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Figure 6. Schematic of piezoelectric windmill (left), variation of power with respect to frequency 
and load (right) [19]. 

 

Li et.al (2009) proposed two innovative designs to harvest more energy which 

mainly comprises of a polarized PVDF stalk, a plastic hinge and polymer leaf [21]. The 

research considered the power of volatile wind strength and designed a horizontal PVDF 

stalk of which one edge is clamped to the bluff body (leaf) and the other edge was kept 

free. When this design comes in contact with the wind, it leads to aero-elastic instability 

and the fluctuating pressure causes vortices that are shed perpendicular to motion, thus 

creating vibrations. These vibrations seem as though a leaf of a tree is moving through 

the bending force and moment of PVDF stalk. As the horizontal design allows only one 

mode of vibration, the research group decided to change the orientation to a vertical-stalk 

L-type. In this vertical orientation the PVDF stalk twists as well as bends generating 

more charge across the polymer surface. 
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On the other side, rotary types of piezoelectric wind generators are developed. Priya et. all (2005) designed a 
piezoelectric windmill with ten piezoelectric bimorphs in the cantilever form, wind rotates the fan and generated 
torque moves windmill, so transducers oscillate between stoppers (Fig.5) [10]. At 10 mph speed, power of 7.5 
mW had been obtained across optimum load 6.7 kΩ. They proofed that maximum power can be obtained at 
optimum load which is given at Eq.2. In another experiment of Priya et. all (2005), observations showed that 
output is proportional to pre-stress level [11]. Also, as number of bimorph is increasing, obtained output voltage 
is also increasing while matching load decreases.  

  

Figure 5. Schematic of piezoelectric windmill (left), variation of power with respect to frequency and load 
(right) [10]. 
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Results of Yoo et. all (1997) showed that resonance frequency has increased with the decrease of vibrating plate 
length [14]. So by the arrangement of the length of the plate, resonance frequency can be obtained. Deflection 
increases with the increase of length of piezo-ceramics and decrease of plate length. Phosphor copper shows 
good elastic property, high young’s moduli and density.  

Chen et. all (2007), studied the electrical power generated out of AC type wind input and simulated the vertical 
type wind generator outputs under residue wind flow [9]. They put the lower electrodes on copper with a 
piezoelectric density of 7600!!"!!!. For characteristic area of 0.006!!! and in wind speed of 14!!!/!, 
efficiency is around 60% with the resulted output 6.96!! and since 90% is mechanical loss, 0.464! could be 
delivered to vertical type generator. While simulations showed 10!!"output power, overall efficiency of 
piezoelectric generator can be calculated as 0.003%. 

In the work done by Bryant et. all (2011), two degrees of freedom is utilized by deflection of beam and a 
rotation of a flap about the bearing joint which allows a modal flutter response and so on energy harvesting [4]. 
Experiments showed that above the flutter boundary, limit cycle oscillations are occurring which allows system 
to reach steady state for particular air conditions. Level of energy harvested varies according to the amplitude 
and frequency of the limit cycles and it also depends on the initial condition. The main contribution of this work 
is maximum energy can be reached when the flap and beam are deflecting with 90 degrees phase difference. 

 

Figure 6. Two degrees of freedom beam type wind generator [4]. 

De Marqui et. all (2010), since there is a cancelation of electrical output in the coupled bending-torsion 
aeroelastic mode of a cantilevered piezoelectric wing generator in the continuous mode of electrodes, they 
proposed usage of segmented electrode [20]. This allows harvesting energy in the high frequencies where 
torsion modes are observed on the wing. Larger mechanical amplitudes means more energy harnessing can be 
observed at low damping which can be seen at flutter speed. While shunt damping effect of power generation 
can cause the decaying power generation can be obtained at optimum load resistance in continuous electrode 
case, in any load shunt damping effect can be observed in the segmented electrode case. 


