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In this presentation, we will discuss a real mechatronic system consisting of coupled inertia oscillations affected by 

relatively high-frequency structural vibrations.

We will provide a mathematical description of this system.

We will explain the numerical method for creating a spectrogram of real vibrations.

To simulate the presence of a real excitation mechanism in structural vibrations, a vibration exciter in the form of an 

imbalanced rotor is integrated into the model system.

Since this type of unavoidable excitation can be observed in the operation of any real machine, it is important to note that 

even small amplitude and fast forcing can significantly impact the frictional response of the observed creep-slip motion.
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In the design, a structural vibration analysis is often conducted on specific areas of the machine. The discussed problems 

related to dynamics are frequently caused by dry and viscous friction, as well as rotating imbalances occurring in driving 

and braking systems, stabilizing platforms, miscellaneous turbine and pump solutions, and others.

The common factor among these different types of vibration is that the structure exhibits repetitive dynamical behavior, 

which impacts its physical properties, positioning accuracy, and more.
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Experimenting on the laboratory test stand
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Spectrogram – no high-frequency forcing of the soft pendulum
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Spectrogram – with high-frequency forcing of the soft pendulum
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Spectral plots – no/with high-frequency forcing of the soft pendulum
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Spectrogram – no high-frequency forcing of the soft pendulum
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Spectrogram – with high-frequency forcing of the soft pendulum
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Spectrogram – no high-frequency forcing of the soft pendulum
(slowly decreasing base velocity)
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Spectrogram – with high-frequency forcing of the soft pendulum
(slowly decreasing base velocity)
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Spectrogram – no high-frequency forcing of the soft pendulum
at slowly decreasing base velocity
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Spectrogram – with high-frequency forcing of the soft pendulum
at slowly decreasing base velocity

12. March, 2024, 12:00, Room 2M334



37

Spectrogram – no high-frequency forcing of the self-excited oscillator
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Spectrogram – with high-frequency forcing of the self-excited oscillator
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Spectrogram – no high-frequency forcing of the self-excited oscillator
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Spectrogram – with high-frequency forcing of the self-excited oscillator
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Spectrogram – no high-frequency forcing of the self-excited oscillator
at slowly decreasing base velocity
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Spectrogram – with high-frequency forcing of the self-excited oscillator
at slowly decreasing base velocity
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Spectrogram – no high-frequency forcing of the self-excited oscillator
at slowly decreasing base velocity
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Spectrogram – with high-frequency forcing of the self-excited oscillator
at slowly decreasing base velocity
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The pendulum's solid body, while not directly influenced by the motors attached to the structure of the sliding block on 

the movable base, effectively captures these vibrations and serves as a means for their detection. This phenomenon was 

clearly observed in the spectrograms presented.

The impact of time-varying excitation on the dynamics of a 2-DoF mechanical system was investigated. Both models 

studied exhibit similar behavior and comparable changes in their dynamical characteristics. However, the influence of 

excitation frequency of the structure is clearly observable. The higher frequency modes generated by the motors, which 

induce structural vibrations, significantly affect the dynamics of the driven system.

Finally, experimental observations demonstrate that the nature of real mechanical contacts, experiencing sliding or creep-

slip friction, undergoes changes when actual driving units are integrated into the machines. Including such a phenomenon 

in numerical modeling is very challenging to achieve. However, by making certain assumptions, it may be possible to 

incorporate other sources of high-frequency vibrations and introduce noisy, non-smooth signals of external excitation.

THANK YOU!

Conclusions
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