger final orbit
sizes. These differences highlight the importance
of dimple positioning in optimizing surface
textures for superior dynamic stability in journal
bearings under light mass conditions.

— = —Plain Bearing

Partially Textured-1
0 Partially Textured-2 -
Fully Textured

Z Position {m)

-0.03 -

-0.04 -

-0.05 -

| |
-0.06 -0.04 -0.02 0 0.02 0.04

X Position {(m)

|
0.06

Fig. 8. The effect of dimple location on the trajectory
of plain/textured journal bearings when M;< M..

Fig. 9 illustrates the influence of dimple location
on the dynamic behavior of journal bearings viz
plain, partially textured-1, partially textured-2,
and fully textured when the journal mass is
equal to the critical mass. The trajectories
represent the journal center's motion and
exhibit limit cycle behavior, characterized by
closed-loop orbits. Unlike the convergent spirals
observed at sub-critical conditions, these
sustained orbits indicate self-excited vibrations
or whirl, reflecting operation at the stability
threshold of the system. At this critical
condition, the system does not return to a fixed
equilibrium, but rather maintains a periodic
motion in response to perturbations. Among the
configurations, the partially textured-2 design
shows a relatively smaller limit cycle, suggesting
a better ability to control the amplitude of self-
sustained oscillations. This performance is
linked to the strategic placement of surface
dimples in the pressure-generating zone, which
enhances local hydrodynamic pressure and
damping, even under borderline stability
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conditions. Although all configurations exhibit
limit cycle, the reduced orbit size in the partially
textured-2 case indicates mitigated vibration
severity, which can result in lower wear, noise,
and improved operational reliability. This
underscores the crucial role of optimized surface
texturing in managing dynamic instabilities in
journal bearings operating at critical mass.

= = =Plain Bearing
Partially Textured-1
Partially Textured-2
Fully Textured

Z Position (m)
o
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1 1 I 1 1 1
-0.06 -0.04 -0.02 0 0.02 0.04 0.06
X Position (m)

Fig. 9. The effect of dimple location on trajectory of
plain/textured journal bearings when the M;= M..

Fig. 10 illustrates the impact of dimple location
on the dynamic stability of journal bearings
under super-critical mass conditions (journal
mass > critical mass). The trajectories depict
diverging spiral orbits for all bearing
configurations viz plain, partially textured-1,
partially  textured-2, and fully textured
indicating unstable system behavior. In this
regime, any initial disturbance grows with time,
resulting in -increasing amplitude of journal
motion. This divergence signifies that the inertia
forces of the journal surpass the stabilizing
effects of hydrodynamic pressure and damping,
leading to self-excited vibrations, commonly
referred to as oil whirl or oil whip. These
instabilities pose serious reliability concerns,
including elevated noise levels, excessive wear,
metal-to-metal contact, premature bearing
failure, and potential damage to associated
rotating machinery. While complete instability is
evident across all configurations, the rate and
nature of the divergence vary. The plain bearing
and partially textured-1 configurations show a
more rapid outward spiral. In contrast, the
partially textured-2 and fully textured bearings
exhibit relatively tighter spiral paths for a longer
duration before diverging, implying a delayed
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onset of instability. This suggests that although
these surface textures cannot entirely stabilize
the system at super-critical mass, they can
provide enhanced damping and marginally delay
failure. These results highlight the critical
importance of surface texturing not only in
promoting stability under normal operating
conditions but also in moderating instability
under adverse loading scenarios.

01

0.05

~ — = Plain Bearing
1/ | = Partially Textured-1
Partially Textured-2
- Fully Textured

o
T

Z Position {m)

14
o
5

0.1+

L
-0.15
X Position (m)

Fig. 10. The effect of dimple location on trajectory of
plain/textured journal bearings when the M;> M,.

4.4 Influence of dimple shape on the stability
of journal bearings

To examine the effect of dimple shape on the
stability of journal bearing, the partially
textured-2 bearing configuration is selected, as it
demonstrated the optimal performance results
as indicated prior analyses.

Influence on critical mass (M)

Fig. 11 shows the influence of different dimple
shapes on the stability of journal bearings via
critical mass as a function of dimple depth.
Compared to plain bearings, all textured bearings
improve stability by increasing the critical mass -
the maximum load the bearing can support before
becoming unstable. Spherical dimples give the
biggest improvement (0.42% increase in critical
mass), followed by Kite-shaped (0.23%) and
triangular-shaped (0.22%) patterns. Similar
findings have also been reported by Singh et al.
[44]. The stability of spherical textured bearing
improves because these dimples can create better
oil pressure distribution, which enhances the fluid
film stiffness and damping capacity. This stronger
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fluid-film can support heavier loads (higher critical
mass) while maintaining stable operation. The
findings provide practical guidance for engineers
to select optimal texture shape when designing
high-performance bearings that need to withstand
heavy loads at high speeds.

mPlain = Spherical Triangular = Kite

=<l

Q
=
ORNWAUION®O©O R
R R S T R S T T S

0.01 0.04 0.07 0.10 0.13

h

p

Fig. 11. Effect of dimple shape on critical mass (Mc)
versus dimple depth (ﬁp)

Influence on threshold speed of stability
(a)th)

Fig. 12 illustrates the influence of dimple
geometry (spherical, triangular, and kite-shaped)
on the threshold speed of stability for textured
journal bearings across a dimple depth range of
0.01-0.13. The results demonstrated a systematic
reduction in threshold speed compared to plain
bearing. Spherical dimples exhibited the most
significant decline (0.18-2.11%), followed by
triangular (0.08-1.10%) and kite-shaped (0.08-
1.07%) bearing configurations. The findings are
consistent with those reported by Singh et al. [44].
The results reveal a compromise between
texture-enhanced performance (e.g., increased
load capacity) and reduced stability, attributable
to modified pressure distribution and altered
stiffness/damping behavior. The spherical
dimples' pronounced effect may arise from their

symmetric geometry, which disrupts
circumferential pressure gradients more
uniformly than asymmetric shapes

(triangular/kite). The marginally better stability
retention of Kkite-shaped textures could be
attributed to their streamlined profile, which
minimally interferes with the lubricant's
hydrodynamic wedge formation. These findings
underscore the need for shape-specific
optimization when designing textured bearings
for stability-critical applications.

35 mPlain ®m Spherical = Triangular = Kite

0.01 0.04 0.07 0.10 0.13

Fig. 12. Effect of dimple shape on threshold speed of
stability (@wn) versus dimple depth (hp)

—2
Influence on whirl frequency ratio (@ wiri)

Fig. 13 presents the influence of dimple shape on
bearing stability through whirl frequency ratio

—2

(@ win) analysis across dimple depths of 0.01-
—2

0.13. The results demonstrate consistent @ wirl

reductions in textured bearings compared to plain
bearings, with the degree of improvement varying
by both depth and geometry. Spherical dimples
achieved the most significant stability

enhancement (0.03-0.68% Z)zwirl reduction),
outperforming both triangular (0.0-0.50%) and
kite-shaped (0.0-0.54%) configurations. This

a)zwm reduction directly correlates with improved
stability, with spherical textures proving
particularly effective due to their ability to
optimize hydrodynamic pressure distribution and
modify critical dynamic characteristics. The
geometry-dependent performance variations
emphasize the importance of strategic texture
selection in bearing design, especially for high-
speed applications where controlling whirl
instability is paramount.

0,6 - mPlain  mSpherical
0,5
0,4 -
0,3
=2
W wr1 0,2
0,1
0 A

Triangular  m Kite

0.01 0.04 0.07 0.10 0.13
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Fig. 13. Effect of dimple shape on whirl frequency
_2 _
ratio (@ wir ) versus dimple depth (hp)
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Fig. 14 illustrates the effect of dimple shape on
the trajectories of journal bearings under
conditions where the journal mass is less than
the critical mass (CMF < 1). The trajectories
for plain, spherical textured, triangular
textured, and kite textured bearings all exhibit
converging cycles, indicating a tendency
toward stabilization. Notably, the spherical
textured bearing demonstrates the smallest
orbital radius among the tested configurations.
This reduced radius signifies lower amplitude
oscillations and faster convergence to
equilibrium, highlighting the superior stability
of spherical dimples. The enhanced stability
can be attributed to the spherical dimple's
uniform geometry, which promotes more
effective lubrication film distribution and
minimizes pressure fluctuations. In contrast,
the triangular and kite textured bearings, with
their asymmetric shapes, introduce localized
disturbances in the lubricant flow, leading to
larger orbital radii and slower stabilization.
The trajectory analysis is critical as it directly
correlates with the bearing's dynamic
performance; smaller, convergent orbits imply
reduced wear, lower energy dissipation, and
prolonged operational life. These findings

underscore the importance of dimple
geometry optimization in designing high-
stability journal bearings for precision
applications.

Spherical Textured
= = = Triangular Textured

— — —Kite Textured

Z Position (m)
o

0
X Position (m)

Fig.14. Effect of dimple shape on the trajectory of
journal bearing when M; < M.

Fig. 15 depicts the influence of dimple shape
on the trajectories of journal bearings when
the journal mass equals the critical mass (CMF
= 1). The results reveal that all bearings

spherical, triangular and kite textured
bearings exhibit limit cycle behavior,
indicating  periodic  oscillations  under
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equilibrium conditions. However, the spherical
textured bearing demonstrates the smallest
orbital radius, suggesting superior stability
compared to its counterparts. This enhanced
stability arises from the spherical dimple's
symmetrical geometry, which ensures uniform
hydrodynamic pressure distribution and
minimizes disruptive fluid vortices. In
contrast, the triangular and kite textured
bearings, due to their asymmetric designs,
generate uneven pressure gradients, leading to
larger orbital radii and less predictable
motion. The trajectory's orbital radius is a
critical indicator of dynamic stability, as
smaller radii correlate with reduced vibration
amplitudes, lower energy losses, and
improved bearing longevity. These findings
emphasize the significance of optimizing
dimple geometry to enhance the stability and
performance of journal bearings in high-
precision mechanical systems, particularly
under critical mass conditions.

Spherical Textured

= = =Trianqular Textured
— — - Kite Textured

Z Position (m)
o
T

: N - — \ L '
-0.06 -0.04 -0.02 0 0.02 0.04 0.06
X Position (m)

Fig.15. Effect of dimple shape on the trajectory
journal bearing when M; = M.

Fig. 16 demonstrates the dynamic behavior of
journal bearings under conditions where the
journal mass exceeds the critical mass, a
situation commonly associated with
hydrodynamic instability. As evidenced by the
outward spiralling trajectories of all bearing
types viz; plain, spherical, triangular, and kite-
textured bearings —the system enters an
unstable cycle. This instability is attributed to
self-excited vibrations such as oil whirl or oil
whip, where the hydrodynamic forces generated
within the fluid-film become unstable, driving
the journal into gradually larger orbits. Despite
the overarching instability, the spherical
textured bearing exhibits the least radius of



Harinder Pal Singh et al, Tribology in Industry, DOI: 10.24874/ti.2064.11.25.02

orbit among the tested configurations. This
finding is significant because, while not
achieving complete stability under these adverse
conditions, a smaller orbital radius signifies a
less severe form of instability. From a design
perspective, a reduced orbital radius can delay
the onset of bearing failure and mitigate wear
even in systems prone to instability.

Table 4 presents the comparative analysis of
different dimple shape influence on the stability
parameters of journal bearings. It indicates that
the stability of spherical textured journal
bearing is significantly improved as compared to
other textured bearings.

Spherical Textured
= = =Trianqular Textured
0.1 H — = —Kite Textured

Z Position (m)
=
T

o
o
@

T

-0.1

L L 1
0 0.05 0.1 0.15
X Position (m)

Fig.16. Effect of dimple shape on the trajectory of
journal bearing when M; > M, .

Table.4. Influence of different dimple shape and depth on the stability performance parameters of textured

journal bearing with respect to plain journal bearing.

BPPC Dimple depth Plain bearing Spherical textured Triangular textured Kite textured
bearing bearing bearing
h, =0.01 10.336 10.378 10.359 10.36
M. 0% 0.42% 0.22% 0.23%
%change h, =0.13 10.336 10.78 10.582 10.604
0% 4.30% 2.38% 2.59%
hy = 0.01 2.513 2.50849 2.511 2.511
Den 0% -0.18% -0.08% -0.08%
%change hy, =0.13 2.513 2.4599 2.4854 2.4861
0% -211% -1.10% -1.07%
h, =0.01 0.5 0.49987 0.5 0.5
@2 0% -0.03% 0% 0%
%change h, = 0.13 0.5 0.4966 0.4975 0.4973
0% -0.68% -0.50% -0.54%

BPPC=(T”;]%) X 100; BPPC= bearing performance parameter percentage change,

T]B= textured journal bearing, P]B=plain journal bearing.

4.5 Influence of dimple depth (h,) on
transient response of trajectory

The transient behavior of the plain and spherical
textured journal bearing systems is illustrated
through the motion trajectories of the journal
center, as shown in Figures 15-17. For all cases
analysed, the initial values of displacements and
velocities of the journal centre are set as X = Z =

0.05 and X=7=0.0. The motion trajectories are
plotted at eccentricity ratio (¢=0.3) and for various
values of dimple depth 0.01,007 and 0.13. The
results reveal that the linearized equations of
motion predict a limit cycle when the journal mass
is equal to the critical mass. In contrast, unstable
motion is observed when the journal mass exceeds
the critical mass, while a stable response is
achieved when the mass is below this threshold.

Fig. 17 presents the impact of dimple depth on
spherical textured journal bearing trajectories
when a journal mass below the critical mass
(M;=0.9M.).The textured bearings exhibit
converging spiral trajectory, indicating a stable
operating condition. The lower journal mass
contributes to this stability by reducing the
dynamic forces acting on the bearing. The higher
dimple depth enhances the stability of the
bearing by increasing damping. The dimples can
modify the lubricant film by creating localized
pressure variations and enhancing lubricant flow.
These changes in the lubricant film contribute to
improved load-carrying capacity and reduced
friction, leading to enhanced stability. These
findings highlight the benefits of surface texturing
to significantly enhance the stability of journal
bearings operating under dynamic loads.
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Textured bearing, hp=0.01

Textured bearing, hp=0.07 )
Textured bearing, hp=0.13 | §f 4| /]
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Fig. 17. Effect of dimple depth on trajectories of
textured journal bearing when the M;<M,.

Fig. 18 illustrates the influence of dimple depth on
the textured journal bearing trajectories when the
journal mass equals the critical mass (M;=M_). The
textured bearings exhibit limit cycle, and this
amplitude of limit cycle further decreases with
increasing dimple depth. This reduction in
amplitude signifies enhanced stability, reduced
vibration, and improved bearing performance.
This observation can be attributed to the
hydrodynamic effects induced by the dimples.
These micro-dimples act as reservoirs for
lubricant, influencing the pressure distribution
within the bearing. As the dimple depth increases,
the lubricant trapped within the dimples creates
localized pressure variations. These pressure
fluctuations alter the hydrodynamic forces acting
on the journal, leading to a reduction in the
amplitude of the limit cycle. The reduction in limit
cycle amplitude observed in partial textured
bearing at deeper dimple depth suggests improved
stability and reduced vibration, which are critical
factors for the reliable operation of high-speed
rotating machinery.

Fig. 19 depicts the trajectories of textured journal
bearings operating at an eccentricity ratio of 0.3
and various dimple depths. When the journal mass
(M;) exceeds the critical mass (M,) i.e. (M;=1.2M,),
the textured bearings exhibit unstable behavior,
characterized by diverging spiral trajectories. This
unstable behavior is expected as the system is
operating beyond its stability threshold. However,
a significant difference emerges between the
bearing types: the deeper textured bearing
demonstrates a slower rate of divergence
compared to the other bearings.
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Fig. 18. Effect of dimple depth on trajectories of
textured journal bearing when the M;=M.

Fig. 19 also demonstrates that surface
texturing, particularly with increasing dimple
depth, can significantly improve the
robustness and reliability of journal bearings
operating under unstable conditions. By
influencing the lubricant dynamics, dimples
contribute to a slower rate of divergence,
mitigating the severity of instability.

Textured bearing, hp=0.01
Textured bearing, hp=0.07
Textured bearing, hp=0.13

Z Position (m)

-0.15 0.1 -0.05 0 0.05 0.1 015
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Fig. 19. Effect of dimple depth on trajectories of
textured journal bearing when the M;>M.

5. CONCLUSIONS

This comprehensive study evaluated the
influence of dimple location and shape on
bearing stability through critical mass,
threshold speed, whirl frequency ratio, and
transient trajectory analysis. Some important
findings of this study are:
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The partially textured-2 (PT-2) configuration,
with dimples intentionally placed in the
pressure  build-up zone  (126°-286°),
significantly enhances bearing stability. This
design improves hydrodynamic pressure
distribution, damping, and lubricant
entrainment, outperforming plain, fully
textured (FT), and partially textured-1 (PT-1)
bearings. Specifically, PT-2 increases critical
mass by 4.74% and reduces the whirl
frequency ratio by 0.75% at a dimple depth of
0.14, making it ideal for high-speed
applications requiring robust stability.

Spherical dimples exhibit the optimum stability
performance due to their symmetric geometry,
which optimizes pressure distribution and
enhances fluid film stiffness as compared to
triangular and kite-shaped dimples.

Increasing dimple depth improves the
stability, particularly for spherical dimples in
the PT-2 configuration. Deeper dimples
enhance damping and pressure generation,
leading to faster convergence to equilibrium
when journal mass is less than the journal
critical mass and smaller limit cycles.

Textured bearings, especially PT-2 with
spherical dimples, demonstrate superior
transient response. When the journal mass is
less than the critical mass, they exhibit faster
convergence to equilibrium, while at critical
mass, they produce smaller limit cycles. Even
when journal mass is greater than the
critical mass, textured bearings delay
divergence, mitigating the severity of
instability and prolonging bearing life.
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Nomenclature:

Dimensional parameters

Radial clearance, mm

Lubricant-film damping coefficient (i, j=1,2)
Journal diameter, mm

Journal eccentricity, mm

Nominal thickness of lubricant-film, mm
Depth of dimple, mm

Length of bearing, mm

Journal critical mass (Kg)

Journal mass (Kg)

Speed of rotation, rpm

No. of textures in axial direction

No. of textures in circumferential direction
Center of bearing

Center of journal

Radius of journal and bearing, mm
Lubricant-film stiffness coefficient (i, j=1, 2)
Time, sec

Circumferential coordinate

Axial coordinate

Horizontal and vertical components of
journal centre perturbation from its steady
state equilibrium position

iZj Journal center coordinates
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Greek Letters

u viscosity of Lubricant, Pa. sec

Ho Reference viscosity

6 Textured portion

a Angular co-ordinate in circumferential
direction, radian

B Angular coordinate in axial direction,

radian

Angular speed, radian/sec

Attitude angle, radians

G Ol

Subscripts and Superscript

b Bearing
j Journal
First derivative w.r.t. time

CMF Critical mass factor
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[52] D.].Ramos, L. I. Ramos, and G. B. Daniel, “Stability
analysis of rotating systems supported by textured
journal bearings,” Journal of Tribology, vol. 142, no.
3,0ct. 2019, doi: 10.1115/1.4045191.

Dimensionless parameters
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rp =—, dimple radius
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Matrices

[F]= Assembled lubricant flow matrix

{P}= Vector of nodal pressure

{Q}= Vector of nodal flow

{Ry} = hydrodynamic terms column vectors

EZj = journal center linear velocities Global right
hand side vectors
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