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VI. PIEZOELECTRIC ENERGY HARVESTER 
SYSTEM LEVEL ANALYSIS IN 
SIMPLORER 

The analysis is brought to ANSYS Simplorer is to enable 
the determination of the current and power generated by 
harvester. The electrical circuit is developed in ANSYS 
simplorer by first importing the electromechnical system 
from the Reduced Order Model (ROM) into sml (Simplorer 
Modeling Language) file, which enables the inputs and 
outputs of the models to be designed as a physical domain 

pins capable of functioning within the Simplorer 
environment. These pins are graphical connectors linking 
the electric circuit.  

The voltages generated in the modal analysis section were 
exported into a text file which was later imported as a time 
dependent data for the voltage source generated by the 
piezoceramics layers electrodes. The circuit constructed in 
Simplorer, contains two piezoelectric beam layers 
representing the bimorph configuration of the 
piezoceramics electrodes, is shown in Figure 8. 

 

Figure 8: Coupled electrical circuit for piezoelectric energy harvester in ANSYS Simplorer 

VII. DISCUSSION OF RESULTS 

In carrying this assessment, four categories would be dealt 
with their suitability for providing power wireless sensor. 
These include undamped airfoil excited under quasi-steady 
aerodynamic condition with series connection of 
piezoceramic layers, damped airfoil excited under unsteady 
state aerodynamic condition with series connection of 
piezoceramic layers, undamped airfoil excited under quasi-
steady state aerodynamic condition with parallel connection 
of piezoceramic layers, and damped airfoil excited under 
unsteady state aerodynamic condition with parallel 
connection piezoceramic layers.  

The maximum power outputs of the series connection and 
parallel connection cases are not identical due to the 
different aerodynamic condition of excitation of the base 

structure, but they correspond to different values of 
optimum load resistance. A maximum power output of 
468.30 𝑚𝑊 is delivered to a resistive load of 10 mΩ in the 
series connection case  with damped airfoil base and 
unsteady state base excitation, whereas a maximum power 
output of  15340 𝑚𝑊  is delivered to a resistive load of 
10 mΩ in the parallel connection case (see Table 1). The 
series connection case generates this power with a current 
amplitude of 383.40 mA  and a voltage amplitude of 
363.30 mV . In the parallel connection case, a different 
power output is obtained with a current amplitude of 
1592 mA and a voltage amplitude of 720.40 mV. From the 
analysis, parallel connection should be preferred for 
wireless sensor with large voltage supply requirement 
whereas series connection should be used for sensors with 
large current supply demands.  
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Table 1: Summary of piezo-aeroelastic energy harvester’s design specification for wireless sensors application 

Mode 
(r) 

Voltage 

ሾ𝒎𝑽ሿ 

Current 
ሾ𝒎𝑨ሿ 

Deflection 
ሾ𝒎𝒎ሿ 

Power 

ሾ𝒎𝑾ሿ 

Connection  Airfoil 
Design 

 Condition 

3,1 136.20 3.83 0.0754 246.00 Series Undamped Quasi-steady 

3 363.30 383.40 0.0822 468.30 Series Damped Unsteady 

3 270.10 5.78 0.0414 5751.00 Parallel Undamped Quasi-steady 

3 720.40 1592.00 0.1105 15340.00 Parallel Damped Unsteady 

 

 

VIII. Application of Piezo-aeroelastic Energy 
Harvester to Wireless Sensor Network. 

In this section, a samples of hand-picked wireless sensors 
were chosen and tabulated in Table 2, specifying their 
manufacturers, power consumption, supply voltage and 

current requirement. The application of this piezo-
aeroelastic energy harvester is not limited to the wireless 
sensors listed in the table below, one can explore other 
manufacturers and products and see how effective the 
design in this research can be.  

 

Table 2: Wireless sensors specifications (https://www.microstrain.com/wireless/g-link)  

Manufacturer/ 

Model 

Type Power ሾ𝒎𝑾ሿ Voltage ሾ𝑽ሿ Current ሾ𝒎𝑨ሿ 

Monnit Temperature 15 3.0 0.38 

Monnit Distance 1800 3.8 1.0 

Honeywell/ 7939WG Contact  150 3.0 300 

Lord Microstrain/ LXRS Acceleration 39 3.7 220 

 

 

IX. CONCLUSION 

The piezo-aeroelastic energy harvester designed with 
damped airfoil, parallel piezoceramic layers connection and 
system excitation at unsteady state aerodynamic, is capable 
of generating 15340 𝑚𝑊  of power at bimorph beam 
resonance frequency of 854.80 Hz . The distributed-
parameter electromechanical formulation is based on the 
Euler- Bernoulli beam theory and it is valid for thin piezo-
aeroelastic energy harvester for the typical vibration modes 
of interest. The research had demonstrated that the piezo-
aeroelastic energy harvester developed is well suited for 
deployment in very low wind speed areas. The system is 
also characterized with low short-circuit and open-circuit 
load resistances of 1 𝜇Ω  and 10 𝑚Ω  at the same short-
circuit and open-circuit resonance frequencies of 95.44 Hz 
for mode one and 854.80 Hz for mode three respectively. It 
is also shown that unlike other conventional energy 
harvester, the piezo-aeroelastic energy harvester in this 
research is capable of supplying power to most wireless 
sensors node and MEMS devices. It would be an amazing 
breakthrough, once the models and design is validated 
experimentally.   
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