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Abstract 

In 21st century, the need of electricity and use of electronic devices has increased drasticallty. To overcome it many, source are 

available i.e. conventional and non-conventional for the generation of electricity. In this paper the focus is drawn towards the use 

of mechanical power of human to produce electricity. Here a mechanism is developed which is mounted on the knee of human 

being and by their mechanical movement, electricity is generated. The production of power and its result are also concluded.   
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

In today’s world, when the advancement in technology is at its peak from mobile phones to laptop computers, society has 

become increasingly dependent on portable electronic devices. Batteries are commonly used to energize most of these 

applications, but they have a finite lifetime as this device tends to be relatively power hungry. So the issue of power can be 

solved by implementing new technologies such as energy harvesting. Energy harvesting has the capability to effectively power 

electronic instruments. Harnessing energy from sources such as motion, sunlight, and temperature changes has been employed 

respectively on electronic self-winding wristwatches, solar-powered calculators, and thermal-powered wristwatches. Therefore, 

energy harvesting is an alternative to batteries for energizing electronic devices. Energy harvesting was the main technology used 

before the advent of the internal combustion engine, the power grid, and batteries [1]. For instance, wind turbine farms and 

hydroelectric plants are the successors of windmills and water wheels. Small electrical generators were also used in radios and 

flash lights operated by hand cranking in the 1940s. Other recent examples include the bicycle dynamo (capable of producing up  

to 3W of power) and lever-driven mobile phone chargers (up to 2W of power).Wearable micro instruments for environmental 

monitoring of humidity, temperature, pressure, and acceleration with data processing capabilities have been successfully 

implemented as watch-sized devices .Such systems are commonly powered by batteries, and sometimes the battery is larger than 

the entire system. This is normally the case for devices that need to be functional for long periods of time. Therefore, low-power 

electronics are making progress to extend battery life or even use energy harvesting as the sole energy source. If electronic self-

winding wristwatches can harness body motion to power themselves, in the near future hybrid approaches using energy 

harvesters and rechargeable batteries could power more portable applications or even implantable devices. It is anticipated that 

hybrid power supplies will be critical for a wide range of autonomous micro system. Another concern is the environmental 

panorama of battery disposal around the world. Millions of batteries are discarded into sanitary land fills where heavy metals can 

result in groundwater contamination. Therefore, solutions that minimize or avoid battery disposal will certainly provide an 

environmental advantage. In today’s era of modern world electricity has become our prime necessity. We require electricity for 

almost all of our needs for operating led bulb to heavy appliances. Basically electricity is a secondary source of energy which can 

be obtained by employing conversion or transformation process on primary source of energy such as coal, water, tidal, nuclear or 

fossil fuels. Electricity has found a wide range of applications because it is a high grade energy which means that it can easily be 

converted into various forms of energy. In rural areas where the light of development has not reached, electricity is the major 

problem, so the comfort needed for human being of modern era is not available. At such places there are not any power 

generating companies so people in such area have to depend on non-conventional source of energy. They have to be dependent 

on natural source like solar, wind etc. such type of energy are very unreliable as it need certain criteria to be fulfilled. During 

extreme conditions a person might need a power source for small appliances like a torch light or for charging mobile phone. 

Further there are some areas which are still to be explored, in such places one has to depend on navigating device such as GPS; 
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they have to widely depend on satellite maps and navigation system. But due to lack of power source one can face difficulty 

using such instruments. A portable battery pack might come in handy for a while but once the charge in battery gets depleted one 

has to find a power source. For instance a person going for hiking in a forest will have to rely on navigation system for knowing 

his position in the jungle. His adventure can turn into a disaster once if he gets himself lost into the forest and couldn’t find a way 

back home. During such extreme scenario he might need some power source so that he can power his navigation system or he 

could transmit his location using GPS but, the need of electricity remains a problem.  This type of problem are not limited to 

such conditions only but also during blackouts in the cities. Especially in case of blackouts in cities there will be huge need of 

power source because people in the cities are more dependent on electricity than anyone else. For powering small appliances 

without which one cannot survive we might need a capable power source.To reiterate the need of electricity is our basic need, 

electricity can easily be stored in battery pack and can be utilized, but to charge that battery we require a capable power source. 

II. LITERATURE REVIEW 

Qingguo Li, Veronica Naing and J Maxwell Donelan in [2] have developed a biomechanical energy harvester. In this research 

paper, they recently developed a wearable knee-mounted energy harvesting device that generated electricity during human 

walking. In this methods-focused paper, they explained the physiological principles that suggested there design process and 

present a whole description of their device design with an emphasis on new analyses. Effectively harvesting energy from 

walking need a small lightweight device that efficiently converts intermittent, bi-directional, low speed and high torque 

mechanical power to electricity, and selectively engages power generation to assist muscles in performing negative mechanical 

work. To achieve this, there device used a one-way clutch to transmit only knee extension motions, a spur gear transmission to 

induce the angular speed, a brushless DC rotary magnetic generator to convert the mechanical power into electrical power, a 

control system to determine when to open and close the power generation circuit based on measurements of knee angle, and a 

customized orthopedic knee brace to distribute the device reaction torque over a large leg surface area. 

Raziel Riemer and Amir Shapiro has researched in [3] that the field of biomechanical energy harvesting from human motion. 

In this research paper, they analyzed major motions performed during walking and identified the amount of work the body 

expends and the portion of recoverable energy. During walking, there are phases of the motion at the joints where muscles act as 

brakes and energy is lost to the surroundings. During those phases of motion, the required braking force or torque can be 

replaced by an electrical generator, allowing energy to be harvested at the cost of only minimal additional effort. The amount of 

energy that can be harvested was estimated experimentally and from literature data. Recommendations for future directions are 

made on the basis of our results in combination with a review of biomechanical energy harvesting devices and energy conversion 

methods. Consideration for the device is higher the gear ratio and the greater the losses due to friction or also the higher the 

weight of the device. 

Michele Pozzi ,Min S. H. Aung , Meiling Zhu, Richard K. Jones, John Y. Goulermas has developed Pizzicato knee-joint 

energy harvester. This research paper [4] suggested that the reduced power requirements of miniaturized electronics offer the 

opportunity to create devices; human-based piezoelectric energy harvesting is particularly difficult due to the mismatch between 

the low-frequency of human activities and the high-frequency requirements of piezoelectric transducers. They propose a 

piezoelectric energy harvester, to be worn on the knee-joint that relies on the plucking technique to Achieve frequency up-

conversion. During a plucking action, a piezoelectric bimorph is deflected by a Plectrum; when released due to loss of contact, 

the bimorph is free to vibrate at its resonant frequency, Generating electrical energy with the highest efficiency. The knee-joint 

piezoelectric energy harvester is fixed to the outside of the knee by braces. As The wearer walks, the inner hub and the outer ring 

rotate relatively to each other with reciprocating motion, so that the four bimorphs (mounted on the hub) are forced to pass in 

front of the plectra (embedded in the outer ring). In this way, the plectra pluck the four bimorphs. The prototype of the EH was 

realized based on this design. For testing, the prototype was mounted on a knee-joint simulator, which uses a stepper motor to 

reproduce the kinematics of the knee-joint of a Human subject.  

Amar Vatambe has developed a Power Generating Knee straps with Hints at End. This paper [5] represented that the 

biomechanics of walking presented four main challenges for designing a device to harvest energy from the motion of the knee 

joint. The first challenge was to determine an effective mechanism for converting biomechanical power into electrical power. 

This generator had to be worn on the body so it needed to be small and lightweight. The second challenge was to design a 

mechanism for converting the intermittent, bidirectional and time-varying knee joint power into a form suitable for efficient 

electrical power generation. The third challenge was to optimize the system parameters in order to maximize the electrical power 

generation without adversely affecting the walking motion. At any given point in the walking cycle, there is only a certain 

amount of knee mechanical power available–attempting to harvest too much power will cause the user to limp or stop walking 

while harvesting too little results in less electrical power generated. The final design challenge was to determine a mechanism for 

selectively engaging power generation during swing Extension to achieve generative braking. They have developed a 

biomechanical energy harvester for generating electricity from walking.  



Development of Knee Mounted Energy Harvester  
(IJSTE/ Volume 3 / Issue 10 / 062) 

 

 All rights reserved by www.ijste.org 
 

350 

III. COMPONENTS 

 DC Generator:  

An electrical generator is a machine which converts mechanical motion into electrical energy. Structurally and construction wise 

a direct electric current generator is exactly similar to a DC motor, but electrically it is just the opposite. Here we unlike a motor 

we derive electrical energy as an output while we supply mechanical energy as an input. In a generator armature is allowed to 

rotate freely between a magnets which induces current as per faradays law. Current produced will be directly proportional to the 

speed of the armature.[6] 

  
Fig. 1: External structure of dc electric generator [6]         Fig. 2: Internal structure of dc electric motor 

 Aluminum Chassis:  

Chassis is the frame structure on which all components are attached. This chassis has a functional use also as it is reason because 

of which we are obtaining rotary motion in gear train. The whole chassis is made from aluminum thus ensuring light weight 

structure. 

 
Fig. 3: Aluminum chassis 

 Charging circuit:  

The circuit starts from a dc generator which produces current with the help of rotary motion supplied to it. The current obtained 

from the generator is an alternating current and as we want to utilize the current for charging purpose we require direct current so 

bridge rectifier is used to convert alternating current into direct current. After the current is converted into direct current from 

rectifier it is passed to voltage regulator which ensures that the voltage produced from the circuit does not exceed a certain value 

and the high voltage current does not harm the components. Capacitor is used in the circuit to store the charge along with a led so 

that we can verify whether the device works or not. The whole device comprises of two such circuits which is connected in series 

which is connected to battery pack. The series connection of both the connection provides sufficient amount of electricity to 

charge the battery. 
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Fig. 4: charging circuit 

 Battery pack:  

A battery pack is basically a set of rechargeable lithium ion cell which can be used to store power and can be utilized as a power 

source when in need. The power stored in the battery pack depends on the storage size of the cells. This battery pack can be 

utilized to charge or power a small device like mobile phone. 

 
Fig. 5: Battery pack 

IV. METHODOLOGY 

The main working principle behind the harvester is the conversion of angular deflection of knee into the rotary motion which 

could be utilized to generate power in generator coupled to it. This is achieved by using a compound gear train, which not only 

transfers the motion but also increases the output with the help of a fixed gear ratio. The output obtained at the end will be 

directly proportional to the rate and extent at which the knee will deflect. Also power will be generated in any direction in the 

generator with the help of rectifier. The implementation refers to the development of actual working model of our device. We 

started our procedure towards development of working model of our device, now for actual implementation of our idea there 

were initially some barriers like design is proper or not and we will be able to achieve the desired output or not. These were the 

initial dogmas which were coming to our mind than we decided to start our work as described in methodology. First task was to 

make chassis and the initial problem was to decrease the weight of the device so we decide to go with the aluminum chassis so 

the desired objective of weight reduction can be achieved and while making aluminum chassis we are also looking after the 

flexibility of leg and its motion and we have also kept in mind the limitation of leg motion so it will be beneficial to our device 

and not harmful for the knee joints. Next task was to get the effective rotary motion from the displacement of knee joints so we 

employed couplings to effectively transfer the displacement of knee joints into rotary motion.  Now the problem of reversal of 

current during the extension and retraction motion of knee during walking was also countered after employing the diode. Diode 

permits the flow of current in one direction only, than this rotary motion is transferred to the dc electric generator and generator 

produces the power. Our sole objective was to develop a device that can be used as backup source for low voltage devices such 

as mobile phone, GPS; hearing aids etc. so we also constructed one charging circuit so that the power developed passes through 

that and can be efficiently available at output port for its sole applications. The entire assembly was fitted with machine pins so 

that the device will be portable and can be taken any where by dismantling it. 
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Fig. 6: Design of device                 Fig. 7: working model 

V. RESULT 

The beginning result from the device when we used a single generator were not promising voltage output was limited to 2 volts 

which was not sufficient enough. Then we decided to use another generator to increase the output. Thus the device will consist of 

two generators on both sides of the knee. Both generators will work simultaneously generating electricity. Outputs of both 

generator when used together to charge a battery resulted into considerable increase in the current. After using power from two 

generators, not only the current generated was increased also it took less time to fully charge the device. The obtained output 

from the whole arrangement was nearly 3 volts. To ensure that the output does not exceed a preset value, voltage regulator is 

used. Thus components of the device and battery remains safe even when the current produced sometimes exceed in high value. 

VI. CONCLUSION 

Need of energy remains a big question in today’s world; in such a scenario we try to find different ways to produce electricity. 

Nonrenewable energy source are widely used to generate electricity but the biggest concern with them is that eventually they will 

die out soon. So we will require an efficient way to generate electricity from renewable sources. After implementing our ideas in 

this project we concluded that the human energy is an attractive energy source and can be used as power source after employing 

some harvesting techniques. Here we employed our ideas and constructed a device which harvests the muscular energy available 

at knee joint and efficiently converts  it into the electrical energy by using the gearing mechanism and obtained the desired 

output. The weight of the whole assembly is low enough to carry it around which helps in the portability of the device. Total 

weight of the device can further be reduced to increase the portability of the device. 
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