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Abstract— Smart materials are one among those unique 

materials, which can change its shape or size simply by 

adding a little bit of heat, or can change from a liquid to a 

solid almost instantly when near a magnet. Piezoelectric 

materials have the ability to provide desired transformation 

from mechanical to electrical energy and vice versa. 
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I. INTRODUCTION 

Nature is full of magic materials, which are to be discovered 

in forms suitable to our needs. Such magical materials, also 

known as intelligent or smart materials, can sense, process, 

stimulate and actuate a response. Smart materials have one or 

more properties, which can be dramatically altered. Most 

everyday materials have physical properties, which cannot be 

significantly altered; for example if oil is heated it will 

become a little thinner, whereas a smart material with 

variable viscosity may turn from a fluid which flows easily to 

a solid. A variety of smart materials already exists, and is 

being researched extensively. Some everyday items are 

already incorporating smart materials and the number of 

application for them is growing steadily. 

Piezoelectric materials are among these ‘invisible’ 

materials that are widespread around us, although they are 

unknown to the public at large. Mobile phones, automotive 

electronics, medical technology, and industrial systems are 

only a few areas where piezoelectric components are 

indispensable. Echoes to capture the image of an unborn baby 

in a womb make use piezoelectricity. Even in parking sensor 

at the back of our car, piezoelectric material is present. 

II. EXPERIMENTATION 

Sodano H. A. and D. J. Inman, [1] the excitation of the 

piezoelectric devices was accomplished by mounting the 

clamped end of each to the shaker, thus exciting the system 

using base motion as shown in Figure 1. Using this setup, the 

efficiency of each piezoelectric device was measured with a 

Polytec laser vibrometer that determined the displacement of 

the clamped boundary condition and a PCB force transducer 

was used to measure the applied force. These two pieces of 

information allowed the power into the system to be 

determined, while the power output from the system was 

found by measuring the voltage drop across a load resistor 

that was matched to the impedance of each particular 

piezoelectric at its first resonant frequency. With the 

resistance and voltage drop known the power output can be 

determined using Ohm’s law. 

For the battery charging experiments nickel metal 

hydride batteries were chosen because they have a high 

charge density and unlike lithium ion batteries they do not 

require any type of charge controller or voltage regulator to 

be incorporated into the circuitry. The circuit constructed to 

charge the battery consisted of a full wave rectifier, capacitor 

and the battery intended to be charged, as shown in Figure 2. 

 
Fig. 1: Experimental setup with the MFC plate and PZT 

Plate in a cantilever configuration  

The voltage produced by the PZT was first full wave 

rectified then accumulated in a large capacitor, typically 

greater than 1000μF, followed by the battery intended to be 

charged, which was placed in parallel with the capacitor. The 

simplicity of this circuit allows it to be constructed very 

compactly and without additional components that would 

result in additional power dissipation, the circuit used is 

shown in Figure 3. 

 
Fig. 2: Schematic of the battery charging circuit 

 
Fig. 3: Layout of the Battery charging circuit built on a 

breadboard. 

Jedol Dayou, Man-Sang, [2] the investigation shows 

that the power output from a single piezo-film was very low 

in the range of 0.2 W. Therefore, direct application of the 

piezo-film as a power source is not practical. It is unavoidable 

to use a storage device to collect the weak power output for 

future usage. Fortunately, the voltage outputs from a single 

piezo-film can produce a root-mean-squared voltage of 1.18 

V which is high enough to store the generated electricity into 

a small nickel metal hydride battery. Figure 4 shows the 
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charging time of a 1.2V-2500 mAh nickel metal hydride 

battery at random force and at resonance frequency, 

respectively. This is equivalent to 14 hours of charging time 

using random force and 10 hours at resonance frequency. 

After the rechargeable battery had been fully charged up, it 

was discharged through a load of 10 k for 1 hour. During this 

discharging period, the current measured remained steadily at 

760 mA and the potential difference across the resistor was 

1.2 V. This is equivalent to an estimated power of about 

0.9W. 

 
Fig. 4: Graph potential difference across the resistor 

A. Random Force  

 
Fig. 5: Graph potential difference across the resistor 

B. Random Force  

Figure 4. Charging a 1.2V-2500 mAh nickel metal hydride 

battery at random force and at resonance frequency, 

respectively. 

Since the power output from a single piezo-film was 

extremely low, combination of few piezo films was 

investigated. Two possible connections were tested - parallel 

and series connections. The parallel connection did not show 

significant increase in the voltage output. With series 

connection, additional piezo-film results in increased of 

voltage output but not in linear proportion. This may be due 

to the non-linear modification of internal impedance of the 

system. Further investigation is required to explain this non-

linearity occurrence. If this is understood, an artificial 

modification could be added into the system to achieve the 

ultimate goal of producing 12Vvoltage output with high 

current density. 

Tanvi Dikshit, Dhawal Shrivastava and Parag 

Parandkar, [3] The piezoelectric effect is a special material 

property that exists in many single crystalline materials. 

Examples of such crystalline structures are Quartz, Rochelle 

salt, Topaz, Tourmaline, Cane sugar, Berlinite (AlPO4), 

Bone, Tendon, Silk, Enamel, Dentin, Barium Titanate 

(BaTiO3), Lead Titanate (PbTiO3), Potassium Niobate 

(KNbO3), Lithium Niobate (LiNbO3) etc. There are two 

types of piezoelectric effect, direct piezoelectric effect and 

inverse piezoelectric effect. The direct piezoelectric effect is 

derived from materials generating electric potential when 

mechanical stress is applied and the inverse piezoelectric 

effect implies materials deformation when an electric field is 

applied. The energy harvesting via Piezoelectricity uses 

direct piezoelectric effect. The phenomenon will be clear 

from the diagram shown in Fig.5 Energy Harvesting via 

Piezoelectricity 

 
Fig. 5: Structure of a piezoelectric component 

The piezoelectric crystal arrays are laid underneath 

pavements, sidewalks and other high traffic areas like 

highways, speed breakers for maximum voltage generation. 

The voltage thus generated from the array can be used to 

charge the chargeable Lithium batteries, capacitors etc. These 

batteries can be used as per the requirement. 

In United States Defense Advance Research Project 

Agency (DARPA) initiated a innovative project on Energy 

harvesting which attempts to power battlefield equipment by 

piezoelectric generators embedded in soldiers' boots. 

However, these energy harvesting sources put an impact on 

the body. DARPA's effort to harness 1-2 watts from 

continuous shoe impact while walking were abandoned due 

to the discomfort from the additional energy expended by a 

person wearing the shoes. 

Researchers are also working on the idea of utilizing 

the vibrations caused from the machines in the gym. At 

workplaces, while sitting on the chair, energy can be stored 

in the batteries by laying piezoelectric crystals in the chair. 

Also the studies are being carried out to utilize the vibrations 

in a vehicle, like at clutches, gears, seats, shock-ups, foot 

rests. 

The piezoelectric crystals can be laid down under 

the keys of a mobile unit and keyboards. With the press of 

every key, the vibrations created can be used for piezoelectric 

crystal and 1hence can be used for charging purpose. 

A series of crystals can be laid below the floor mats, 

tiles and carpets which are frequently used at public places. 

In Europe, certain nightclubs have already begun to 

power their night clubs, strobes and stereos by use of 

piezoelectric crystals. The crystals are laid underneath the 

dance floor. When a bulk of people use this dance floor, 

enormous amount of voltage is generated which can be used 

to power the equipment’s of the night club. 
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III. CONCLUSION 

A non-conventional, non-polluting form of energy can be 

harvested, maintaining the economic standards of common 

laymen.The electricity is produced from the mechanical 

stress on the crystals due to piezoelectric effect and thus it 

generates the energy needed for charging battery to light 

streetlights at night and also for the city consumption of 

electricity. Regardless of this project, the future of 

piezoelectric materials looks bright, with studies focusing on 

their properties and applications even in nanotechnology. If a 

compromise between the hardness of the road and the make-

up of the small devices is reached, then undoubtedly the 

system will benefit both drivers and the national power grid. 

The assembly developed using series and parallel 

combination of piezo-crystals is very cost effective. A single 

crystal costs around 23 – 25 Rupees, and hence the cost of 

whole assembly is very less. It is very encouraging to get a 

good voltage and current at such a low cost at the same time 

utilizing the waste energy. The two major functions of the 

piezoelectric materials in the smart joint are: to act as a sensor 

to detect the various loads acting on the joint, and to act as an 

actuator to provide counter balancing force/moments to the 

external/internal forces acting on the joint. In the present 

study an experimental characterization of the piezoelectric 

materials has been done in order to investigate the sensing 

and force generation capabilities of the piezoelectric 

materials in order to use them for the smart joint/ smart 

structure applications. 
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