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ABSTRACT

The article presents the results of experimental investigations and simulation analyses regarding the potential for
partial reduction or complete elimination of the stick-slip phenomenon in sliding motion through the introduc-
tion of forced tangential longitudinal vibrations into the contact zone of the friction pair, with precisely defined
parameters such as amplitude and frequency. An original analytical model is presented, enabling the selection of
optimal parameters of the forced vibrations, under which the stick-slip phenomenon for a given friction pair can be
reduced or completely eliminated. The investigations were carried out for three friction pairs comprising C45 steel,
GGGA40 cast iron, and polytetrafluoroethylene (PTFE), characterized by distinctly different mechanical properties.
A very good agreement was obtained between the results of experimental tests and model analyses, demonstrating
accurate modeling of frictional phenomena in the contact zone of the friction pair during sliding motion using the

adopted computational algorithm.
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INTRODUCTION

Friction-induced stick-slip vibrations consti-
tute a persistent challenge in numerous techno-
logical and utility processes, including braking
systems [1,2], railway wheel-rail interactions
[3,4], motion control in robotic and machine
modules [5,6], high-precision machining opera-
tions [7,8], and deep-well drilling [9,10]. This
phenomenon, characterized by the irregular mo-
tion of a sliding body, causes operational insta-
bilities in mechanical systems and accelerates
wear of their components [11,12].

The generation of self-excited frictional vi-
brations results from the variable magnitude of
the sliding friction force, which depends on the
instantaneous slip velocity. The distinction be-
tween the coefficients of static and kinetic fric-
tion stems from the elastic-plastic properties
of the frictional contact, governed by material
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characteristics, surfaces texture and contact pres-
sure [13,14]. These coefficients are not constant
and exhibit variability. The maximum static fric-
tion force increases with the duration of the static
phase due to the interlocking of surface asperities
and the strengthening of adhesive bonds [15,16].
The kinetic friction force depends on the instan-
taneous slip velocity and the motion history over
the preceding critical interval. Higher values of
the kinetic friction coefficient occur during ac-
celeration, while lower values occur during de-
celeration driving the dynamic instability in fric-
tional systems [17,18].

In industrial applications, stick-slip vibrations
constitute a significant challenge in sliding sys-
tems with low drive stiffness or operating at low
sliding velocities. For each frictional pair, criti-
cal values of these parameters can be determined,
and exceeding either one effectively prevents the
onset of self-excited frictional vibrations [19,20].
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An example of a sliding system with low stift-
ness is the drilling equipment used for deep bore-
hole excavation in the oil mining industry. The
high slenderness of these systems, combined with
significant frictional forces, predisposes them to
friction-induced stick-slip vibrations [9,21-23].
These phenomena increase the costs of drilling
operations by accelerating drill bit wear and ne-
cessitating reduced penetration rates due to cyclic
dynamic stresses, which cause fatigue damage to
the structure. The problem is particularly severe
in horizontal wells, where the increased sliding
contact area between the drilling system and the
borehole walls exacerbates frictional resistance
[9,10,24,25].

Functioning at low feed rates is typical for ma-
chines that require high operational accuracy and
perform under high loads, such as machine tools,
manipulators, or measuring devices. The occur-
rence of friction-induced stick-slip vibrations in
the operation of sliding guides significantly ac-
celerates the wear of machine components and
reduces the positioning accuracy of their moving
parts, as the achieved actual position will depend
on the amplitude of these vibrations [5-8,26,27].

In some cases, stick-slip vibrations in the ope-
ration of machines and devices must be eliminated
not only due to disruptions or potential structural
damage but also because of the harmful noise
generated. While the sound produced by frictional
vibrations in stringed musical instruments may be
pleasant, the squealing noises from braking and
curving are considered a form of environmental
noise pollution [1-4,28-30]. A primary example
of this type of disruptive noise is the curve squeal
generated by stick-slip vibrations during the curv-
ing of rail vehicles in large urban areas, where the
high frequency of traffic exacerbates their impact
[3,4]. This issue also manifests in high-speed rail
systems, where high-frequency noise generated
by braking mechanisms not only contributes to
environmental degradation but also affects pas-
senger ride comfort and the physical and mental
health of railway workers [2,29,30]. Moreover,
friction-induced stick-slip vibrations pose a se-
rious threat to train safety by causing failures in
braking system components, such as brake pad
cracking, uneven lining wear, or damage to the
caliper mechanism [2,30].

As a result of the widespread occurrence of
stick-slip vibrations in mechanical systems and
the negative effects of their impact, various me-
thods for their elimination have been developed.

During the design phase of a sliding system, it is
essential to select materials with low friction co-
efficients for the contact surfaces [31,32], achieve
optimal surface roughness [31,32], including in-
tentional micro texturing [27,33], and choose a
lubrication method appropriate for the system’s
intended operating conditions [34,35]. Avoiding
self-excited frictional vibrations is also possible
by ensuring high drive system stiffness [19,36],
minimizing surface pressures [32], and determin-
ing safe feed rate ranges through the identifica-
tion of friction parameters [7].

A promising method for eliminating stick-
slip friction vibrations is so called dynamic lu-
brication, which involves introducing external
mechanical vibrations with selected parameters
into the sliding contact area [10,28,37,38]. This
method is an alternative to traditional lubrication
techniques, particularly under challenging condi-
tions such as elevated temperatures, high humidity,
or contamination, where conventional lubricants
tend to degrade and become ineffective. This meth-
od facilitates dynamic adaptation to varying oper-
ating conditions through the selection of forced vi-
bration parameters. Moreover, it remains effective
under high loads and is relatively straightforward
to implement, even in existing systems.

Forced vibrations with low to medium fre-
quencies, up to 500 Hz, are increasingly utilized
in the drilling process for the oil mining industry
[22,23], particularly in horizontal drilling, where
elevated frictional resistances occur [9,10]. This
technology is distinguished by its environmental
friendliness, as it does not generate pollutants.
Additionally, initial attempts are being made
to employ high-frequency vibrations, including
ultrasonic ones, to eliminate brake [1,28] and
curve squeal [3].

The application of dynamic lubrication to
reduce frictional forces in sliding motion has
been extensively studied both theoretically and
experimentally, as reflected in numerous works
on tribology and contact mechanics [33,39-43].
However, the suppression of stick-slip frictional
vibrations, despite their significant impact on the
stability of motion in mechanical systems, is of-
ten addressed peripherally, with few studies fo-
cusing solely on this phenomenon. The earliest
mentions of the potential use of forced vibrations
to suppress stick-slip appeared in the 1950s and
1960s in the pioneering works of Bowden and
Tabor [44], Tolstoi [45,46], Lenkiewicz [47], and
Rabinowicz [17], which laid the theoretical and
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experimental foundations for further research
into the mechanisms and control of stick-slip.

Subsequent theoretical and experimental stud-
ies have demonstrated that the effective elimination
of the stick-slip phenomenon through dynamic
lubrication requires appropriate selection of ma-
terials for the contacting surfaces as well as the
optimization of forced vibrations parameters such
as their direction and velocity amplitude [38,48].
Most research focuses on normal vibrations,
perpendicular to the contact plane. For instance,
Abdo et al. [49,50], Abdo, and Zaier [51], as well
as Kroger et al. [32], employ external mechanical
vibrations generated by actuators, whereas Neu-
bauer et al. [52], Popp and Rudolph [53,54] and
Wang [55] utilize a variable normal force pressing
the contact surfaces. Although tangential vibra-
tions have received comparatively less attention,
notable studies in this area have been presented
by Popov et al. [56], Teidelt et al. [57], and by
the authors of the present work [40]. Recent stud-
ies by Luo [58,59] investigate the effectiveness
of tangential vibrations in the ultrasonic range for
eliminating stick-slip under various contact con-
ditions, such as dry [58], oil-lubricated [58], or
solid-lubricated contacts [59]. It has been shown
that for dry and solid-lubricated contacts, the ef-
fects are predictable, whereas in oil-lubricated
contacts, additional tangential vibrations can ex-
acerbate frictional vibration.

The paper presents the results of experimen-
tal studies on the effective reduction and com-
plete elimination of the stick-slip phenomenon
in sliding motion by introducing forced tangen-
tial vibrations with precisely defined parameters,
such as amplitude and frequency, into the contact
area of the friction pair. An original analytical
model is presented, enabling the simulation analy-
sis of the stick-slip phenomenon in sliding mo-
tion. The model facilitates the optimal selection
of forced vibration parameters, at which the stick-
slip phenomenon can be mitigating or completely
eliminated for a given friction pair. The verifica-
tion and validation of the model were conducted
for three friction pairs composed of such materi-
als as steel, cast iron, and Teflon, which exhibit
fundamentally different mechanical properties.
A very good agreement was obtained between
the results of experimental studies and model
analyses, confirming the accuracy of the adopted
computational algorithm in modeling the friction
phenomena occurring within the contact zone of
the friction pair during sliding motion.
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EXPERIMENTAL INVESTIGATIONS

Experimental investigations were conducted
using a test stand described in detail in the litera-
ture [48]. A view of the mechanical part of the ex-
perimental stand, together with a block diagram
of the measurement and data processing system,
is presented in Figure 1.

The core component of the test stand is a
sliding pair comprising the upper specimen 4 and
the lower specimen B. During the experiments,
the upper specimen is displaced relative to the
lower specimen at a prescribed velocity v, by
means of the drive system. The lower specimen
can be introduced to oscillate at any moment in
the direction parallel to the displacement axis of
the upper specimen by means of a piezoelectric
vibration exciter. The drive stiffness k, is adjusted
using mechanism £, which incorporates a spring
of specified stiffness.

The measurement system integrated into the
test stand facilitates continuous monitoring of the
drive force F, the acceleration of the upper speci-
men X and the lower specimen i, the displace-
ment of the upper specimen x, and the drive sys-
tem displacement s,. The drive force is measured
with a ring-type force sensor D with TF-3/120
strain gauges operating in a full-bridge configu-
ration. This force sensor was calibrated for a
load range of 0—50 N, with a measurement error
determined during calibration to be < 2% of the
measured value. The accelerations are measured
using miniature ICP-type M352C65 acceleration
sensors H from PCB, with a measurement range
of £50 g, an accuracy error of £1% at frequen-
cies of 100-1999 Hz, and +2.5% at frequencies
of 2-10 kHz. The displacements of the sliding
body x and of the drive system s, are measured
using WA/50 inductive displacement transducers
G from HBM, aligned parallel to the axis of mo-
tion, with a measurement range of 0—50 mm and
a linearity deviation of <+0.2%.

The experimental investigations were con-
ducted in two stages. First, the influence of the
material type of the mating sliding pair on the
possibility of stick-slip motion occurrence was
examined. The measurements were performed
for three friction pairs: C45 steel — C45 steel, C45
steel — GGG40 cast iron, and C45 steel — polytet-
rafluoroethylene PTFE, for two values of normal
pressure p, = 0.063 N/mm* and p_ = 0.104 N/mm?,
at a drive velocity of v, = 0.5 mm/s and a drive
stiffness of k, = 11.7 N/mm. Experimental tests
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Figure 1. Test stand: a) photograph of the mechanical part prepared for test,
b) block diagram of the measurement and data handling system

were carried out under normal room conditions,
at temperatures ranging from 22 °C to 26 °C and
humidity ranging from 48% to 60%. It was as-
sumed that the effect of temperature and humidity
variations within the specified range on measure-
ment accuracy is negligible.

The values of the R parameter of the contacting
surfaces of the tested sliding pairs, as well as the
values of the tangential contact stiffness coefficient
k, for these pairs at the specified normal pressures p,
are presented in Table 1. The k values for the select-
ed friction pairs were determined experimentally in
accordance with the procedures described in [43].

In the experiments, change in the driving force
F,, the displacement of the upper specimen x, and
the drive displacement s, were recorded. Figure
2 presents a photograph of the sliding pairs pre-
pared for experimental testing, along with repre-
sentative time courses of the measured quantities
(F, x and s ) at a normal pressure of p = 0.063
N/mm? , when the motion of the upper specimen
occurred solely with the lower specimen immobi-
lized, i.e. without induced vibrations of the lower
specimen. For the C45 steel — polytetrafluoroeth-
ylene (PTFE) sliding pair, which exhibited the
lowest contact stiffness, no stick-slip behavior
was observed at any applied normal pressure. For
the other two sliding pairs, stick-slip motion oc-
curred at all tested values of p .

In the second stage, for the sliding pairs ex-
hibiting stick-slip motion, experimental investiga-
tions were performed to assess the potential for
partial or complete reduction of this phenomenon
by introducing into the contact zone forced tangen-
tial longitudinal vibrations with precisely defined
parameters, such as frequency f'and amplitude .
The experiments were performed with harmonic
excitation of the lower specimen at a prescribed
vibration velocity % = vg" cos(wt), where v =
u - is the amplitude of the vibration velocity and
w = 27f'is the angular frequency of the vibrations.
The parameters defined during the measurements
required to calculate v , were the frequency fand
the amplitude u, of forced vibrations.

At this stage of the research, in the first phase
of motion, for =0 — 8 s, the displacement of the
upper specimen was carried out with the lower
specimen fixed, whereas in the second phase, for ¢
=8 — 16 s under forced tangential longitudinal vi-
brations of the lower specimen. The experiments
were carried out for five different frequencies f
specifically 1, 2, 3, 4, and 5 kHz, with a constant
vibration amplitude of u = 0.02 um. For these
adopted values of f'and u , the vibration velocity
amplitude v_was 0.126, 0.251, 0.377, 0.503 and
0.628 mm/s respectively.

In Figures 3 and 4, exemplary waveforms are
presented for steel-steel pair under both adopted
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Table 1. Dependence of the tangential contact stiffness coefficient k, for the selected sliding pairs

on the normal pressure

Slidin R, F, IN/um]
pairg lower specimen/upper specimen p =0.063 p =0.104
[um/um] [IN/mm?] IN/mm?]
C45-C45 0.44/1.35 77.52 95.66
C45-GGG40 0.44/1.14 71.15 107.74
C45-PTFE 0.44/2.05 4.89 6.42
a) b) N
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Figure 2. Photographs of specimens prepared for testing and time courses of the driving force F,
displacements x and s, for tested pairs: a) steel-steel, b) steel-cast iron, ¢) steel-PTFE

values of normal pressure, within the time inter-
val t = 8-12 s, i.e., immediately after the intro-
duction of tangential vibrations into the contact
zone. In the first panels of these plots, the corre-
sponding responses without vibrations have also
been added, which makes it easier to evaluate the
influence of the vibration velocity amplitude on
stick-slip phenomenon.

The presented plots indicate that with in-
creasing frequency f of the forced vibrations of
the base and consequently with increasing vibra-
tion velocity amplitude v , the stick-slip motion
gradually diminished — the difference between
the maximum and minimum values of the driving
force F, decreases, and the duration of adhesion
between the upper and lower specimens shortens.

The presented waveforms also show that
further increasing the vibration frequency (up
to 5 kHz) resulted in a reduction of the driving
force required to maintain sliding motion in both
cases. This effect was expected, as according to
the results of model analyses and experimental
tests [40,60], the introduction of longitudinal
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tangential vibrations with a vibration velocity
amplitude v greater than the driving velocity v,
into the contact zone between the sliding body
and the base leads to a reduction in the friction
force in the contact surfaces.

ANALYTICAL MODEL AND ITS
EXPERIMENTAL VERIFICATION

The development of analytical and numerical
models to analyze the effectiveness of dynamic lu-
brication in the stick-slip phenomenon reduction or
its elimination in real sliding systems is essential
for enhancing the practical utility of this method
and enabling real-time control of such systems.

Accurate modeling of sliding motion dynamics,
incorporating the properties of contact interfaces,
the drive system, and externally induced vibra-
tions, ensures a strong correlation between nu-
merical and experimental results. This establishes
a robust foundation for comprehensive numerical
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Figure 3. Reduction of stick-slip with increasing frequencies of forced tangential vibrations
for a steel-steel contact at constant normal pressure p, = 0.063 N/mm?: a) driving force F,
b) displacements of the sliding body x and drive s ; v, = 0.5 mm/s, u, = 0.02 pm
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Figure 4. Reduction of stick-slip with increasing frequencies of forced tangential vibrations
for a steel-steel contact at constant normal pressure p = 0.104 N/mm?: a) driving force F,

b) displacements of the sliding body x and drive s ;

analyses across a wide range of system parameters.
The methodology for modeling the contact zone
of a friction pair and the fundamental mathemati-
cal relationships employed in the developed nu-
merical model for analyzing the stick-slip phe-
nomenon in sliding motion, as well as its partial
reduction or complete elimination through longi-
tudinal tangential vibrations, are presented in the
form of a block diagram in Figure 5.

v,=0.5 mm/s, u = 0.02 um

In part (a) of this figure, the model used for
calculation, consisting of an upper body shifted
over an oscillating base, along with the method
for modeling the contact zone, is shown. In part
(b) od this figure, the developed computational
algorithm for determining the driving force F,
the friction force F', as well as the displacement
x, velocity x and acceleration X of the shifted
body is presented.
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The dynamic properties of the drive system
are modeled using a spring-damper element with
stiffness £, and damping /. The friction force is
calculated using the dynamic LuGre model [13],
which describes it as a function of the elastic
deformation s in the contact zone, the rate s of
change of this deformation, and the relative ve-
locity v, between the contacting bodies. This ap-
proach facilitates effective modeling of the be-
havior of real contact areas under constant sur-
face pressure and a varying tangential force.

The actual contact is established through
the interlocking of surface roughness asperi-
ties, which are randomly arranged. Dynamic
friction models, such as the LuGre model, rep-
resent these random asperity interactions using
bristle spring-damping elements (Figure 5a).
The LuGre model’s selection for numerical analy-
sis of stick-slip vibrations and their modulation
by forced vibrations was presented in the authors’

previous work [37]. Consequently, the frictional
contact properties are described by coefficients
k, and h, representing tangential stiffness and
damping, respectively. These coefficients are de-
termined empirically and are dependent on mul-
tiple factors, including contact temperature, the
kind of materials, roughness of the interacting
surfaces and the magnitude of normal pressures.
The methodology enables modeling of pre-
sliding displacement, which involves micro-scale
motion occurring before the onset of macroscopic
sliding. The resistance due to this initial micro-
displacement corresponds to the static friction.
To model stick-slip phenomenon, the function
g(v), which defines the friction force in steady-
state conditions, must account for the Stribeck
effect. This effect is characterized by a rapid de-
crease in friction force during the transition from
rest to macroscopic sliding motion, which is the
primary cause of friction-induced vibrations.

Block I - Integration of

a ) .
) iy e
drive S ky
x5 & | ey P X, %, ¥ m[:Fd
k| RS St fx
om d hy N <
F Sliding body d
/i hy E> I:> lk contact
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o o o et o e o o e e Jew e u, u, U u. . i
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X
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a
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c) F,— friction force, F, — driving force, F, — Coulomb friction force, F — static friction force,

k, — tangential contact stiffness coefficient, /, — contact damping coefficient, /4, — viscous damping coefficient,
v, — drive velocity, v, — vibration velocity amplitude, v, — Stribeck velocity, v, — relative velocity, 7 — time,
s — tangential elastic contact deformation, s, — drive displacement, m — mass of the sliding body, ® — angular velocity,
x, X, ¥ — displacement, velocity and acceleration of the sliding body, { — critical damping coefficient,
u, 1,1 — displacement, velocity and acceleration of the vibrating base, u, — vibration amplitude

A

Figure 5. Block diagram of the analytical model: a) friction pair, modelling contact zone and drive,
b) algorithm for computing drive F, and friction /* , forces with the dynamic LuGre model, ¢) notation
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Incorporating the rate of change of elastic bristle
deformations in the /s term of the friction force
equation captures the frictional lag phenomenon,
distinguished by hysteresis in the friction force
during velocity increase and decrease. The & - v,
term in this equation describes the viscous com-
ponent of the friction force, which increases with
the relative sliding velocity and is particularly
significant for lubricated contacts.

The numerical model implemented in Matlab
Simulink was calibrated to the real sliding system
of the experimental test rig. Numerical studies
were performed with the drive velocity v, nor-
mal pressures p , and tangential contact stiffness
k, consistent with those used in the experimental
tests. Based on the measured value of the contact
stiffness (Table 1), the 4, contact damping coef-
ficient in the tangential direction was determined,
assuming a critical damping coefficient of { =1

[15]. Given that all investigated contacts are dry
connections, the viscous damping coefficient 4,
was set to zero. Based on the friction characte-
ristics derived from preliminary experiments on
the measurement set up, the friction coefficient u
and maximum static friction force F, were deter-
mined. The value of the Stribeck velocity v, was
adopted based on data from the literature [15].
The values of the parameters for the LuGre fric-
tion model incorporated into the numerical model
are compiled in Table 2.
Sample comparisons of experimentally mea-
sured and numerically determined time courses
of F, x, and s, under a contact pressure p =
0.063 N/mm? and forced vibration frequencies of
f=1000 Hz and f=3000 Hz for steel-steel and steel-
cast iron contact interfaces are presented in Figures
6 and 7. Excellent agreement was achieved for
both the time courses of the drive force /7, and the

Table 2. Simulation parameters and value in the LuGre model

Value
Parameters Symbols C45-C45 C45-C45 C45-GGG40 C45-GGG40 Unit
p,=0.063 p,=0.104 p,=0.063 p,=0.104
[N/mm?] [N/mm?] [N/mm?] [N/mm?]
Mass of upper specimen m 1.5 1.5 1.5 1.5 [kal
Friction coefficient u 0.193 0.193 0.176 0.176 [-]
Drive stiffness coefficient k, 11.7 11.7 1.7 11.7 [N/mm]
Drive damping coefficient h, 0 0 0 0 [Ns/m]
Drive velocity v, 0.5 0.5 0.5 0.5 [mm/s]
Contact stiffness coefficient K, 77.52 95.66 71.15 107.74 [N/m]
Contact damping coefficient h, 2.15%x104 2.39%x104 2.07x10* 2.54x104 [Ns/m]
Viscous damping coefficient h, 0 0 0 0 [Ns/m]
Coulomb friction force F, 14.49 23.94 13.23 21.86 [N]
Static friction force F, 17.38 29.92 15.88 26.67 [N]
Stribeck velocity v, 0.0005 0.0005 0.0005 0.0005 [m/s]
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Figure 6. Comparison of experimental and simulated time courses of drive force /7, and displacements x and s ,
for the steel-steel pair: a) /= 1000 Hz, v, = 0.126 mm/s, b) /= 3000 Hz, v, = 0.377 mm/s; p = 0.063 N/mm’,
v,=0.5 mm/s, u, = 0.02 pm
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Figure 9. The variation of the maximum F, and minimum F, = driving forces as a function of frequency,
determined experimentally and numerically for the steel-cast iron pair: a) p, = 0.063 N/mm?,
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stepwise displacement x of the sliding specimen.
These results confirm that the model accurately
captures stick-slip vibrations and associated fric-
tional behavior, while effectively predicting the
influence of forced longitudinal tangential vibra-
tions on the reduction of stick-slip displacement
amplitude.
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From a series of plots, such as those shown in
Figures 6 and 7, determined for various frequen-
cies of forced vibrations f'and illustrating the tem-
poral variations of the drive force F, over time
t, the maximum and minimum drive force values
were extracted for successive stick-slip vibration
periods within the time interval ¢ = 8—16. Based
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on the calculated average values for the maxi-
mum and minimum magnitudes of this force,
composite plots were generated to illustrate the
dependence of variations in the driving force F,
as a function of frequency f.

Figure 8 illustrates these dependencies for
steel-steel interface under both assumed normal
pressure values, whereas Figure 9 presents the
corresponding results for the steel-cast iron in-
terface. The presented plots indicate that for the
investigated sliding pairs, as the frequency of
forced vibration increases, the amplitude of the
driving force variations gradually diminishes,
reaching complete suppression at frequency of f
= 4 kHz, where the vibration velocity amplitude
v, equals to the driving velocity v,. Simulation
tests also indicate the phenomenon of decreasing
the drive force required to maintain sliding mo-
tion with further increasing frequency of forced
vibrations, as demonstrated in the presented plots
during the phase of uniform motion.

CONCLUSIONS

The conducted experimental investigations and
simulation analysis have demonstrated that the in-
fluence of forced longitudinal tangential vibrations
of the base, along which sliding motion is realized,
on the stick-slip phenomenon is highly complex.
These vibrations can lead to a reduction or even
a complete elimination of this phenomenon. The
degree of this reduction depends on the amplitude
of the vibration velocity v, relative to the drive ve-
locity v,. In the range where v, <v, only partial
reduction of the stick-slip motion occurs. The in-
tensity of this reduction increases with the rise in
the value of v, which, in the presented studies,
resulted from an increase in the frequency f of the
forced vibrations while maintaining a constant am-
plitude u . Complete elimination occurs when the
amplitude of the vibration velocity is at least equal
to or greater than the drive velocity.

The excellent agreement between the results
of experimental tests and numerical calculations
indicates that the developed analytical model
and numerical computational procedures enable
not only an accurate reproduction of the stick-
slip phenomenon of the sliding motion of the
tested friction pairs but also the phenomenon of
its partial reduction or complete elimination un-
der the influence of high-frequency forced longi-
tudinal tangential vibrations introduced into the

contact area. Therefore, the developed model
can be successfully employed for simulation
tests of the risk of stick-slip motion occurring in
a dynamic systems and for numerical analyses
to determine the conditions that the system must
meet to avoid such motion.

However, it must be noted that the developed
model requires more extensive verification and vali-
dation with different friction pair materials, varying
surface pressures, and different microgeometries
of the contacting surfaces of the friction pairs.
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