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Abstract— Hybrid vehicles are playing an important role in 

the modern fast moving automobile age, but there are some 

problems acquired in the hybrid vehicles such as charging of 

batteries. Some alternative methods needs to be developed 

to keep the batteries full time charged and to avoid the need 

of any consumable external energy source to charge the 

batteries. There exist variety of energy harvesting 

techniques but mechanical harvesting happens to be the 

most prominent. This technique utilizes piezoelectric 

components where deformation produced by different 

means are directly converted to electric charge via 

piezoelectric effect , so the concept is to utilize the 

deformation or mechanical energy produced by ABS(Anti-

lock Braking System) in vehicle . The motive is to obtain a 

pollution free energy source and to utilize and optimized the 

energy being wasted. 
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I. INTRODUCTION 

Due to increasing environmental pollution and reduction of 

fuel sources, many industries move towards the electric 

systems. Therefore in automobile industries electric vehicles 

are come forward than the traditional vehicles. Most electric 

vehicles including electric cars, electric scooters, electric 

bicycles, electric wheelchairs etc., are driven by electricity 

stored in battery. Hence how to use batteries energy 

efficiently is an important issue for developing EV`s. 

Piezoelectric material in braking system is the best suited 

material for producing electricity. The pressure applied on 

piezoelectric material at the time of braking produces 

electricity. The electricity that produced is given back to 

recharge the batteries, and the discharging rate of batteries 

decreases, and increases vehicle running capacity. In this 

paper a new and effective charging method is developed to 

solve batteries discharging problems. The whole charging 

process is depending on the quantity of pressure applied to 

the piezoelectric material. 

II. ANTILOCK BRAKING SYSTEM (ABS) 

ABS system modulates the brake pressure during an 

emergency stop. By preventing the wheels from locking, it 

enables the driver to maintain steering control and to stop in 

the shortest possible distance under most conditions. During 

normal braking, the ABS and non-ABS brake pedal feel will 

be the same. During ABS operation, a pulsation can be felt 

in the brake pedal, accompanied by a fall and then rise in 

brake pedal height and a clicking sound. 

Most noticeable thing in ABS system is that it 

gives pulsation of 15 cycles per second on the brake pad to 

stop the moving vehicle.  

III. PIEZOELECTRIC MATERIAL 

Since piezoelectricity discovery in 1880, piezoelectric 

materials have found their way into many scientific and 

commercial applications. By definition, Piezoelectricity is 

the ability of some materials (notably crystals and certain 

ceramics) to generate an electric potential in response to 

applied mechanical stress. This may take the form of a 

separation of electric charge across the crystal lattice. If the 

material is not short circuited, the applied charge induces a 

voltage across the material. The word is derived from the 

Greek word piezien, which means to squeeze or press. 

Therefore: Pressure           Crystal         Voltage 

A. Types of Piezoelectric Materials 

1) Naturally-Occurring Crystals  

Quartz, tourmaline, sodium potassium tartarate, 

Rochelle salt, etc. 

2) Ceramics 

Sintered form of finely ground powdered mixture 

made of ferroelectrics of the oxygen-octahedral type 

PZT: Pb (Zr, Ti) O3 

PT: PbTiO3 

PLZT: (Pb, La) (Zr, Ti) O3 

3) Polymers 

PVDF: polyvinylidene fluoride 

IV. CONCEPT 

ABS system is giving reciprocating moment to brake pads 

and frequency of this moment is 15 cycles per second. As 

discussed above in piezoelectric effect that whenever force 

or vibration is applied to piezoelectric material it generates 

voltage across its faces. This generation of charge can be 

seen on voltmeter. By giving mechanical stress to 

piezoelectric material it generates voltage and that can be 

utilized to charge the battery. In hybrid vehicle charging of 

battery is one of the problems that can be faced by users. As 

hybrid vehicle is having ABS system in it, We can utilize 

reciprocating moment of brake pad to give vibration to 

piezoelectric material and getting battery charge by 

generation of voltage while car in motion. The motive is to 

obtain a pollution free energy source and to utilize and 

optimized the energy being wasted. 

V. EXPERIMENTAL SET UP 

We have made a model which is giving similar action as 

given in ABS system to know the amount of voltage 

generated by piezoelectric material. 

A. Explanation of Each Component Used 

1) Brake pedal : To stop the moving vehicle 
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2) Master Cylinder: As the brake pedal is pressed, oil is 

get pressurized in the master cylinder and move further 

in fluid pipe. 

3) Solenoid Valve: Pressurized oil is now come into 

solenoid valve and which will give pulsating movement 

to the pressurized oil. This pulsating movement is given 

by programming ardiuno which is connected to 

solenoid valve. 

4) Slave cylinder: Pressurized oil coming to slave cylinder 

actuate both piston to move outwards. One piston will 

strike to piezoelectric material and another to moving 

wheel. 

5) Piezoelectric material: It is made of ceramic material. 

6) Wheel: Which is act as wheel of vehicle and is powered 

by electric motor. 

VI. CALCULATIONS  

A. Brake Pedal Ratio 

Length from pivot point to center of foot pad, A= 14.9606 

inches 

Length from pivot point to push rod, B = 5.11811 inches 

Brake Pedal Ratio = A/B 

                               = 14.9606 / 5.11811 

                               = 2.92:1 

B. Pressure in Master Cylinder 

Calculating the Area of Master Cylinder Bore: 

          Diameter of bore, D = 1.53543 inches   

          Radius of bore, r = 0.7677 inches 

                             Area, A = 2 𝝅 r2 

                             = 𝟐 ∗ 𝟑. 𝟏𝟒 ∗ 𝟎. 𝟕𝟔𝟕𝟕 ∗ 𝟎. 𝟕𝟔𝟕𝟕 

                              = 4.8237 Sq  

C. In Of Piston Area 

Calculating Master Cylinder Line Pressure 

 Leg Force, FL = 90 pound 

 Pedal Ratio, R = 2.92:1 

 Master Cyl Piston Area, A = 4.8237 Sq In of piston area 

 Master Cylinder Line Pressure, P = (FL / A)* R 

                                         = (90 / 4.8237)* (2.92) 

                                         = 54.48 psi 

                                          = 375626.37 N/m2 

D. Voltage Generated by Piezoelectric Material 

V = Sv*P*D 

Where, V = Piezoelectric generated voltage (Volt) 

Sv = Voltage Sensitivity of the material                   

(Volt*meter/Newton) = 0.01 Vm/N (for ceramic material) 

 P= Pressure (N/m2) 

D = Thickness of material (meters) =0.001(measured) 

Therefore, V = (0.01)(375626.37)(0.001) = 3.75 Volt 

VII. RESULTS 

This value of generated voltage by calculation is matching 

with the value of voltage generated by piezoelectric material 

measured by multimeter. In this experiment we had 

programmed arduino for pulsating movement of 2 cycles per 

second. In actual ABS system is giving movement of 15 

cycles per second. So In actual, it will give higher voltage 

and we can also connect piezo material in series to get 

higher voltage so that battery of Hybrid vehicle can be 

charged. 

VIII. ADVANTAGES 

 Regenerative braking in hybrid vehicle to charge the 

battery is effective only when vehicle is moving with 

higher speed. By using piezoelectric material charging 

of battery can be effective in both condition high speed 

and as well as in low speed. 

 This method is highly effective due to utilization of 

brake is higher due to severe condition of roads and also 

due to traffic in India. 

 It is cost effective due to low price of piezoelectric 

material 

IX. CONCLUSION 

A new and effective method of using piezoelectric material 

in ABS system in conjunction with regenerative braking in 

hybrid vehicle will reduce the discharging rate of batteries. 

From the above observation we conclude that the driving 

range of hybrid vehicle be increased up to 30% to 40%. 
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