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Abstract
The growth of the wind energy sector is confronted with stringent noise regulations, particularly concerning tonal noises
from wind turbines (WTs). These tonal noises, originating from drivetrain vibrations such those caused by gear meshing,
are transmitted as structure-borne sound through the WT and ultimately emerge into the surrounding environment as sound
emissions. Given that tonal noises are irritating to humans, there is a need for early-stage noise, vibration, and harshness
(NVH) mitigation.
Recently, a trend has emerged towards replacing planetary rolling bearings (PRBs) with planetary journal bearings (PJBs)
in the gearboxes of WT drivetrains. This shift offers several advantages, including reduced installation space, increased
reliability, and improved vibration reduction, the latter being especially important for complying with noise regulations.
Thus, this paper aims to analyze the impact of using PJBs on the NVH behavior of WTs. To achieve this, the dynamic
behavior of a generic 5MW WT under nominal operational conditions is simulated using a multi-body simulation (MBS)
model. The findings of this study indicate significant potential for enhanced noise mitigation through the adoption of PJBs,
with the bearing main parameters playing a role in the damping characteristics of the bearing.

Einfluss hydrodynamischer Planetengleitlager auf das NVH-Verhalten vonWindenergieanlagen

Zusammenfassung
Das Wachstum des Windenergiesektors wird mit strengen Lärmschutzvorschriften konfrontiert, insbesondere in Bezug auf
tonale Geräusche von Windenergieanlagen. Diese tonalen Geräusche, die aus den Vibrationen im Triebstrang resultie-
ren, werden als Körperschall durch die Windenergieanlage übertragen und treten schließlich als Schallemissionen in die
Umgebung aus. Da tonale Geräusche für Menschen besonders störend sind, besteht die Notwendigkeit, Maßnahmen zur
Reduzierung von NVH bereits in der frühen Entwicklungsphase zu ergreifen.
In letzter Zeit zeichnet sich ein Trend ab, Planetenwälzlager durch Gleitlager in den Getrieben von Antriebssträngen der
Windenergieanlage zu ersetzen. Dieser Wechsel bietet mehrere Vorteile, darunter ein geringerer Platzbedarf, eine höhere
Zuverlässigkeit und eine verbesserte Reduktion von Vibrationen. Letzteres ist besonders wichtig, um die Lärmschutzvor-
schriften einzuhalten. Daher zielt diese Arbeit darauf ab, den Einfluss der Verwendung von Planetengleitlagern auf das
NVH-Verhalten von Windenergieanlagen zu analysieren. Zu diesem Zweck wird das dynamische Verhalten einer gene-
rischen 5-MW-Windenergieanlage unter Nennbetriebsbedingungen mittels eines Mehrkörpersimulationsmodells simuliert.
Die Ergebnisse dieser Studie zeigen ein signifikantes Potenzial zur verbesserten Lärmminderung durch den Einsatz von
Planetengleitlagern, wobei die Hauptparameter des Lagers eine Rolle in den Dämpfungseigenschaften spielen.
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1 Introduction

The wind energy sector has witnessed significant commer-
cial growth over the past decade, with notable commitment
from various nations to achieve zero carbon emissions by
the mid-21st century [1]. Despite this progress, there exists
sustained pressure within the wind industry to reduce the
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levelized cost of electricity (LCoE) while also complying
with legal limitations concerning sound emission [2, 3].

In one respect, competitiveness characterizes energy
markets, with various renewable energy sources, including
wind, competing to offer the most cost-effective electricity.
To achieve lower LCoE, WTs are to be designed with larger
rotor diameters to achieve higher power ratings while also
featuring more compact drivetrains to reduce costs [4].
This leads to higher rotor hub load that the drivetrain must
sustain. Hence, there is a continuous demand for improve-
ment in drivetrain component design in terms of power
density. A notable trend in recent years involves replacing
conventional rolling element bearings (RBs) used as planet
gear bearings in WT gearboxes with journal bearings (JBs).
This shift is driven by the advantages of JBs, including re-
duced installation space, higher reliability, and enhanced
vibration reduction [6], the latter being particularly crucial
for adhering to noise regulations.

In the other respect, the wind energy sector faces in-
creasingly stringent noise protection regulations [2]. Those
regulations define the minimum distance required of a wind
turbine to urbanized areas. Noncompliance with these noise
protection regulations can have significant consequences
for the WT operation, ranging from startup delays to sub-
optimal operation modes with reduced aeroacoustic noise
emission and power output. In extreme cases, even the de-
commissioning of WTs can be a consequence, posing sub-
stantial economic risks to operators. In this regard, a major
concern is the tonal noise generated by WT drivetrains.
In comparison to the broadband noise generated by WTs
blades, tonal noise is often perceived as more irritating by
human recipients.

These tonalities primarily arise from periodic vibrations
in the drivetrain [7], such as those caused by gear meshing
or the electro-mechanical excitations from the generator.
These vibrations are transmitted as structure-borne sound
through the WT machinery, eventually reaching the outer
surface of the WT, for example, the rotor blade surface [8].
At this point, the vibrations are radiated as airborne sound
into the surrounding environment, where they are perceived
by nearby residents [9, 10].

Given the relevance of the NVH behavior of WTs, par-
ticularly tonalities, addressing this issue during the early
stages of drivetrain development is crucial. While field and
test rig measurements are commonly used for this purpose,
they are costly and may prolong the development cycle
due to the need for prototype construction. In contrast,
numerical investigations offer a more efficient and faster
assessment, as they allow for versatile and customizable
testing of different WT designs regarding NVH behavior
through simulations. This makes them well-suited for early-
stage development. Nonetheless, accurately modeling the

dynamic behavior of mechanical components can still be
challenging [11].

Several studies have explored the NVH behavior of WTs
through numerical analysis, investigating system-level as-
pects such as the effects of various drivetrain configurations
[12]. Other studies have focused on specific components,
such as the influence of RBs [8, 13] or excitation forces
generated by the generator of direct-drive WTs [14]. Nev-
ertheless, research on the impact of JBs on NVH behavior
of WT remains limited. To the authors’ knowledge, the nu-
merical and experimental studies conducted by [8, 15–17]
have explored this aspect to some extent. While some inves-
tigations included PJBs, others focused on JBs in different
drivetrain areas, such as for the sun gear of the high-speed
shaft (HSS).

Experimental studies conducted by Meyer et al. demon-
strated the successful operation of a gearbox prototype
equipped with JBs in both test rigs and field conditions.
Their findings indicate that JBs can operate hydrodynam-
ically under wind power-specific conditions, resulting in
benefits such as reduced structure-borne sound vibrations
[16, 17].

Vanhollebeke et al. investigated mechanical noise origi-
nating from gearbox bearings using a multi-body gearbox
model where the bearings were represented through stiff-
ness and damping values. Their research showed that re-
placing RBs with JBs significantly improved the overall
noise and vibration behavior. The damping values of the
bearings were determined by linearizing the lubricant pres-
sure field distribution of the JBs under their operating con-
ditions, underscoring the importance of conducting EHD
simulations to obtain the lubricant state as a primary step.
Additionally, experiments on a test rig, where a gearbox
prototype was refitted with JBs, revealed a significant re-
duction in vibration amplitudes compared to RBs [8].

Siddiqui et al. investigated the dynamic behavior of aWT
gearbox with RBs and JBs used as the HSS bearing. Their
simulations observed significant damping of HSS vibrations
in the JB based gearbox model. Furthermore, the authors
emphasize the need for further research focused on studying
the interactions between the gearbox and JBs, alongside
a detailed WT model [15].

Thus far, a complete understanding of the influence of
PJBs on the NVH behavior of WTs remains unknown. For
this purpose, a comprehensive MBS WT model featuring
PJBs is required. Determining the NVH-relevant param-
eters needed to model the PJBs, particularly stiffness and
damping coefficients, presents a significant challenge. In the
case of RBs, modeling these parameters in an NVH model
is often done through a single load-displacement curve. For
JBs, however, these parameters vary considerably depend-
ing on the lubricant film pressure. The pressure itself varies
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across the bearing surface and is highly dependent on the
operating conditions of the bearing [6].

Detailed EHD simulations can address this complex-
ity by obtaining the lubricant film state during operation
through solving the Reynolds equation [18]. Although
computationally more intensive than a simplified linearized
model and particularly in combination with a compre-
hensive MBS WT model, EHD simulations enable more
accurate assessments of the influence of these bearings on
the WT NVH behavior.

Therefore, this study aims to investigate the NVH char-
acteristics of PJBs and their impact on the NVH behavior of
WTs, focusing on system dynamics and potential tonalities.
This objective is pursued through a combination of an MBS
WT model featuring EHD simulations to comprehensively
model the dynamic behavior of a generic 5MW WT featur-
ing PJBs under nominal operating conditions. By analyzing
various frequency response functions (FRFs) between two
selected points in the drivetrain, the study assesses when
and to what extent the PJBs contribute to the propagation
of structure-borne sound to the WT outer surfaces. This
assessment includes comparisons with PRBs and considers

Fig. 1 MBS model of the
5MW WT equipped with PJBs
in the LSS gearset

LSS

Generator

IMS

Frame

Main Bearings

Springer-Damper
Elements

Table 1 Gearbox parameters Parameter Symbol Gearset Unit

LSS IMS

Transmission ratio i 4.33 6.52 [–]

Module m 25 14 [mm]

Helix angle “ 10 8 [°]

# Sun teeth z1 30 23 [–]

# Ring teeth z2 –100 –127 [–]

# Planet teeth zp 35 52 [–]

# Planets Np 5 3 [–]

JB width W 380 – [mm]

JB diameter D 300 – [mm]

JB clearance § 0.5 – [�]

variations in the PJBs’ main parameters, namely bearing
clearance, width-to-diameter ratio, and lubricant viscosity.

2 Modelling approach

The characteristics of this MBS model will be presented in
this section. The discussed model was originally developed
at the Chair for Wind Power Drives [12], but has been
slightly adjusted to feature PJBs for the purposes of this
study.

The MBS model employed in this study is depicted in
Fig. 1. The figure provides a closeup view of the key com-
ponents of the WT drivetrain. In this model, the main shaft
is supported by two main bearings (tapered rolling bearings)
fixed to the drivetrain housing, which is, in turn, connected
to the machine frame via four spring-damper elements. On
the upwind side, the main shaft is rigidly connected to the
rotor hub, and on the downwind side, to the low-speed shaft
(LSS) gearset.

The planetary carrier of the LSS gearset incorporates
five helical planet gears supported by PJBs. The ring gear
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is clamped into the drivetrain housing and remains non-ro-
tatable, while the sun gear is mounted on the intermediate
shaft (IMS). The IMS gearset features three helical planet
gears, which are supported by the typical PRBs on the car-
rier. As with the LSS gearset, the ring gear is clamped into
the drivetrain housing, and the sun gear, as the output, is
mounted on the generator shaft.

In this configuration, the drivetrain features a two-stage
planetary gearbox, which is typical for integrated drive-
trains. For simplicity and to reduce computational costs,
PJBs are included only in the LSS gearset. Unlike the IMS,
the LSS is subjected to the full rotor torque, making it the
primary choice to benefit from the increased power density
offered by PJBs.

The LSS gearset and its PJBs are designed according to
the current state of the art of PJBs in WTs [17], aiming
for hydrodynamic operation of the JBs under the nominal
operating conditions of a 5MW WT. The parameters for
the LSS gearset and its JBs, as well as those for the IMS
gearset, are detailed in Table 1.

Excitations from gear meshing are significant sources of
vibration in WT drivetrains. Therefore, comprehensive gear
modeling is essential to accurately simulate these sources.
This study employs a force element model to simulate tooth
mesh interactions, considering factors such as gear distance,
position, and orientation. Gear misalignment effects are ad-
dressed to account for profile modifications and tilt, the
latter being crucial for accurately describing the dynamic
behavior of the planet gear and its JB [19, 20]. Contact
forces, including stiffness, damping, and friction, are cal-
culated using the ‘Weber/Banaschek’ approach [22]. Ad-
ditionally, gear flexibility is incorporated into the model,
further enhancing the NVH assessment of the WT.

The LSS PJBs are modeled using a force element, which
simulates lubricated conformal contact between two bear-
ing surfaces by solving the Reynolds equation [18]. This
approach facilitates the analysis of various bearing perfor-
mance characteristics, including forces, pressure distribu-
tion, and relative eccentricity. In this study, EHD simula-
tions are conducted, considering the local flexible defor-
mation of both bearing surfaces and their influence on oil
film height h. For the sake of simplicity, the calculation of
bearing temperature and its influence on lubricant viscos-
ity, as well as the effect of surface roughness on bearing
hydrodynamics, are not addressed in this study.

The five JBs are equipped with grooves according to
DIN 7477 to supply lubricant. A lubricant of viscosity class
ISO VG 320 at a nominal temperature of 60°C is used in
this study, as it is commonly employed in WTs [17]. Addi-
tionally, a simple quadratic profile (Fig. 2) is applied to the
surface of the bearing sleeve to manage the elevated bear-
ing pressures at the edges caused by planet gear tilt [19]. In
the equation, x, φ, ψ, R, W represent the bearing’s axial and

Fig. 2 Crowning profile applied to the PJBs

circumferential coordinate, dimensionless clearance, radius,
and width, respectively.

To compare the influence of PJBs with PRBs, a com-
prehensive force element is required to accurately describe
the dynamic behavior of RBs. This force element enables
the detailed calculation of forces and torques transmitted by
RBs, considering their geometric properties in accordance
with ISO 16281. The calculation is performed for each
rolling element and accounts for nonlinear stiffness char-
acteristics, as well as clearance and cross-coupling effects,
using the lamina roller model [21]. The damping charac-
teristics are calculated based on the assumption of constant
natural damping. In this work, a standard cylindrical RB
from the catalog is selected, featuring the same inner ring
diameter as the JB but with half the width. Consequently,
two RBs placed side by side are used to support each planet
gear, replacing the single JB.

The generator is not extensively detailed here; only the
rotor wheel of the generator is included as part of the output
shaft. The generator torque is applied to the rotor using
a concentrated load approach. This simplification overlooks
the reality where the airgap forces are distributed among the
airgap surface of the rotor and stator [14]. Consequently,
torque ripples and other excitations from the generator are
neglected, leaving the gears meshing as the primary noise
source in the model.

Furthermore, the nacelle cover of the WT is neglected
as well, as it is irrelevant to the investigation of structure-
borne sound transfer within the drivetrain [23], which is the
focus of this study. The wind-dependent azimuth and pitch
bearings have their movement restricted, as wind effects
are not considered. Instead, the rotor hub is constrained
to rotate at a nominal speed of 10 rpm under the nominal
operating conditions of a 5MW WT.

The drivetrain components are modeled as flexible struc-
tures. The geometries of all components are imported into
a finite element (FE) environment (Fig. 3), where they
are meshed and associated with material parameters. The
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Fig. 3 FE models of the LSS gearset: orange indicates EHD surfaces,
and green represents tie constraints

carrier is represented using EN-GJS-700-2, while the pin
sleeve is modeled using CuSn12Ni2-C. All the gears are
modeled using 18CrNiMo7-6. Modal reduction is then per-
formed according to the Craig-Bampton method [7]. Se-
lected Degrees of Freedom (DOFs) are identified as Mas-
ter-DOFs to introduce loads at the corresponding locations
in the MBS.

To conduct the NVH analysis, it is necessary to deter-
mine excitation and measurement points, between which
transfer functions (FRFs) can be computed. This approach
is used to assess how much the oil film in the PJBs con-
tributes to the propagation of structure-borne sound to the
outer surfaces of the WT. As in Fig. 4, sensors are placed
in the WT model that measure body acceleration concentric
at the following locations: tower top and rotor hub. These
locations are selected because they serve as key interfaces
with the tower and rotor blades, where significant sound
emissions from the WT are anticipated [23]. The excitation
point lies at one of the five planet gears.

Excitation

Sensors

Fig. 4 Placement of the excitation and sensor points in the WT model

Fig. 5 Hydrodynamic pressure field of PJBs during nominal operating
conditions

3 Results & discussion

During nominal operating conditions (5MW and 10rpm),
the PJBs slide at a rotational speed of approximately
0.45m/s and exhibit an average bearing pressure of
10.2MPa. The hydrodynamic pressure field distribution
across the PJB surface is illustrated in Fig. 5. The two
prominent high-pressure zones observed at the bearing
ends, with an angular separation of approximately 180°,
are characteristic of planetary bearings.

Under rated operating conditions, the PJBs exhibit no
asperity contact, attributable to the applied quadratic pro-
file to the bearing surface. Without this profile, the high-
pressure zones exhibit even higher hydrodynamic pressure
values and additional contact pressure due to asperity con-
tact. Over the course of one full rotor rotation, the maximum
hydrodynamic pressure during operating conditions is ap-
proximately 90MPa, which is significantly below the yield
strength of the pin sleeve material, approximately 180MPa,
indicating a safety margin in its hydrodynamic carrying ca-
pacity.

Prior to exploring the various FRFs of the WT model, it
is beneficial to understand the excitations originating from
the drivetrain using spectrograms. This understanding aids
in identifying potential tonalities and the frequency regions
where most of the excitation frequencies are located. Con-
sequently, when analyzing the FRFs, focus can be directed
to this region.

The spectrograms of absolute accelerations obtained
from the sensor at the rotor hub of the WT model, equipped
with PJBs and PRBs in the LSS gearset, are presented in
Fig. 6. For these spectrograms, a 50-second ramp-up sim-
ulation is conducted for both model variants to obtain the
excitation frequencies dependent on rotor rotational speed.

The vertical red line represents the nominal rotor rota-
tional speed of the WT. The more prevalent but less intense
rays represent the gear mesh frequency and its upper har-
monics fLSS, i arising from the LSS gearset. The more intense
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Fig. 6 Spectrograms of absolute
accelerations obtained at the
rotor hub of the WT model,
equipped with PRBs (left) and
PJBs (right) in the LSS gearset

IMS,

LSS,

Fig. 7 FRFs resulting from an
excitation at the LSS planet
gear in the x direction and the
acceleration response at the
tower top in the y direction

but less prevalent rays represent the gear mesh frequency
and its harmonics fIMS, i of the IMS gearset. The gear mesh
frequencies at the nominal rotor rotational speed are sum-
marized in Table 2.

From the figure, it can be observed that the WT model
with PJBs generally exhibits reduced dB levels. This reduc-
tion is particularly noticeable for the mesh frequency har-
monics of the LSS gearset, averaging approximately 2.7dB
lower at the rotor hub for the LSS excitation frequencies.
A reduction of about 1.5dB is also observed at the towertop.

Table 2 Gear mesh frequencies of the WT model gearbox at nominal
rotor rotational speed

Stage Gear Mesh Frequency (10RPM)

LSS 16.66Hz

IMS 91.72Hz

The frequency harmonics of the IMS gearset remain largely
unaffected. This is expected, as only the bearings in the LSS
gearset are changed. In what follows, the study concentrates
on frequencies up to 350Hz, as, beyond this range, the ex-
citation intensity from the LSS gearset diminishes for both
model variants, and no more significant system resonances
appear in the various FRFs.

To analyze the difference in transfer behavior between
the two bearing variants, the amplitude curve of two
FRFs—resulting from an excitation at the LSS planet gear
in the x direction and the acceleration response at the tower
top in the y direction—is illustrated in Fig. 7. It is com-
puted for the WT model with either PJBs or PRBs in the
LSS gearset.

Minimal differences in transfer behavior between PJBs
and PRBs are observed up to approximately 80Hz. This
phenomenon is also noticeable in other FRFs obtained at
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Fig. 8 FRFs resulting from an
excitation at the LSS planet
gear in the z direction and the
acceleration response at the
tower top in the x direction

the rotor hub or blade tip for different acceleration direc-
tions. This can be attributed to the vibration characteristics
of the WT in this frequency range, where the LSS gearset
does not exhibit a significant vibration pattern within the
overall drivetrain vibration pattern. Instead, it mainly oscil-
lates rigidly with the entire drivetrain.

Consequently, there is minimal oscillation within the
LSS gearset in this frequency range, where the planetary
bearings could exert influence. Starting at approximately
100Hz, the participation of the LSS gearset in the over-
all drivetrain oscillations becomes evident, particularly in
the WT model with PJBs. This model exhibits reduced
responses with damped resonance peaks in the amplitude
curve of the FRFs. This is notably observed at two res-
onance peaks: (1) around 120Hz, primarily representing
a whirling vibration mode about the drivetrain axis, and
(2) at 136Hz, corresponding to a higher-order lateral bend-
ing mode. The use of PJBs results in a reduction in vibration
amplitude of approximately 8 and 12dB, respectively, for
these two resonance peaks and this combination of mea-
surement and excitation directions.

Analysis of the FRF amplitude curves reveals differ-
ences in system stiffness between the two bearing types.
The FRF amplitude for the WT model with PJBs shows
a slight rightward shift, indicating increased stiffness at
corresponding frequencies for this transfer combination of
measurement and excitation point. For example, the reso-
nance frequency (1) shifts slightly to the right for the WT
model with PJBs. However, at resonance peak (3) around
189Hz, the response for the WT model with PJBs appears
less stiff but more damped. Despite these observations, the
overall stiffness of the system shows minimal variation,
suggesting that the impact of PJBs on the total stiffness
of the system is negligible compared to the impact on the
system damping.

Vertical dotted lines in Fig. 7 denote relevant excitation
frequencies at the rotor’s nominal rotational speed, result-
ing from the gear meshing of the LSS and IMS gearsets
observed in Fig. 6. These frequencies are located near res-
onance peaks and contribute to tonalities. In such cases, the
response may be better damped by opting for PJBs.

To further understand the impact of PJBs on the NVH
behavior of WTs, bearing parameters are to be examined,
such as the bearing clearance δr. Figure 8 presents the am-
plitude curves of various FRFs resulting from excitation at
the LSS planet gear in the x direction and the acceleration
response at the tower top in the z direction. These FRFs
are calculated for different radial clearance values δr in the
PJBs.

As already observed in Fig. 7, there exists no signifi-
cant impact on the lubricant film’s transfer up to approx-
imately 120Hz. This further suggests minimal oscillation
within the LSS gearset in this range, where the bearings
might exert influence. Beyond 120Hz, increasing the bear-
ing radial clearance leads to reduced damping and more
pronounced resonance peaks. This effect is especially no-
table at the following resonance frequencies: (1) around
156Hz, associated with lateral and vertical bending modes
of the drivetrain, and (2) approximately 226Hz, related to
the vertical bending mode of the main shaft combined with
the lateral bending mode of the drivetrain. This results in
an average increase in vibration amplitude of 0.75dB per
10μm increase in bearing clearance δr at these resonance
peaks.

Analysis of the FRF amplitude shows minimal changes
in system stiffness with varying bearing radial clearance δr.
Although resonance peaks may shift slightly with increased
clearance—rightward at (1) and leftward at (2)—overall
stiffness remains largely unaffected. In contrast, damping
characteristics exhibit more noticeable changes.
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Table 3 Influence of the PJB
design parameters on the transfer
behavior of the lubricant film,
“�” represents no change; “–”
indicates a decrease, while “+”
indicates an increase

Increase in Stiffness Damping

Radial clearance ır � −

Lubricant viscosity � � +

Width-Diameter ratio W=D � +

Vertical dotted lines in the figure indicate excitation fre-
quencies at the rotor’s nominal rotational speed, resulting
from the meshing of the LSS gearset. These excitation fre-
quencies are closely aligned with resonances that could po-
tentially lead to resonance issues and may be better damped
with smaller bearing clearances δr. While these excitation
frequencies may not exactly match the resonance frequen-
cies, they could align with resonance frequencies if the WT
operates at a rotational speed slightly different from its rated
speed.

In this study, further JB main design parameters are ex-
amined, and the impact of increasing the value of the bear-
ing main parameters on the system’s stiffness and damping
is summarized in Table 3. The results indicate that all exam-
ined parameters have negligible influence on stiffness but
do affect the damping behavior of the bearing.

4 Conclusion

In this study, the impact of a LSS gearset with PJBs on the
NVH behavior of a 5MW WT is examined. This analysis
involves comparing the spectrograms and transfer charac-
teristics of PJBs with those of PRBs, as well as varying
several JB parameters, such as bearing clearance. A com-
prehensive MBS model of a 5MW WT is utilized for this
purpose. The spectrograms and FRFs indicate that a WT
equipped with PJBs generally produces lower noise levels.
While the initial frequency responses for both bearing types
are similar, JBs exhibit superior damping and reduced res-
onance peaks at higher frequencies. Additionally, the study
shows the effects of changes in lubricant viscosity, bear-
ing width ratio, and clearance on transfer characteristics.
It is found that increased viscosity and bearing width en-
hance damping, whereas increased clearance adversely af-
fects damping. The influence on system stiffness is found
to be negligible.

Future research should investigate the simultaneous ef-
fects of various design parameters on the transfer charac-
teristics of oil films. The optimal combinations of parame-
ters, such as bearing clearance and lubricant viscosity, for
achieving optimal damping remain unclear due to nonlinear
interactions.

Additionally, other factors, including asperity contact,
bearing surface roughness, different crowning profiles, oil
groove placement, or thermal effects, could also be exam-

ined. Some of which can be estimated based on the results
of already tested ones. For example, thermal effects are
expected to influence the system similarly to viscosity vari-
ations. However, asperity contact introduces notable differ-
ences. In a PJB operating in the mixed-lubrication regime,
vibrations are transmitted not only through the lubricant but
also via asperity contact, which has lower damping proper-
ties, leading to reduced vibration mitigation.
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