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Abstract

The evaluation and diagnosis of rotating machines rely on several approaches. However, for a complex system or in the
presence of several faults, these approaches become less robust, less accurate, and less reliable. To address these
shortcomings, this paper proposes a diagnostic approach for hydrodynamic bearings in a rotating machine based on orbital
analysis. This approach requires piezoelectric material sensors installed in the three directions: X, Y, and Z. Its objective is to
evaluate the performance of the hydrodynamic bearing by comparing the collected data with the ISO 7919-5 standard. The
methodology is based on data acquisition using several sensors measuring the displacements of the shaft line. Then, the
results are analyzed according to the indicators required by 1SO 7919-5, such as: Smax, Spp, Sp1, Spz, eccentricity, and
barycenter G along X and Y. The shaft line displacement orbits make it possible to assess the health of the hydrodynamic
bearing and identify possible defects. Finally, the proven results of this approach provide an accurate and efficient diagnosis
of the operating state. The approach used has demonstrated a good assessment and a relevant diagnosis. This validates its
ability to implement it in future research work, such as the diagnosis of complex rotating machines, mechanical systems in
the presence of several defects, and the exploitation of this data in real time in the prediction of mechanical defects by the
implementation of an expert system.
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1. Introduction

Bearings are considered an important element for the
efficient operation of rotating machinery; they provide
stability and support to rotating shafts. However, each
bearing failure can lead to unplanned and costly downtime
[1]. Therefore, bearing monitoring has become one of the
top priorities to ensure the reliability and performance of
rotating machinery. Because it falls within the framework
of total productive maintenance (TPM) to ensure quality
and availability [2], then adopt advanced technology to
implement the notion of monitoring and Industry 4.0 [3].
The monitoring is based on a novel bearing diagnostic
approach that focuses on the orbital analysis of the shaft
line. By measuring and understanding the orbital
displacements of the shaft line, it is possible to
characterize and identify potential bearing defects, thus
providing a very accurate approach for the health
assessment of rotating machinery [4 , 5].

In this sense, several research works are being
addressed to develop advanced bearing diagnostic
approaches by exploiting the different methods of
analyzing the data collected by installed sensors. The
objective of this research is to improve the accuracy and
quality of shaft line orbital analysis techniques to enable
highly accurate and preventive detection of bearing
anomalies, optimize predictive maintenance, increase
bearing life, and reduce operational costs related to
unplanned downtime of industrial systems [6]. Yan et al.
present a novel multi-sensor data fusion learning
mechanism for detecting bearing faults [7]. They use five
sensors to measure bearing displacement, then construct
generalized shaft orbits converted into discrete 2D images.
A convolutional neural network is then used to extract
discriminative features from 2D images, thus making it
possible to classify defect types. Experiments carried out
on an installation with bearings support the effectiveness
of the proposed algorithm, confirming its relevance even
in the case of changes in rotational speeds and sample
lengths. Bruand et al. were interested in the use of
Instantaneous Angular Speed (IAS) in the condition
monitoring of rotating machines [8]. Their objective was
to establish a study of the mechanical faults involved in
these rotating machines by combining the IAS variations
with torque anomalies in the case of the presence of a
mechanical fault, namely the bearing breakage as an
example. This study gives a relevant point of view on the
measurement of the IAS by establishing a relationship
between the vibrations of the shaft line and the IAS
variations. Initially, they examined the orbit of a rotating
shaft to demonstrate that it contained relevant information
about the health of the bearing. Then, they combined
angular position sensors to reconstruct this orbit. The
results showed that IAS measurements are sensitive to
shaft vibrations, which can improve diagnostic
capabilities. Furthermore, the researchers proposed an
analytical method based on the linearization of the JB
force and generalized eigenvalue analysis to predict the
stability of synchronous vibrations in vertical rotating shaft
systems. This extended analysis of the eigenvalues makes
it possible to directly determine the stability of the
synchronous orbit. A method is used to feed rotor
dynamics software, calculating the stability thresholds of

rotating shaft bearings [9]. Moreover, the researchers
addressed the problem of the machining deviation of the
positioning hole of the inter-shaft bearing, which may lead
to the non-concentricity defect of the double rotor system
[10]. They identified this problem as a type of parallel
nonconcentricity, characterized by phase angle and offset,
used to adjust the contact force model of the intershaft
bearing. Their results showed that these parameters change
the amplitude when the dual-rotor system exceeds the first
critical speed. They also observed 2X and 3X frequencies
of the rotational speeds of the high and low pressure
rotors, as well as several combined frequencies of the two
rotational speeds, where the subtraction frequency of the
high and low pressure rotors is dominant. In addition, the
non-concentricity phase angle variations, with respect to
the shaft line, have a direct influence on the shape and
envelope of the orbits of the rotating parts for low and high
pressure. These proven results ensure the importance of
considering geometric changes in the design and analysis
of dual-rotor machines to ensure their stability and good
working condition. Jiang et al. proposed an innovative
learning model, called Orbit LSTM, to monitor the health
of turbomachinery by modeling dynamic behaviors based
on multiple image sequences of the orbits [11]. This model
combines the convolutional long short-term memory
(LSTM) network with the capability of a convolutional
neural network (CNN) to automatically extract features
from these images. It is trained and built based on a
sequence of images of orbits in good working condition.
The fusion of CNN and LSTM capabilities allows
obtaining long-term memory in the behaviors of sequences
archived in history.

Ma et al. developed a semi-active suspension (SAS)
system with nonlinear hydraulic adjustable damper (HAD)
that improves performance through multi-objective control
based on fuzzy neural network [12]. The model accuracy
and reliability are proven in terms of real-time fault
tracking and early warning using vibration signals
collected and simulated data from different industrial
turbomachines. This method provides an approach for
accurate fault detection in predictive maintenance of
turbomachines, focusing the innovative importance of
machine learning approaches in the axis that deals with
industrial machine monitoring. A presented study focuses
on high-resolution spectrum analysis [13], aiming to
calculate the amplitude, frequency, and phase details of
sinusoidal harmonic and subharmonic vibrations in large
rotating machines. From this high-resolution spectrum, a
purified tree orbit is reconstructed to remove interference
terms. The properties of the curves and instantaneous
times, which are insensitive to translational scale changes
and shaft orbit rotation, are then used to extract the refined
vibrational orbit characteristics. Subsequently, this charter
has proven to be effective in diagnosing various anomalies
affecting gas turbines, covering different operating
conditions and start-up stages. The approach introduces a
reliable method for analyzing and detecting problems
associated with these rotating machines, also specifying its
importance in ensuring their performance and reliability.
The authors addressed the examination of lateral vibrations
in a nonlinear and asymmetric rotating shaft system with
vertical support mechanism [14]. They used four-pole
active magnetic bearing equipment as an actuator for
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applying magnetic forces. The latter have the possibility to
control them in order to stabilize the equipment studied.
Based on the conclusion of this research work, which is a
mathematical model aimed at controlling the dynamics of
the system, the researchers obtained equations for the slow
flow of motion based on asymptotic analysis. The
oscillatory behaviors of the system were studied before
and after the application of the control. The main results
revealed that the asymmetric rotating shaft system, without
control, could exhibit significant amplitudes. Finally, the
conditions to avoid the occurrence of friction or impact
force between the rotating shaft and the legs of the
electromagnetic pole were discussed. This research study
investigates the importance of active control in vibration
reduction and stabilization of rotating equipment systems,
which offers prospects for improving some of their
important  characteristics, such as reliability and
performance. The paper [15] introduces multivariate
variational mode decomposition (MVMD) and complex-
valued signal decomposition. Cui et al. proposed
multivariate complex variational mode decomposition
(MCVMD), an approach with the ability to extract the
different forward and reverse components of multiple
bearing sections, as well as to perform a non-stationary
complex-type decomposition of the rotating part signal. An
analysis of the tribological behaviour of a ZA27 hybrid
composite was treated for the ZA27 hybrid composite with
SiC and graphite as addition elements [16]. Then, a
characterization of the wear degradation of ZA27 zinc-
aluminium alloy [17]. A qualitative analysis of the
lubrication of porous sliding bearings can also be found in
[18], Marinkovi¢ et al. established a model that aims to
analyze the lubricant behavior under various conditions.
For the purpose of health monitoring, they also presented
three-dimensional instantaneous orbit analysis (3D-IOM),
the latter allowing a fairly in-depth analysis of shaft
vibrations and providing a new method for signal fusion of
rotating machine bearings. This treated methodology has
remarkable importance in improving to understand the
behavior and monitor rotating machines by giving
innovative vibration analysis techniques.

Some other recent advances in fault diagnosis use
advanced signal processing and machine learning
techniques for reliability improvement in different
applications. Shen et al. present an enhanced
complementary ensemble empirical mode decomposition
(CEEMD) combined with a modified orthogonal minimum
entropy deconvolution (MOMEDA) algorithm for the
purpose of efficient diagnosis of axlebox bearing faults in
rotating equipment, demonstrating remarkable innovations
in accuracy [19]. Boussouloub et al. propose a new
approach based on the wuse of variational mode
decomposition (VMD) [20], which develops bearing fault
detection by isolating the relevant frequency components
and finally demonstrating the effectiveness under different
operating conditions [21]. As well as Lakikza et al. focus
on rotating mechanisms of wind turbines, by integrating
vibration signal processing with machine learning, in order
to identify bearing defects, aiming at the importance of

these approaches in the field of renewable energy [22].Xue
et al. studied the effectiveness of the approach based on
the use of torsional vibration signals, knowing that it is a
powerful tool for the detection of defects affecting the
planetary bearing [23]. Chen et al. propose an approach to
identify wear parameters in hydrodynamic bearings based
on on-rotor sensing (ORS) technology and operational
modal analysis (OMA) [24]. Still in the context of
hydrodynamic bearings, the tribological context discussed
in [25] comes into play to examine the lubricant effect and
rheological behavior, behavior analysis by wear [26] with
ANOVA Taguchi [27-29].

According to the treated state of the art, several
approaches are presented to highlight the diagnosis of
hydrodynamic bearings. Each treated approach has
limitations, such as the limitation of the management of
the variability of the operating conditions of the system,
the noises in the data, the complexity of interpretation of
the results, and the robustness problem for a dynamic
system subjected to several faults. The approach proposed
in this work is used to develop diagnostic techniques for
hydrodynamic bearings by orbital analysis of shaft line
displacements. With emphasis on their important role in
predictive maintenance and operational efficiency. It
presents an improvement in robustness under variable
operating conditions in the presence of several faults
addressed in [30], with real-time data collection with high-
precision piezoelectric sensors and negligible noise.
Therefore, this work is organized as follows:

e Formalism of the model associated with the
hydrodynamic bearing;

e Material and method;

¢ Results and discussion.

2. Formulation of Model

This section presents a brief description of the model
formulation. The value of the force exerted by the
lubricant film on the shaft is calculated by integrating the
pressure field obtained throughout the lubricant film. We
define a reference frame OX.,Y,, with the axis OX,
carried by the line of centers OO,. A point M of the
bearing is identified by the angle 6 (see Figure 1).

The components of the elementary force applied by the
lubricant film in M are then written according to formulas
(1) and (2) [31, 32]:

dwW, =(p—p,)R.dO.dzcoso @)
dw, = (p— p,)RdO.dzsin & (2)

and therefore, the components of the action of the
lubricant film on the shaft are expressed as follows by

formulas (3) and (4) :
6,

max L

W, = [ [(p-p)RdOdzcoso ©)
i O
Omax L

W, = [ [(p-p)RdO.dzsing @

[
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Figure 1. Geometric model of the bearing.

The calculation of the fluid friction torque is carried out
on one or other of the walls of the contact (shaft or
bearing) by integration of the shear stress. The expression
of the shear stress that interests us is expressed by formula

() [32]:
ou 1 op y7i
Ty ﬂ&y R 89(2y h) + h Rao (5)
The center of the shaft is moved parallel to the OX
and OY axes of £AX and £AY . The value of these
displacements is chosen as a relative value compared to
the radial clearance. This value is generally found in [4],
and the results obtained are satisfactory. However, we will
present a study of the influence of the choice of the value
of the disturbances on the terms of the stiffness matrix
[33]. The stiffness coefficients are then written as a
function of the lifts calculated following the disturbances
according to OX and OY by the following formulas (6),

(7), (8), and (9):
W, (AX) -W, (-AX)

A, = 2AX (6)
W, (AY) W, (-AY)

Axy - 2AY (7)
W, (AX)-W, (-AX)

A= 20X ®
W, (AY) =W, (-AY)

S Ry ®©)

The damping coefficients are expressed according to
[32, 33] by formula (10) as follows:

[AWX j |: BXX Bxy i| ).( ( )
=- 10
AW, B, B, y

The principle is similar to that applied for calculating
the stiffness matrix. We impose movement speeds at the

center of the shaft £ A X and = AY (reference linked to
the load). The introduction of these fluctuations in speed
modifies the Reynolds equation. Using the expression for
the components of the surface velocities, we can write the
time-dependent Reynolds formula (11) as follows [32]:
i[Pw@}i[me}:Aa(PH) 122 2PH) (19
00 00 oz oz 00 aT

Parameters in capital letters are dimensionless:

pzﬂ, H :ﬂl z:i,and T =tw with: pi

Y G R.
pressure lubricant.
The principle is to move the center of the tree of £AX
and *AY values, considering that these movements take

. . . o(PH)
place during a unit time. The calculation of the ———

term involves variations in the pressure and height fields
as a function of time. The variation in height is calculated
by the difference in the height field at equilibrium and the
height field after the movement of the tree. On the other
hand, for the variation of the pressure field, the calculation
is carried out during the resolution of the Reynolds
equation by the iterative Newton-Raphson process [34].

The eccentricity of the shaft is no longer sufficient to
define lift. It is necessary to take into account the number
A called the compressibility number [35]. It depends on
the dynamic viscosity of the lubricating fluid p, the
rotation speed of the shaft w, the radial clearance Cp, and
the pressure p [31](see formula (12)).

Azﬁﬂ_w[&jz
p (C,

(12)

The convergence is achieved when the rotor trajectory
is stabilized on an orbit [32, 33]. Given the periodic nature
of the movement, the iteration stopping test is expressed
by formula (13):

\/{X(t)— X(t+T)T J{Y(t)—v(tn)

X(t) Y(t)
with T the period of movement.

2
} <C, (13)

3. Material and Method

This section presents the equipment used for data
collection and analysis in this study. Three bearings are
used: (PTU), (PAI), and (PAS). Each of these bearings
offers distinct characteristics that allow for the evaluation
of different aspects of the mechanisms studied. For the
collection of displacement data, piezoelectric sensors are
installed on the bearings (see Figures 2, 3, and 4) arranged
in three distinct directions. These sensors are essential to
accurately measure the displacements and vibrations of the
tested mechanisms.

The approach proposed in this paper includes a set of
essential steps. First, prepare a precise experimental
protocol to collect data related to the studied system in real
time, based on the use of piezoelectric sensors (see Table
1). These sensors record the placements along the specific
directions, X, Y, and Z, after giving a global vision of the
behavior of the system. The installation of the sensors is
done at the three hydrodynamic bearings: (PTU), (PAS),
and (PAI). Then, the analysis of the collected data by
identifying the nature of the orbits. This analysis allowed
us to determine trends and patterns in the movements of
the mechanisms, as well as to identify possible anomalies
or irregularities, i.e., eccentricity with respect to the shaft
line (see Figure. 5). The aspect of this method is the
comparison of the collected data with the values of the
functional clearance allowed according to the ISO 7919-5
standard. In addition, 1SO 7919-5 provides guidelines
(Am, Ax, RG, and RD) and normal performance standards
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for various aspects of mechanical systems. This approach
also allows working on identifying areas of modification
and improvement for predictive maintenance, which helps
to further develop the overall performance of the
hydrodynamic bearings studied.

Figure 4. Sensor installation on PAS.
The test protocol is carried out according to several
signatures, such as:
e Start-up to unexcited no-load operation;
e Signature in unexcited no-load operation (MAVNE);
e Signature in excited no-load operation (MAVEX);
e Signature at 20 MW (MQUART);
e Signature at 40 MW (MDEMI);
e Signatures at half load with supply and absorption of
reagent (MDEMI +Q / MDEMI —-Q);

e Signature at 60 MW (M3QUARTS);
e Signature at full load (MPMAX);
¢ Monitoring of load drop and normal shutdown.

Table 1. Series of piezoelectric sensors used.

Designation Type Serial number

Analyzer OR36 901098

A3338

A6249

A6743

A6744

A6745

Accelerometer 101.01-9-2

A6747

A6748

A6749

A6750

A6751

AL66351

AL71302

AM92422

Displacement sensor TQ403
AM92423

AK25315

AK84133

Tachometer VLS7/T/LSR 1026956

Current clamp U200A/1V 12

Analysis &
Identification

Intervention

Figure 5. Proposed methodology.

Vibration data are indicators of equipment faults that
can be used to design more effective fault management
strategies when used in conjunction with other data
sources. For rotating equipment, rotational speed,
operating regime and load affect its vibration response. To
ensure the safety and reliability of machinery, it is
essential to protect it from mechanical vibration and ensure
high availability. Modern condition monitoring systems
measure noise to calculate characteristics such as vibration
levels at various rotational frequencies. It is recommended
to place vibration sensors near the bearings, with
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additional measurements on the rotor, shaft and
surrounding structure. Accelerometers are placed on the
stators to detect possible structural problems.
Displacement sensors must also take into account angle
variations depending on the orientation of the bearings
(horizontal or vertical).

ISO 7919-5 is a standard that focuses on monitoring
rotating machines based on vibration analysis, by taking
measurements directly on the shafts. It provides
measurements on the diagnosis and evaluation of
machines. It takes into account the types of sensors and
their  positioning, the environmental constraints
(temperature, load, etc.), and the rotation frequency of the
rotating machine. It evaluates the system according to
zones called limit values. 1SO 7919-5 norms for the peak-
to-peak vibration ranges are usually used to compare
vibration levels to the hydropower standards. The graph
below shows that the thresholds of the mentioned norms
vary based on the machine's rotation speed (rpm) (see
Figure. 6).

The signals are low-pass filtered at 25 Hz, and the
collected indicators are displayed in pm, such as:

e Smax: the greatest distance from the barycenter of the
orbit;

e Excentr.: relative displacement of this barycenter
during the tests;

e Spi: maximum value of the orbit in the direction of

probe 1;

e Sp: maximum value of the orbit in the direction of

probe 2;

Spp: greatest distance between two points of the orbit;

Gap X: evolution of the barycenter reported on the X

axis;

e Gap Y: evolution of the barycenter reported on the Y
axis.

The shaft rotation frequency is of the order of 333 rpm;
this value is determined by the system manufacturer; it
corresponds to the rotation frequency Fo. The
manufacturer provides the theoretical clearance of the
hydrodynamic bearings, denoted C», as follows: The
clearance of the PAS and PAI bearings is of the order of
460 pm; the clearance of the PTU bearing is of the order of
420 pm.

500

400

Shaft maximum relative vibration displacement , S.,,,,um

100 200 500

1000
Maximum service speed (rpm)

Shaft relative vibration peak-to-peak displacement , Sp-p,um

© 2025 Jordan Journal of Mechanical and Industrial Engineering. All rights reserved - Volume 19, Number 1 (ISSN 1995-6665)

4, Results and Discussion

This section presents the results validated by the
protocol of the methodology followed. Overall, the
displacement measurements are found to be compliant
with ISO 7919-5, except for the case at 40 MW, where the
observed values reach 508 pm during the tests with
reagent variations. This significant increase is attributable
to a disturbing hydraulic phenomenon that influences the
displacements of the shaft line. In accordance with 1SO
7919-5, these displacements place the hydrodynamic
bearing in zone D, as indicated in Table 2.

The displacements at the PTU bearing are found to be
significant, with a maximum of 550 um recorded at 40
MW. In accordance with 1SO 7919-5, these displacements
classify the bearing in zone D. The maximum cumulative
displacement of the shaft in its bearing reaches 680 pum,
thus exceeding the theoretical clearance value, as specified
in Table 3.

Concerning the displacements at the PAS bearing, the
Spp is 351 pm, with an Smax of 184 um recorded at
maximum full load. Based on ISO 7919-5, these
measurements classify the bearing in zone C. The
maximum cumulative displacement of the shaft in its
bearing is of the order of 360 um and is therefore less than
the theoretical clearance, as shown in Table 4.

These results highlight the importance of carefully
monitoring the various rotating components as part of the
bearing performance and operation analysis, which allows
the detection of anomalies and potential malfunctions in
order to ensure the continuous proper operation of the
system.

From Figure 7 and Table 5, they clearly highlight a
peak at measuring point 11 of the bearing at a frequency Fo
for a signature that is indicated by operation under a load
of order 40 MW. This phenomenon presents a fluctuation
of the load supported by the bearing at this generated
power. The detection of this peak gives remarkable
indications on the operating conditions of the rotating
system; thus, it allows us to understand the associated
constraints and the performances of the system at different
operating conditions. This remark could be the track to
guide the maintenance service towards adjustments or
corrective interventions in order to optimize the efficiency
and reliability of the bearing.

1000

900
800
700

600

500

&80 100 200 500

1000

Maximum service speed (rpm)

Figure 6. S, and S« according to ISO 7919-5.
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Table 2. Evolution of PAI bearing displacement indicators.
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Sinax SPI SP2 Spp
Test (um) Exentr. (um) (um) (um) (um) GapX (um) GapY (pum)
MAVNE 146 1 252 236 284 -1 0
MAVEX 146 10 262 234 289 10 4
20MW 124 25 215 192 242 25 -1
40MW 131 44 229 190 251 39 -21
60MW 109 24 194 167 215 21 -11
30OMW 110 11 192 165 215 2 11
40MW +Q 125 39 221 191 244 35 -17
40MW -Q 121 33 219 185 240 28 -18
Table 3. Evolution of PTU bearing displacement indicators.
Sinax Spt Sp2 Spp
Test (um) Exentr. (um) (um) (um) (um) GapX (um) GapY (um)
MAVNE 218 7 310 319 386 -5 4
MAVEX 203 30 331 298 377 19 23
20MW 191 220 327 273 327 -82 -204
40MW 287 266 501 391 502 -129 -233
60MW 170 259 305 214 305 -154 -209
80MW 182 225 347 268 347 -145 -172
40MW +Q 335 202 540 483 550 -95 -178
40MW -Q 305 231 505 460 511 -139 -185
Table 4. Evolution of PAS bearing displacement indicators.
Smax SPI SPZ Spp
Test (um) Exentr. (um) (um) (um) (um) GapX (um) GapY (pum)
MAVNE 184 8 295 313 351 -2 -8
MAVEX 153 19 249 257 296 -18 4
20MW 143 9 229 236 275 -9 -3
40MW 144 7 236 238 280 -1 -7
60MW 141 35 228 233 272 -34 6
SOMW 142 51 241 233 277 -41 30
40MW +Q 147 9 248 238 283 -7 -5
40MW -Q 144 15 238 235 277 -14 5
Table 5. DC level for low frequencies of measuring point 11 RD + PTU.
Test 04 MQUART 05 MDEMI 06 M3QUARTS
Measuring point 11 RD + PTU 11 RD + PTU 11 RD + PTU
DC leval -7356.0571 -7414.1113 -7446.6128
(nm eff) (um eff) (um eff)
— X(*) Y(*)
Hz mm/s eff
10 =104 MQUART 05 MDEMI 06 M3QUARTS
------------------------ A 5.55 2.22
B 22.22 0.34
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" C | 2777 | 090
1
D 0.54
= 1D
Y
E e e e e
IS
0.1+
0.01
,,,,,,,,,,,,, o — S
0.1 10.1 20.1 30.1 40.1 50 Hz

Figure 7. Low frequency spectrum of measuring point 11 RD + PTU.
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The PAI bearing displacement measurements reveal
satisfactory results. A maximum displacement (Spp) of 289
pm and a maximum peak displacement (Smax) of 146 pm
are recorded. A very minimal eccentricity is observed
throughout the tests, which confirms the stability of the
system. Based on I1SO 7919-5, these values classify the
bearing in zone B. The maximum cumulative displacement
reaches a value of order 300 um. However, it remains
below the predefined theoretical tolerance (see Table 6). In
this case, it is observed that the shaft line maintains its
optimal centering during all operating modes (tests), which
also ensures the proper operation of the PAI bearing as for
the entire shaft, as explained in Figure 8. This evidence on
the behavior of the shaft line guarantees the reliability of
the system and its ability to maintain these performances
in varied operating conditions.

The displacements recorded at the PAS bearing
indicate a peak-to-peak displacement (Spp) of 351 um, with
a maximum displacement recorded (Smax) of 184 pm
during the maximum full load no-load (MAVNE) tests. In
accordance with I1SO 7919-5, these measurements classify
the bearing in zone C. The maximum cumulative
displacement of the shaft in its bearing reaches 360 um,

© 2025 Jordan Journal of Mechanical and Industrial Engineering. All rights reserved - Volume 19, Number 1 (ISSN 1995-6665)

thus remaining below the theoretical clearance (see Table
7). As with the PAI bearing, the shaft maintains its central
position throughout the tests, as shown in Figure 9.
Throughout the acceleration phase, the shaft line
remains perfectly centered in its bearings (no offset from
the origin), as shown in Figure 10. The displacements of
the shaft line are significant, with a total cumulative
displacement of approximately 485 um. More precisely,
305 pm are recorded at the PTU bearing, 305 pum at the
PAI bearing, and 628 pum at the PAS bearing (see Table 8).
These data highlight the stresses exerted on the different
bearings during the acceleration phase, thus emphasizing
the importance of careful monitoring of these parameters.
The cumulative displacement of the shaft line measured
is of order 477 um on the PTU bearing, on the PAI bearing
is of order 247 pm, and on the PAS bearing is of order 564
pm, as shown in Table 9. Regarding the shutdown process,
the shaft line keeps its central position during this phase
(normal shutdown signature), as explained in Figure 11.
These collected data highlight the capability of the
bearings and the stability of the system under both normal
conditions, such as start-up and shutdown, which ensures
to maintain optimal performance and functional reliability.

Am
160
RG
Av
\"“ l‘“‘il‘l
i ]
-160 120 ' © 160
(1 MAVHE 02 MAVEX 04 MOUART |05 MDEMI _J06 M3CUARTS J 07 MPMAX | 08 MOEMI +0 |09 MOEMI -0
Figure 8. PAI bearing displacement orbits.
Table 6. Syp and Smax 0f measuring point 13 RD + PAI according to the tests.
Test 01 02 03 04 05 06 07 08
MAVNE MAVEX MQUART MDEMI M3QUARTS MPMAX MDEMI+Q |MDEMI -Q
IMeasuring point 13 RD+PAI |13 RD+PAI| 13 RD+PAI | 13 RD+PAI 13 RD+PAI 13 RD+PAI | 13 RD+PAI |13 RD+PAI
Spp (um) 283.9518 288.8391 241.5575 250.5909 214.6666 214.6615 243.7117 239.8279
Smax (um) 146.4131 146.1964 123.8545 130.9628 108.7845 109.5878 125.4384 120.6433
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Figure 9. PAS bearing displacement orbits.

11 RD+PTU 13 RD+PAI 15 RD+PAS

Figure 10. Bearing displacement orbits during start-up.

Table 7. Syp and Spax of measuring point 15 RD + PAS according to the tests.

245

Test 01 02 03 04 05 06 07 08
MAVNE MAVEX MQUART MDEMI M3QUARTS | MPMAX MDEMI+Q | MDEMI-Q
Measuring point |15 RD+PAS| 15 RD+PAS | 15 RD+PAS | 15 RD+PAS | 15 RD+PAS | 15 RD+PAS | 15 RD+PAS | 15 RD+PAS
Spp (um) 351.3576 295.5035 275.0793 280.2937 271.7455 276.6647 283.4193 276.6362
Smax (um) 184.1929 153.2460 142.9217 143.6930 140.9827 141.6541 147.337 143.7225
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Figure 11. Bearing displacement orbits during normal shutdown.
Table 8. Spp and Smax of measuring points 11 RD+PTU, 13 RD+PAI, and 15 RD+PAS of the landings during start-up.

Test Startup
Measuring point 11 RD+PTU 13 RD+PAI 15 RD+PAS
Spp (um) 485.2635 305.2899 628.1533
Smax (pm) 264.8388 166.2438 367.8977
Table 9. Syp and Smax 0f measuring points 11 RD+PTU, 13 RD+PAI, and 15 RD+PAS of the landings during normal stop.
Test Normal shutdown
Measuring point 11 RD+PTU 13 RD+PAI 15 RD+PAS
Spp (um) 477.5346 247.7523 563.7659
Smax (pm) 266.5584 133.0444 307.6003

The treated approach offers remarkable potential for
real-time health monitoring, predictive maintenance.
Which helps further research works to exploit the
robustness and accuracy of the approach in other studies
with hydrodynamic bearings of different materials, other
rotating machines, reduction of maintenance cost by
increasing bearing life, reduction of unplanned failures.

5. Conclusion and Perspectives

This work addressed the problem of shaft line
displacements of a hydrodynamic bearing, which can
cause failures during operation. It first presents the
modeling of the geometric model of the hydrodynamic
bearing, as well as the formulation of the boundary
condition for proper operation (see equation (16)). Then, a
study is conducted to diagnose and evaluate the
performance of three PTU, PAI, and PAS bearings of a
rotating machine. The adopted approach is based on orbital
analysis, compared to the ISO 7919-5 standard. The results
obtained using the methodological protocol demonstrate
the reliability and accuracy of the diagnostic approach for

the different operating tests of the rotating machine. By

highlighting a compliant shaft line displacement for:

e The PAI bearing with Spp, Smax, and a cumulative
displacement of order 289, 146, and 247 pm
(respectively), which is lower than the theoretical
clearance determined by the manufacturer.

e The PAS bearing with Spp, Smax, and cumulative
displacement of order 351, 184, and 628 pm
(respectively). The cumulative displacement exceeds
the theoretical clearance value determined by the
manufacturer during start-up, which can cause bearing
wear.

The PAS bearing with Spp, Smax, and cumulative

displacement of order 485, 305, and 477 pm

(respectively).

e The Sp and cumulative displacement exceed the
theoretical clearance value determined by the
manufacturer during start-up, which can cause bearing
wear.

Regarding the shutdown process, the shaft line
maintains its central position during this phase (normal
shutdown signature). This work opens the way to a
relevant research component aimed at setting up a real-
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time monitoring system. This system would be based on
algorithms integrated into an expert system whose function
would be to provide the health status of the hydrodynamic
bearing in order to prevent any potential failure. This
process would thus contribute to ensuring the reliability
and safety of operations while minimizing unforeseen
risks; this is given in detail in [36] for the diagnosis and
prognosis of a rotating machine based on ANN models.
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