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Abstract: In the presented work, we proposed a methodology of controlling the resonance 

energy exchange in mechanical systems by creating appropriate electromagnetic fields around 

the system’s structural subcomponents. It has been shown theoretically and confirmed exper-

imentally that properly guided magnetic fields can effectively change mechanical potentials in 

such a way that the energy flow between the oscillators takes the desired direction. In particu-

lar, a model of two weakly coupled pendulums subjected to an electromagnetic load using a 

specific set of descriptive functions was considered. The developed control strategies are 

based on the observation that, in the case of antiphase oscillation, the energy is moving from 

the pendulum, which is in the repelling magnetic field, to the oscillator not subjected to mag-

netic field. The advantage of the suggested control strategy is that the temporal rate of inputs 

is dictated by the speed of beating, which is relatively slow compared to the carrying oscilla-

tions. 
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1. Introduction  

Passive control of the energy flow between a recipient and a donor has been considered in both phys-

ics and engineering based on different physical principles [1-4]. In the presented work, we suggest to 

actively guide the direction of energy flow by generating appropriate magnetic fields around the 

interacting mechanical oscillators. In the present illustrating example, two pendulums are weakly 

coupled with torsion spring (see Fig. 1). One of the pendulums is endowed with a magnet which is 

placed above an electric coil. A specific electric current in a form of 

 2
( ) 0.001 0.1 1sin / 10.3i t t   was chosen to enhance passive transition of energy from one 

pendulum 1 to pendulum 2. System is described by equations (1) and (2).  
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2. Results and Discussion 

The sample results of direct simulations and comparison with experimental data are illustrated in Fig 

2.  The solution of numerical integration of eqs. (1)-(2) are represented by Fig. 2b. At this point, we 

make preliminary remarks on some effects already observed from simulations. In particular, frag-

ments (c), (d) of Fig. 2 show the response quite different compared to the response of a free system 

(b) under zero input currents. It is confirmed that in the case of free vibration, the total energy is 

gradually dissipating while its very small portion keeps moving from one pendulum to another in beat 

wise manner. In contrast, the gradually increasing currents eventually break the symmetry in such a 

way that the energy is almost completely transferred from the pendulum 1 with positive input current 

to the pendulum 2. The effect becomes most explicit in case of two magnets combining both attract-

ing and repelling properties. 

Fig. 2. Model (a), sample free motion (b), and the response on input current (c-d). 
 

3. Concluding Remarks  

Open-loop control strategy is suggested in this paper for guiding the energy flow between two inter-

acting oscillators by means of magnetic fields. Control strategy is based on the observation that, in the 

case of antiphase oscillation, the energy is moving from the oscillator, which is in the repelling mag-

netic field, to the oscillator not subjected to magnetic field.  
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