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Focusing on the non-linear behavior in vibratory energy harvesting (VEH) systems more 

and more attention is paid to bi-stability phenomenon. Such systems are characterizing with 

double-well potential, in which the tested system can get stuck in one of two equilibrium 

points with small amplitude oscillations or oscillate with large amplitude going through the 

potential barrier. One of the main advantages of this type energy harvesters is the possibility 

of improvement of its performance by adjusting the operational frequency to desirable effect 

in form of operational frequency or output voltage/power [41]. Design of the proposed system 

can represent three types of operating modes, i.e. single-well (intra-well) mode, when the 

system has the tendency to stuck in one of wells, chaotic double-well (inter-well) mode or 

periodic double-well depending on excitation [46]. However the most effort is put on the third 

mode, where the system operate in periodic double-well mode and this is the most desirable 

behavior. 

Stanton et al. [47] in his research found the greatest strain profile nearest the equilibrium 

point obtaining the highest response. Masana et al. [48] showed the advantage of bi-stable EH 

system over mono-stable, super-harmonics resonances could activate the inter-well dynamics 

by even small amplitude of excitation resulting in higher voltage response. Cottone et al. 

[49,50] proposed the design of piezoelectric buckled bridge, in which the highest voltage 

response is in the equilibrium point during beam compression. In our previous works [51-55], 

the research focused on different type of excitations acting on the system with double-well 

potential both in mathematical and experimental approach. 

In many studies of vibration energy harvesting mathematical models, the Duffing 

oscillator is applied characterizing with double-well potential. Its equation of motion 

describes complex dynamics, but the cubic nonlinearity and properly selected perturbation 

coefficients bring advantage in form of hardening or softening response of the system 

resulting in wider range of operational frequencies. By the combination of piezoelectric 

coupling with Duffing oscillator equation of motion and addition of the Kirchhoff laws to the 

circuit with a resistive load we obtain electromechanical equations describing the dynamics of 

the system. 


