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ABSTRACT 
As the power requirements for microelectronics continue decreasing, environmental energy 

sources can begin to replace batteries in certain wearable subsystems. Sustaining the power 

resource for autonomous wireless and portable electronic devices is an important issue. In 

this spirit, this paper examines a device that can be built into a shoe, (where excess energy is 

radially harvested) and used for generating electrical power “parasitically” while walking. 

Piezoelectric polymers hold promise as energy harvesting materials due to their flexibility 

and strength which make them ideal candidates for use in more diverse applications. 

This paper presents a complete system simulation of piezoelectric energy harvesting shoe. 

The components are described that allows the electrical and mechanical models of the 

system. The simulations presented here give a detailed description of the performance of the 

piezoelectric ceramic. The results obtained with the simulation model implemented allow 

showing how design choices of the system change the periodicity of the transmission and the 

ability to recharge the battery. 

Keywords — piezoelectric polymers, simulation of piezoelectric, periodicity of transmission. 
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I. INTRODUCTION 

Energy has been essential in building up modern society. It is required everywhere from the 

household light bulb to a mission to Mars. Some energy can be seen, light for example, but 

most does not have a visible form. Energy is defined in several ways, such as mechanical, 

electrical, and chemical. All of these definitions are based on where the energy is stored. 
Piezoelectricity from the Greek word "piezo" means pressure electricity. It is the property of 

certain crystalline substances to generate electrical charges on the application of mechanical 

stress. Conversely, if the crystal is placed in an electric field, it will experience a mechanical 

strain. Such materials are useful as transducer elements for transducing electrical energy into 

mechanical energy and vice versa. When an AC voltage is applied, it will cause it to vibrate 

and thus generate mechanical waves at the same frequency of the input AC field. Similarly, it 

would sense the input mechanical vibrations and produce the proportional charge at the 

matching frequency of the mechanical input. 

 

 

Fig.1.Schematic Direct Piezoelectric Phenomenon 

 

 

Fig.2.Schematic Inverse Piezoelectric Phenomenon 
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II. SIMULATION OF PIEZOELECTRIC 

 

Fig.3.Overall Energy-Harvesting Model. 

Basic Circuit for Simulation 

 

Fig.4.Basic Simulation Model 

Description of Circuit Design and Simulation Circuit 

The circuit shown in Figure 4 was designed has four phases to represent the overall energy- 

harvesting circuit modules. The first module (piezo stack) is a mechanical-to- electrical 
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energy conversion module and produces AC power. The second module has rectification (the 

conversion of AC voltage to DC voltage) unit consist of full bridge rectifier and third unit is 

an energy-storage unit (intermediate capacitor). The fourth stage is a rechargeable battery that 

senses the voltage level of the intermediate capacitor and transfers it to the battery charging 

circuit. 

For the purpose of energy harvesting and storage, shoe or sneaker insoles are good sources of 

mechanical stress, deformation, and vibration when a person is walking or moving his/her 

feet. With this method, waste-ambient mechanical energy was converted to electrical voltage 

through a unique energy-harvesting circuit. An overall energy-harvesting model is shown in 

the circuit below to explain implementation steps and potential applications. In order to have 

the best efficiency and output power, the circuit was designed and developed according to the 

ambient-source, characteristics, PZT ceramic- fiber composite and load constraints. The 

energy- harvesting system is capable of capturing even minute amounts of stress and 

vibrations, then converting them to electric power sufficient to run low-power electronic 

systems. 

III. RESULTS OF SIMULATION 

(a) while a 100 kg man running at a speed of 3 m/s: 

 

Fig.5.Voltage Produced by Piezo-stack. 
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Fig.6.Rectified Voltage Output 

Output of 1.2 V Li-ion Battery 

 

 

Fig.7.State of Charge 

 

 

Fig.8.Voltage Output 
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Fig.9.Current Output 

(b) while a 100 kg man running at a speed of 6 m/s: 

   

Fig.10.Voltage Produced by Piezo-stack. 

 

 

Fig.11. Rectified Voltage Output 
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Fig.12.State of Charge 

 

 

 

Fig.13.Voltage Output 
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Fig.14.Current Output 

(c) while a 60 kg man running at a speed of 3m/s: 

 

Fig.15.State of Charge 

(d) while a 60 kg man running at a speed of 6m/s: 

 

Fig.15.State of Charge 

 

IV. CONCLUSION 

On increasing weight and speed, the percentage state of charge  increases as shown in Table 

1. 

 Table1. Variation in State of Charge(%age)  with speed and weight. 

speed/weight 100kg 60kg 

3 m/s 0.02372 0.01908 

6 m/s 0.03743 0.02803 
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In order for these devices to be useful, several criterions must be met. First, they must 

generate enough power. For most of the applications discussed so far, the requisite 1-5 mW 

of power is already being produced in our simulation. Till now we have studied various 

parameters of piezoelectric and done simulation using these parameters. Further we have 

simulated simple charging of the Li-ion battery and obtained various plots. 
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