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ABSTRACT
This study introduces a new simple one degree-of-freedom (DOF) model involving time-delayed regenerative
effect in chip formation, Stribeck effect in frictional velocity, and process damping in tool's flank face, which
yields a better prediction of linear cutting stability in the low-velocity zone [1]. Further investigation shows that
a small coefficient of static friction and a large Stribeck velocity improve the cutting stability in low- and
intermediate-velocity zones, and large shear and rake angles always enhance the cutting stability [2]. Next
perturbation analysis on the cutting stability boundaries shows a co-existence of stationary cutting and chatter in
the linearly stable region. Comparing this analytical estimation with numerical simulations reveals the possibility
of underestimation of the UZs due to the large-amplitude frictional chatter. Global bifurcation analysis based on
numerical simulations yields various complex cutting dynamics including multiple stability, regenerative chatter
with loss of tool-workpiece contact and stick-slip frictional vibration. Finally, the cutting safety in the UZs is
estimated based on basin stability estimation, with the time-delayed initial conditions approximated by Fourier
series and Monte Carlo principle [3]. It is found that the large-amplitude frictional chatter hardly influences the
UZs from stochastic viewpoint, and a fine workpiece surface and a static tool can drive the cutting dynamic
towards orbits with lower vibration strength.
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Figure 1: Combining regeneration and friction yields a better
stability diagram compared with Eynian’s model [1]
Keywords: Time delay, Regenerative cutting, Friction, Process damping, Unsafe cutting
[1] Altintas, Y., Eynian, M. and Onozuka, H. 2008 Identification of dynamic cutting force coefficients and chatter
stability with process damping. CIRP Annals 57(1), 371-374.
[2] Yan, Y., Xu, J. and Wiercigroch, M. 2019 Modelling of regenerative and frictional cutting dynamics.
International Journal of Mechanical Sciences 156, 86–93.
[3] Yan, Y., Xu, J. and Wiercigroch, M. 2019 Estimation and improvement of cutting safety. Nonlinear Dynamics 98,
2975–2988.

International Conference on Engineering Vibrations
Aberdeen, Scotland, 14 – 16 December 2020

[1]
[2]
[3]

International Conference on Engineering Vibrations

Aberdeen, Scotland, 18 – 21 August 2020

SYNCHRONY IN FRICTIONAL OSCILLATORS
Danylo Pikunov and Andrzej Stefanski
Division of Dynamics, Lodz University of Technology, ul. Stefanowskiego 1/15 Lodz, Poland; steve@p.lodz.pl
ABSTRACT
The presented article is dedicated to the numerical investigations of dry friction processes. The problem
under consideration is a specific mapping of the system's attractor on the friction force characteristic – reflection
effect [1]. Such reflection is particularly evident when the motion of the system is irregular. Thus, it can be
concluded that the classical formula for friction 𝐹𝐹𝑇𝑇 = 𝑓𝑓(𝑣𝑣) is replaced by the relatio
(1)
𝐹𝐹𝑇𝑇 = Ψ(𝐱𝐱),
where 𝐱𝐱 is a state vector of the system.

The correlation given by Eq. (1) can be treated as a state of generalized synchrony between the friction force and
the oscillator’s response [2]. The generalized synchronization state is stable if so-called conditional Lyapunov
exponents (LEs) are negative. Hence, the spectrum of LEs which also takes into account the dynamic friction
model given by differential equations, can be an useful criterion to answer the question about the nature of the
correlation between the friction force and the oscillator’s response. A positive Lyapunov exponent related to
friction force may indicate a lack of such correlation. The existence of reflection effect in the case of LuGre and
the modified LuGre dynamic dry friction models by means of the LEs estimation method for non-smooth systems
[3] has been confirmed [4].
In this paper we are about to analyze the frictional oscillator model which accounts the normal degree of freedom
in friction. The mentioned model has been introduced basing on the idea published by Berger [15] which assumes
main oscillator and a number of microscopic bristles attached to it and deflecting in both the tangential and the
normal directions. The mathematical model of the studied dynamical system has been derived and then simulated
for different values of the control parameter. It has been revealed that the proposed frictional system tends to
show the reflection effect between the friction and the oscillator for certain values of the frictional surface
roughness wavelength. However, hyperchaotic behavior of the oscillator leads to the destabilization of the studied
synchronization effect in hyperchaotic regime, despite the observed phase correlation of the oscillator–slider
system. On the other hand, irregular jumps of friction force can be also observed in case of regular (quasi-periodic
and synchronous) vibrations of the oscillator, slider and normal pressure force (see Figs 3.4a-c). The phase
synchronization and quasi-periodicity can be seen more clearly from the long term time series. Therefore, the
answer for the question if the character of disorder between the friction force and response of the oscillator has a
deterministic nature is ambiguous.
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ABSTRACT

Modern automotive drivetrain concepts, driven by combustion engine or by hybrid concepts, necessitate the use
of clutches meeting novel demands. In order to reach required torque values, a desired shifting performance and
appropriate system cooling possibilities, plate clutch systems have proven to be a good solution. This technology
basically consists of plate carriers connected with engine side and gearbox side, where friction plates and
separator plates are hinged (Fig. 1). By normal contact of the plates and due to friction, the engine torque is
transmitted to the gearbox.
Because of production tolerances in surfaces as well as inhomogeneous material behavior, the transmitted sliding
torque of a clutch is usually non-uniform: A mean sliding torque is superimposed by vibrations at frequencies
being mainly rotational slip speed multiples. This phenomenon is called geometric judder. It is well-known and
understood from brakes and dry manual clutch systems [1-3] incorporating only one or two contact surfaces.
The high number of contacts (plate-plate contacts, plates-plate carrier contacts) with local deviations of contact
properties as well as non-linear properties of the tribological system make the character of judder measurements
random [4]. Influencing factors range from surface quality of single plates as well as relations between surfaces
within the friction package, local material properties, oil distribution, and initial configurations of mechanical
components.
In order to reach a better understanding in how to decrease judder intensity in production series of plate
clutches, a stochastic MBS model is set up. It includes plates in plate carriers, contact elements with non-flat
surface as well as a tooth contacts with backlash (Fig. 2). The goals are the reproduction of experimental judder
values in a statistical sense, the verification of known countermeasures, and above all, correlations between
quality parameters and judder values at different slip multiples. The situation that quality parameters (surface
quality, tilting misalignment, friction coefficient deviation, …) as well as initial configurations of plates in plate
carriers can’t be controlled or even measured is captured by the application of Monte-Carlo simulations. With the
help of this approach, correlations are found between parameters and judder values, the influences are quantified,
and finally countermeasures can be generated.

Figure 2: Model details: non-flat plate contacts and plate-plate
carrier contacts
Keywords: Geometric judder, friction induced vibrations, automotive transmission.
Figure 1: Design of a plate clutch
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ABSTRACT

Rotor-stator rubbing is one of the serious malfunctions that commonly occur in rotating machinery and mostly
causes severe damage. In this paper, the nonlinear dynamics of a rotor whirling within a snubber ring are explored
using numerical simulations considering full stiffness asymmetry of the snubber ring support. A two degrees of
freedom model is used to investigate rubbing interactions between the rotor and the snubber ring where a linear
elastic contact model is assumed. The static offset between the centers of the rotor and the snubber ring is also
included as given in [1, 2]. The dynamic behavior of a rubbing system is known to exhibit a strong non-linearity
due to switching between contact and non-contact modes [3]. Hence, the nonlinear rotor response is examined to
study the influence of the stator asymmetry using time waveforms, frequency spectra, rotor orbits and bifurcation
diagrams. Moreover, the effects of varying system parameters such as unbalance mass, rotational speed, damping
ratio and static eccentricity in presence of stator asymmetry are studied in detail. The rub response is shown to be
highly sensitive to changing system parameters. It is found that the stator asymmetry greatly affects the system
response causing significant changes even for small values of asymmetry. However, the effect of direct stiffness
asymmetry is more pronounced than the cross-coupling stiffness effect. Periodic, quasi-periodic and chaotic
responses are observed for the sets of parameters considered here. Also, regions of periodic response with coexisting
chaos are detected. The results show very rich dynamics such as period doubling, period halving and jump
bifurcations. The observed routes to chaos have been quasi-periodic and period doubling routes. The results
obtained contribute towards better understanding of the nonlinear phenomena associated with rotor-stator rubbing
and help exploring unique features of the rubbing fault which may be useful for diagnostic purposes.
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ABSTRACT

Journal bearings are used in many engineering applications in the industry such as pump rotors,
hydraulic turbocharger, crank shaft, etc. The modelling of the nonlinear dynamics and stability
of rotors mounted on journal bearings is very crucial. This involves solving the Reynolds
equation which governs the journal bearings at each time step which is time consuming.
Alternatively, the linear and nonlinear bearing coefficients can be obtained and very limited
work have been done in this area [1, 2]. Evaluating the bearing coefficients reduces the time
required for the dynamic analysis of such bearings. In the current work, time dependent second
order perturbation method is used to evaluate the journal bearings linear and nonlinear stiffness
and damping parameters [3]. In addition, the present analysis considers using the second order
approximation in obtaining the eccentricity and attitude angle perturbation. The linear and
nonlinear stiffness and damping parameters are obtained for different operating conditions and
for both grooved and ungrooved journal bearing. The results are compared with the published
results and the results are found to be very close to the published ones. The journal bearing
results are used to evaluate the response of rigid Jeffcott rotor using both nonlinear analysis and
the analysis based on bearing coefficient. The stability analysis is used to obtain the critical
speed and the hopf bifurcation theory is used to determine the stability of the limit cycle [4].
Keywords: Journal bearing, nonlinear stiffness and damping coefficient, nonlinear dynamics, stability
analysis, limit cycles.
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