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ABSTRACT 

 

 
The world is going through energy crises. There are different 

alternative sources available to generate energy. But most of the 

energy generation system fails to fulfill the requirement of portable 

application. There is need to search alternative energy source. The 

alternative source of energy is to supplement batteries in portable 

electronics application. Electromagnetic generator is one of way to 

generate energy from motion or vibration.  

In this research work, the main focus is on converting mechanical 

energy into electrical energy by using a pendulum. An effort is made 

to analysis the electrical signal from the movement of pendulum with 

the help of MATLAB. The shaft of electromagnetic generator is 

connected to pendulum. The movements of generator move the 

pendulum and energy will be generate. The way of analysis of Energy 

generation is explain in this paper. The generated energy further 

charges the rechargeable batteries used for portable electronic 

application. 

 

Index Terms: Alternative Energy System, Electromagnetic Generator, 

Pendulum, MATLAB, Portable Application. 

 

 

I. INTRODUCTION 

 

 

 

Portable Wearable electronic is still a fairly 

new field of research and as a result much of 

the terminology has still to gain widespread 

acceptance. All the wearable electronic 

devices are a portable. A Portable electronic 

gadget is a device that has a purpose or 

function, that contains electronic devices in 

order to work. Although, a lot of efforts are 

being made to provide alternative energy 

sources for portable application but increasing 

demand of efficient power sources, embedded 

systems and wearable electronic devices. 

Using more than one source for energy 

scavenging can be a good solution for most of 

the applications. [1]  

Energy harvesting is the process by which 

energy is derived from environment, captured 

and stored. 
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Energy harvesting devices converting ambient 

energy into electrical energy have attracted 

much interest in both the communication and 

commercial sectors [2]. Another application of 

energy harvesting devices in wearable 

electronics is that it can power or recharge cell 

phones, mobile, radio communication 

equipment etc [3-4]. 

The following are different types of Energy 

harvesting system: 

Radiant energy harvesting: Harvesting solar 

energy is probably the oldest way for 

powering of electronic devices.e.g. Solar 

Energy, RF fields and RF waves [5]. 

Mechanical energy harvesting: Mechanical 

energy of vibration or strain is converted into 

electrical through various techniques. For e.g. 

Electromagnetic, Electrostatics/ Capacitive 

and Piezoelectric [6-9]. 

Thermal energy harvesting: Relies of 

thermoelectric effect to convert thermal 

gradients into useful energy.e.g. Body heat and 

external heat [10-11]. 

Alternative energy generations have gained 

considerable research attention due to the rapid 

development of portable electronic 

gadgets/products. A Portable electronic system 

includes autonomous device that is powered 

by a battery. The battery can be recharged by 

energy harvesting system. This energy is 

harvested from the human body or from 

external ambient energy. Energy harvesters 

provide a very small amount of power for low-

energy electronic devices.  

Motion and vibration provides possible power 

sources and a wide range of devices have been 

developed which exploit them. 

 

II. SYSTEM UNDER STUDY 

 

In the present work, pendulum based 

alternative energy harvesting system is 

designed to increase a battery life by 

recharging a battery continuously [12].  The 

pendulum is worked as Electric generator. The 

generator is one which generates electrical 

energy. The electromechanical energy 

generator converts motion of pendulum 

(Mechanical Energy) into electrical energy.  

 

 

The following figure 1 shows the block 

diagram of Electric Energy Generator 

 

 

 

 

 

 

 

Figure 1: Block diagram of Electromagnetic 

Energy 

 

 Mechanical energy is the energy that is 

possessed by an object due to its movement of 

pendulum. In this experiment pendulum is use 

for this purpose. The oscillations of pendulum 

generate electrical energy because of that it is 

also called as generator. Pendulum is a  

continuous energy conversion equipment. 

Designing of Pendulum 

A pendulum is one which can be considered to 

be a point mass suspended from string of 

negligible mass. 

Consider mass of object connected to a 

pendulum is ‘m’ and length of string ‘L’.The 

motion of the pendulum can be completely 

described by coordinate θ.The angle θ 

measured from y axes. 

 

For a small angle  

 

 

The period of the motion, the total time for a 

complete oscillation (outward and return) is  

 

 

The pendulum is work as electromagnetic 

energy generator. The power generated from 

the pendulum system can be calculated from 

the formulae given below  

 

 

T= 2π√ L/g  

 

θ = θ max Sin (√ g/L  ) t 

 

Mechanical 

Energy 

(Source) 

Electromechanical 

Energy 

Conversion 

Device 

(Generator) 

) 

Electrical 

Energy 

(Load) 

Power=2*g (1-cos (θ))/π√g/L 
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The following Figures 2 show the human hand 

work as pendulum and Figure 3 shows an 

Experimental setup of pendulum as energy 

generator. 

 

Figure 2: Human hand work as Pendulum 

 

 

 

 

 

 

 

 

Fig.3: Movement of pendulum as energy 

generator 

 

III. EXPERIMENTAL RESULTS 

For calculating the energy generated from 

pendulum need to calculate or identify the 

angle of the pendulum. By using a simulation 

tool like MATLAB can be easily find out the 

position of pendulum and angle of pendulum. 

That angle θ is used to find out the energy 

generated from pendulum. The figure 4 and 

figure 5 shows the simulation results of 

movement of pendulum and its time series for 

different angle. 

 

 

 

 

 
 

Figure 4: Simple pendulum and its time series 

 

 

 

 
 

 

Figure 5: Movement of pendulum and its time 

series 
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IV. CONCLUSION 

 

Harvesting energy from the body movement is 

the best option for portable application. There 

are several alternative energy sources which 

can be used for the same purpose. When the 

angle of pendulum oscillation increased, the 

generated electric energy also increases. As 

per above discussed the system designed for 

energy generator using a Pendulum which is 

used in Portable Application. The generator 

power is in mill watt range. In future generated 

power will be amplify and stored in 

rechargeable battery or super capacitor. The 

rechargeable battery or super capacitor is a 

source of power in portable electronic gadget 

or applications. 

 

ACKNOWLEDGMENTS 

 

One of the author Mr.S.M.Dhavale would like 

to thank Dr. R.G.Pardeshi, Principal, Prof. 

J.V.Khedkar,Head of research center and 

colleagues of the research center of Fergusson 

College,Pune. 

REFERENCES 

 

1 S.Nithiya1, K.Sadhuna 2, A. Saravanan “Energy 

Harvesting Using Oscillating Pendulum” 

International Journal for Research and Development 

in Engineering (IJRDE) ISSN: 2279-0500 Special 

Issue: pp-017-019 

2 L.Ashok Kumar“Teleintimation Garment: A 

Wearable Electronic Garment For Soldier's Status 

Monitoring Applications “RMUTP international 

Conference: Textiles & Fashion 2012 Bangkok 

Thailand, July 3-4, 2012. 

3 Xinping Cao, Wen-Ren Chiang, Ya-Chin King and 

Yi-Kuen Lee, “Electromagnetic Energy Harvesting 

Circuit with Feed forward and Feedback DC-DC 

PWM Boost Converter for Vibration Power 

Generator System” IEEE Transactions on Power 

Electronics, Vol. 22, No. 2, pp. 679-685, 2007. 

4 Zdenek Hadas, Vojtech Vetiska, Vladislav Singule, 

Ondrej Andrs, Jiri Kovar and Jan Vetiska,”Energy 

Harvesting from Mechanical Shocks Using A 

Sensitive Vibration Energy Harvester” Int J Adv 

Robotic Sy, Vol. 9, pp.225:2012, 2012. 

5 Evans Sordiashie,“Electromagnetic Harvesting To 

Power Energy Management Sensors In The Built 

Environment “University of Nebraska – Lincoln 

Digital Commons@University of Nebraska – 

Lincoln 2012. 

6 Zdenek Hadas, Vojtech Vetiska, Vladislav Singule, 

Ondrej Andrs, Jiri Kovar and Jan Vetiska,”Energy 

Harvesting from Mechanical Shocks Using A 

Sensitive Vibration Energy Harvester” Int J Adv 

Robotic Sy, Vol. 9, pp.225:2012, 2012. 

7 Robert GHERCA, Radu OLARU “Harvesting 

Vibration Energy By Electromagnetic Induction 

“Annals of the University of Craiova, Electrical 

Engineering series, No.35; ISSN 1842- 4805, 2011. 

8 Xinping Cao, Wen-Ren Chiang, Ya-Chin King and 

Yi-Kuen Lee, “Electromagnetic Energy Harvesting 

Circuit with Feed forward and Feedback DC-DC 

PWM Boost Converter for Vibration Power 

Generator System” IEEE Transactions on Power 

Electronics, Vol. 22, No. 2,  pp. 679-685, 2007. 

9 S P Beeby, M J Tudor and N M White,”  Energy 

harvesting vibration sources for   Microsystems 

applications” Institute of Physics Publishing 

Measurement Science and Technology Meas. Sci. 

Technol. 17 PP175–195, 2006. 

10 Paul D. Mitcheson, Eric M. Yeatman, G. Kondala 

Rao, Andrew S. Holmes, Tim C. Green,” Energy 

Harvesting From Human and Machine Motion for 

Wireless Electronic Devices “Proceedings of the 

IEEE Vol. 0018-9219/$25.00 _2008 IEEE 96, No. 

9, September 2008 

11 Thomas von Buren,” Body-Worn Inertial 

Electromagnetic Micro-Generators “Swiss Federal 

Institute of Technology Zurich, 2006. 

12 S.M.Dhavale, N. M. Kulkarni, A. D. Shaligram 

“Design of Energy Harvesting System for Portable 

Wearable Electronic Gadgets” on 1st National 

Conference on Energy and Environment on 20th – 

22nd February 2014,UoP,Pune. 

 


