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Nonlinear Energy Harvesting 
 

Is it possible to efficiently harvest ambient vibrational energy in order to power 
new conception electronic micro and nanodevices? 

According to a research just published in Physical Review Letters (Nonlinear 
Energy Harvesting, F. Cottone; H. Vocca; L. Gammaitoni, Phys. Rev. Lett. 102, 
080601 (2009)) a new technique based on the exploitation of nonlinear oscillators opens 
up a new scenario in energy harvesting. 
 

Ambient energy harvesting has been in recent years the recurring object of a 
number of research efforts aimed at providing an autonomous solution to the powering of 
small-scale electronic mobile devices. Among the different solutions, vibration energy 
harvesting has played a major role due to the almost universal presence of mechanical 
vibrations.  

In a recent research conducted at the Noise in Physical Systems (N.i.P.S) 
Laboratory at the Physics Department of the University of Perugia (Italy) L. 
Gammaitoni and his co-workers developed a new method based on the exploitation of the 
dynamical features of stochastic nonlinear oscillators. They have shown that such a 
method can outperform standard linear oscillators and overcomes some of the most 
severe limitations of existing approaches.  
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The work published on the current issue of Phys. Rev. Lett. focuses on nonlinear 
piezoelectric oscillators that can harvest vibrational energy from ambient. For the sake of 
demonstration the researchers realized a toy-model oscillator made by a piezoelectric 
inverted pendulum (Fig. 1) where on top of the pendulum mass it has been added a small 
magnet. The effect of ground vibration force is reproduced by applying a properly 
designed magnetic excitation on two small magnets attached near the base of the 
pendulum. Under the action of the excitation the pendulum oscillates, alternatively 
bending the piezoelectric beam and thus generating a measurable voltage signal. The 
dynamics of the inverted pendulum tip can be controlled with the introduction of an 
external magnet conveniently placed at a certain distance and with polarities opposed to 
those of the tip magnet. As a result, the inverted pendulum dynamics can show two 
different types of behaviours as a function of the distance of the tip magnet. Specifically, 
when the external magnet is far away, the inverted pendulum behaves like a linear 
oscillator whose dynamics is resonant with a resonance frequency determined by the 
system parameters. This situation accounts well for the usual operating condition of 
traditional piezoelectric vibration-to-electric energy converters. On the other hand, when 
the distance is small enough two new equilibrium positions appear. The random vibration 
makes the pendulum swing in a more complex way with small oscillations around each of 
the two equilibrium positions and large excursions from one to the other. 

 
Fig.2 

In fig. 2 the authors computed the power dissipated in a purely resistive load, by 
measuring the voltage drop V over a resistive load, under the influence of a random 
vibration with Gaussian distribution and exponential autocorrelation function. The 
average electrical power is plotted as a function of the magnet distance, for three different 
values of the noise standard deviation. In all the cases the power increases rapidly from 
the linear case (large magnet distance) up to a maximum value and then decreases when 
the magnets become closer and closer. Specifically three different regimes can be 
identified: 

  



1) Large magnet distance. The pendulum dynamics is characterized by quasi-linear 
oscillations around the single minimum located at zero displacement, in correspondence 
with the vertical position of the pendulum. This condition accounts for the usual 
performances of a linear piezoelectric generator.  

 2) Small magnet distance. The potential energy is bistable with a very pronounced 
barrier between the two wells. In this condition and for a given amount of noise, the 
pendulm swing is almost exclusively confined within one well and the dynamics is 
characterized once again by quasi-linear oscillations around the minimum of the 
confining well.  

3) In between of the two previous cases, there is a range of distances where the 
power reaches a maximum value. In this condition the pendulum dynamics is highly 
nonlinear and the swing reaches its largest amplitude with noise assisted jumps between 
the two wells. As it is well evident in fig. 2, the maximum values of the output power 
exceed by a factor that ranges between 4 and 6 the value obtainable when the magnet is 
far away. This indicates a potential gain for power harvesting between 400% and 600% 
compared to the standard linear oscillators.  

The authors note that the dynamical features discussed here are not limited to the 
sole piezoelectric energy conversion but can be applied also to other principles, e.g. 
capacitive and inductive. They can be applied also to micro and nanomechanical 
resonators. 

The new technology based on the exploitation of such nonlinear oscillators has 
been patented under the name of “wisepower technology”. 

 

External link: 

web site of the N.i.P.S Laboratory: www.nipslab.org 

Digital version of the figures available at: www.nipslab.org “for media”. 

 

 
 
 


