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Abstract. In the work, an underactuated dynamical system (a movable inverted pendulum) has been studied.
The main goal of the investigation (detection of the value of its eigenfrequency) has been achieved by providing
an analysis of the graphical dependencies of inverted pendulum movement. They have been recorded during
control procedure of the movable inverted pendulum. A detailed explanation of the procedure is given in the work.
Obtained results may be used for the development of a mathematical model of the dynamical system.
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The inverted pendulum is a well-known dynamical underactuated system [1], which might be
described with nonlinear differential equations. Investigation of its dynamics allows to synthesize new
approaches and method in control theory, particularly, for nonlinear systems. It, in turn, leads to practical
outcomes — new algorithms of control electromechanical systems (quadrotors and other UAVS, self-
balancing hoverboard scooters, mobile robots, hoisting machines, etc.).

One of the problems that appear during an investigation of movable inverted pendulum control is
connected with determination of its parameters (masses, moments of inertia, coefficients of stiffness of
the elements, geometrical parameters, etc.). Their values influence the character of the system
movement. Little variations in lengths, masses, and their positions may greatly affect the deviation of
the system movement from the desired law of motion. Thus, there is a need to detect the parameters of
the dynamical system as they are, in a direct manner.

One of the possible approaches in this direction is connected with determination of eigenfrequency
(natural frequency) of the system oscillations. This value is an important, as it causes the pattern the
system oscillates. It includes a few parameters (mass, stiffness, length of the rod, etc.). Knowing the
eigenfrequency and some parameters brings the opportunity of determinate other ones. In the current
investigation, we have studied_trzdynalmics of the movable inverted &egdulum (fig. 1).

T

Fig. 1. Overall view of the movable inverted pendulum (the lab installation): a) the cart and the rod;
b) electric motor and microcontroller

In order to detect the eigenfrequency of the system the cart, which carries the pivot, has been moved
along the guide bars. This movement ,,pumps” an energy to the oscillation system and the rod oscillates.
The angle of the rod deviation and the cart position were being recorded (fig. 2).
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Fig. 2. Experimental data: a) the cart position; b) the angle of the rod deviation

Indicator ,,i” in fig. 2 shows the current number of the measurement. The duration of time between
neighbor measurement is 0.05 s. From fig. 2 we may directly find the period of oscillations. It equals
T=1.2 s. Thus, the eigenfrequency is f=T'=0.83 Hz.

The main goal of the determination of the eigenfrequency is connected with the calculation of the
inertial features of the rod. In further studies, its value will give the complete mathematical model of the
movable inverted pendulum and will provide the opportunity to develop new control algorithms.
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BU3HAYEHHS BJACHOI YUACTOTH KOJIUBAHD
OBEPHEHOTI'O MASITHUKA 3 PYXOMOIO TOYKOIO
MIJIBICY

Anomayin. Y pobomi 0ocnioxcena mMaronpugooHa OUHAMIUHA cucmema (0OepHeHUl MAIMHUK 3 DYXOMOO
moukoro niogicy). OcHo8HA Mema 00CAIOHCeHHS (GUABNIEHHS 3HAYEHHS 61ACHOI YaCMOmMuU KOIUBaus cucmemu) oyia
00CACHYMA WIIAXOM AHANI3Y 2PAQIUHUX 3a0eACHOCTmeEl PYXY 0bepHeH020 masmuuka. Bonu Oynu 3agikcosani npu
BUKOHAHHI KEPYBAHHS PYXOM NEPEGEPHYMO20 MAAMHUKA. [lemanbHe NOSACHeHHs Npoyedypu HA8eOeHO y pobomi.
Ompumani pezyromamu MOd*CYyms Oymu GUKOPUCTNAHI Ol PO3POOKU MAMeMamuinoi mooeni OUHAMIYHOT
cucmemu.

Knrouosi cnosa: ounamiuna cucmema, Kepygamms, 61acHA 4acmoma, eKCnepumMeHmanvHi Oani.
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