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The analysis of existing alternative power source equipment that convert other types of energy into electric power was

carried out. This study proposed a technical solution for the design of the power generating tile or step, which converts the

kinetic energy of press into electric power and accumulates it. The operating principle of the power-generating tile is

described as an alternative, decentralized source of electrical energy. The experimental research of the developed device

was conducted and the method of conversion of kinetic energy into electric power improved. A correlation method that

allows conducting analysis and calculation by quantitative indicators of the generated electricity from press was presented.

The proposed device can be used as an alternative source of electricity in places with great foot traffic. The device has

small overall dimensions and can easily be set up in various types of aisles, stairs, and integrated into the network of LED

lighting.
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1. Introduction

Currently, the issues of energy saving and energy efficiency are

becoming increasingly topical, and, therefore, methods for their

implementation and the means that directly make such

implementation possible are much needed.1 In this area, a fairly

large number of different types of research is being made.2-5 The

most urgent of these is the development and research of tools and

instruments that can reduce dependence on centralized power

sources or reduce the expenses for electricity.6-8

This paper presents the studies devoted to solving the problem

of energy saving and energy efficiency in institutions, buildings

and places with a great foot traffic. The main idea of the work is to

develop and implement a low-duty device for generating

electricity. The idea is based on the methods and means of

converting kinetic energy into electric power, which will generate

the required amount of electricity and also provide the power

supply system with additional, alternative low-duty power sources.

The introduction of the device under research, which is patented by

the authors of the work,9,10 will allow saving energy, its efficient

allocation and balancing according to the power.

The purpose of the work is to study a low-duty electric power

source that converts kinetic energy into electric power as a means

of energy saving and increasing energy efficiency.

The Pavegen tile, developed by Laurence Kemball-Cook's, a

researcher from England, is an analogue of the proposed

device.11,12 This tile converts kinetic energy from steps into electric

power. The principle of such a tile is based on the piezoelectric

effect, which greatly affects its price and reliability.

Russian scientists Kh. Abramovich, E. Kharash and others have

proposed a similar development.13 Their device is a part of the

system and methods of collecting energy on roads and highways

using a piezoelectric generator. The disadvantage is that it needs a

stationary structure and appropriate assemblage.

In the article written by Xiaofeng Li, V. Strezov14 and in the

article written by A. Shukla, S.A. Ansari15 the possibility of using a

piezoelectric tile in an educational institution is considered. 

In the United States, the inventors S. Brusaw, J. Brusaw
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proposed a device “Solar Roadway Panel”, which converts the sun

energy into electricity. The generated electricity is used for the own

needs of the device and for the power supply of the newest

“Intelligent Road” systems.16 It should be noted that this

development requires complete re-equipment of both the road and

its entire infrastructure. Also, this development cannot convert

kinetic energy of press into electric power. In the work by V.R.

Skoy17 the “Piezoelectric DC generator based on the Casimir

effect” is described. The invention belongs to energy converters

operating on the basis of the use of piezoceramic materials. As for

the drawbacks of such devices, as has already been noted, one can

mention their low reliability, which is explained by the use of

piezoceramics. In his article Shalabh Bhatnagar4 considers the

fundamental possibility of obtaining electric energy by converting

it from the energy of sound waves and using piezoelectric

elements. But the author considers only the fundamental possibility

of such conversion and does not provide concrete technical

solutions for it. Xinyu Xue, Sihong Wang18 proposed to combine

the process of conversion of mechanical energy into electrical

power with the process of electric energy accumulation in the form

of chemical energy. But, as in the previous case, the authors do not

indicate the operational and technical characteristics of their

development. In19 Salvatore Cafiso and M. Cuomo provide

substantiation for using piezoelectric transducers on asphalt

pavement in terms of efficiency and power generation. Thus, there

are many examples of possible conversion of kinetic energy from

press into electric power, but no specific technical solutions are

given for practical implementation of this process. It should also be

noted that such devices are designed for significant pressing force

and can only be installed on motorways.

The given analysis of the reviewed papers on the development

and research of various systems and devices that convert various

types of energy into electric power indicates that this problem is

topical and urgent for the general public.

2. The Design of the Device

To date, an electromechanical device for transformation of

kinetic energy into electric power, where the kinetic energy from

people’s steps is transformed into electric power and accumulates

in capacitive storage devices - ultracapacitors and accumulator

batteries, looks promising and effective.20 In this case, energy

conversion occurs due to the use of an electric machine, where the

energy of press is converted into rotational energy of the electric

machine rotor. Such a device can be used as an alternative and

decentralized low-duty power source.

The electromechanical device of converting kinetic energy into

electric power with an electric generator is suggested. The device

has a housing with a pressure plate, where the rotor and the stator

are co-located and can move relative one another. In this case, the

Fig. 1 The design of the device: 1 - the pressure plate; 2 - the electric

generator drive rail; 3 - the spring; 4 - the airtight connection

of the plate with the housing; 5 - the body; 6 - the electric

machine (electric drive); 7 - multiplier; 8 - the electric

generator drive gear; 9 - the pressure plate working stroke; F -

the pressing force

Fig. 2 The device principal electrical scheme: 1 - the pressure plate;

6 - the electric machine (electric generator); 7 - the multiplier;

10 - the electric rectifier; C - the capacitive storage; VD - the

diode; GB - the rechargeable battery; S - the switch; Z - the

load
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similar ends of the stator windings are connected to each other and

go to an electric rectifier, whose output clamps are connected to a

capacitive storage - an ultracapacitor. The ultracapacitor, through

the diode, recharges the accumulator battery, which is connected to

the load via the switch (Figs. 1 and 2). 

The rotor of the electric generator rotates about the axis under

the action of the electric generator drive rail through a cylindrical

multiplier, which increases the angular velocity of rotation.

The feature of the proposed device for converting kinetic energy

into electric power is its small dimensions and weights and the fact

that can be easily installed in places with a large number of

pedestrians and the great density of human flow. At this, the

process of conversion of kinetic energy into electric power is more

effective than in case with the devices mentioned above.

3. Principle of Action

The principle of operation of the proposed device is explained

by schematic drawings, Figs. 1 and 2, patented by the authors of

the work.10

When pressing on the electromechanical device of converting

kinetic energy into electric power with a multiplier, its press plate

1, connected by a hermetic coupling of the plate to the housing 4,

starts moving downward under the action of the pressing force F

(Fig. 1), thereby moving the generator drive rail 2, which is tied to

the pinion gear of the electric generator 8. The drive rail of the

electric generator 2 moves downward for the entire pressure plate

working stroke 9, until the pressure plate 1 lies on the housing 5

and thereby turns the electric generator 8 which is firmly attached

to the shaft of the electric machine rotor 6 and the multiplier 7,

which increases the angular rotational speed of the electric

machine rotor 6. The electric generator rotor, rotating about its

axis, directs the electromotive force in the windings of the electric

machine stator 6. When removing the foot from the

electromechanical device of converting the kinetic energy in the

electric power, the springs 3 turn the pressure plate 1 to its original

position, and the electric generator rotor, under the action of the

electric generator drive rail 2 through the electric generator drive

gear 8 begins to rotate in the opposite direction and directs the

EMF in the stator windings with a negative value. The electric

generator stator windings are connected to the electric rectifier 10

(Fig. 2). When the EMF is directed, an alternating electric current

starts to flow by the windings, and after it is rectified on an electric

rectifier 10, it charges the capacitive storage C-ultracapacitor and

via the VD diode - a storage battery GB. The switch S switches the

power supply to load Z.

Thus, the proposed electromechanical device for converting

kinetic energy into electric one makes possible to increase the

efficiency of converting energy of pressing into electric power by

using an electromechanical energy converter based on an electric

machine. In this case, the overall dimensions of the device remain

the same as described in.11,13

4. Experimental Research

In order to confirm the efficiency of the proposed device of

converting kinetic energy of pressing into electric power an

experimental sample of one element of this device was developed.

The device itself can have several such elements. On the basis of

this sample, a series of experimental studies have been carried out

on conversion of kinetic energy of pressing into electric power, its

accumulation and subsequent use. The photo of the developed

element of the experimental sample is shown in Fig. 3.

Technical characteristics of the developed prototype:

· Number of electric generators - 2 pcs (DS-200-1);

· Multiplier (gearbox) with a gear ratio of 1: 2;

· The working stroke of the pressure plate - 10 mm;

· Load - 2 lamps from the 9 LED lantern, 60 lumens (or Li-ion

accumulator batteries - for the charge);

· 2 Li-ion accumulator batteries: ICR 18650 (2200 mAh; 3,7 V);

· Geometric dimensions: height – 150 mm; width – 200 mm;

length – 250 mm.

The purpose and conditions of the experiment. The goal of the

work is experimental research of the device transforming kinetic

energy into electric one and determination of energy characteristics

and potential of the given device when using it as an alternative

Fig. 3 The element of the experimental sample of the device for

converting kinetic energy of press into electric power: 1 - the

pressure plate; 2 - the external load (LED lamps); 3 - the

electric machine (electric generator); 4 - the multiplier; 5 - the

electric rectifier 
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renewable source of energy. 

Depending on the available conditions, needs and technical

capabilities, the device of converting kinetic energy into electric

power can consist of several elements (Fig. 3). So, to determine,

the power value from one press the measurements were taken on

one electric generator. This is due to the fact that both electro-

generators of the pilot sample have the same output and operate in

identical conditions. Therefore, in order to get rid of various kinds

of errors, measurements are made on one electric generator, and

then these values are multiplied by the number of electric machines

available in the device (in this case, by “2”).

A series of measurements of 100 presses are carried out and the

graphs of dependence of the generated capacity on time are built.

Then the integration of the received graphs is carried out and the

quantitative value of the generated power is determined.

Experimental studies are presented on Fig. 4. in the form of the

graph showing the dependence of generated power on time when

pressing the device (Fig. 3).

One pressure generates two impulses of electricity, due to the

fact that during the reverse stroke of the pressure plate the electric

generator rotates in the opposite direction, which also results in

generation of electricity. The top value of generated voltage per

one step is 5 V, the rotor rotation frequency being up to 360 rpm. 

Integration of the received graphs (Fig. 4) made it possible to

determine that 100 presses (corresponding to 100 steps), generated

16.89 W/h. Thus, an element of the device for converting kinetic

energy of press into electric power with two electric generators

generates 33.78 W/h with 100 steps performed on it. If the power

generating tile or step consists of 2 such elements, then it will

generate 67.56 W/h, and, if it consists of 4, then it will generate

135.12 W/h. The number of items in one such device is determined

by the technical conditions of its installation and location.

Assuming that the average number of presses per step in front of

an educational institution (secondary school, technical school,

university, etc.) is approximately 10,000 per day (this Fig. depends

on the number of people working and studying at a particular

institution), then we determine that one such device with 2

elements will generate 6.76 kWh, and a device with 4 elements

will generate 13.5 kWh. The calculations carried out are

summarized in Table 1.

5. Discussions

Analyzing the results obtained (Table 1) one can conclude that

one such device installed at the entrance to any educational

institution (entrance to the building or the territory of the

institution, various types of passages, stairs, etc.) will be sufficient

to meet the requirements for electric lighting (using LED

technology) during a dark day. If several devices are installed, then

it is possible to partially or completely abandon the centralized

illumination of the territory or premises (in educational

institutions) that are intended for general use, such as corridor,

halls, lobbies, etc. This will result in reduction of expenses for

electrical supply and in saving money for consumed electricity.

The presented design, the circuit decision and the described

principle of the device operation helps to evaluate the simplicity

and efficiency of the proposed converter.

The paper presents the results of the experimental studies of the

proposed device. The analysis of the obtained results has shown

Fig. 4 The graph of measurement of the generated power resulted from two presses on the device (sampling rate is 100 Hz)

Table 1 Indicators of the generated power, depending on the number

of presses

Number of 

presses

Generated power, W

1 element with 

1 electric 

generator

1 element with 

2 electric 

generators

2 element 

device

4 element 

device

10000 1689,00 3378,00 6756,00 13512,00
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that the 4-element device is capable of generating 13.5 kWh of

power during 10 thousand presses.

It should be noted that the presented development requires

further improvement for wide-range use and can then be used both

inside the buildings and outside in the places with big traffic of

moving objects.

The pressure plate can be returned to its place (put up) by the

step engine, working as an electric motor (in the engine mode).

The changes should be made in the design of the device and the

software for the step engine must be provided for. The algorithm of

work of the electric device unit when raising the pressure plate

should be suggested, and the corresponding electronics (electronic

plates) that will realize this algorithm. We should take into

consideration that when raising the pressure plate the electric

current is necessary, which will be supplied by Li-ion accumulator

batteries. It can decrease the value of the generated energy by the

value necessary for the step engines work. This kind of research

will be made and presented in future works. But we must underline

that when a step engine works as an electric motor, only one

impulse of electricity will be generated during one step (Fig. 4).

There will be no second impulse as in this case there will be no

springs in the design of the device returning the pressure plate to

the initial position. However, in this case we should expect the first

generated impulse of electricity to be more powerful (because of

the lack of springs’ resistance). 

While conducting the experimental research it was discovered

that the value of the generated energy from one step on the given

device depends more not on the weight of a person but on how

harsh the step is made. The faster the tempo of walk, the harsher

the steps, the more energy is generated. The latter should be taken

into account when calculating the place of location of the device as

its location can significantly influence the process of energy

generation.

The offered device of transforming kinetic energy into electric

one can be used as an alternative renewable source of electric

energy in the places with dense people flow. Consequently,

installation of such a device is an efficient way of saving energy

and energy economy.

6. Conclusions

The analysis of existing alternative power source equipment

converting other types of energy into electric power was carried out.

A technical solution for the design of the power generating tile

or step, which converts the kinetic energy of press into electric

power and accumulates it for further use, is pro-posed.

The operating principle of power-generating tile is described as

an alternative and decentralized source of electrical energy.

The experimental research of the developed element of the

power generating device has been conducted.

The method of conversion of kinetic energy into electric power

has been improved. The progress was achieved due to the use of an

electromechanically converter with a multiplier, which

significantly increases the efficiency of electric power con-version

and generation.

A correlation method that allows conducting analysis and

calculation by quantitative indicators of the generated electricity

from press is presented. According to the results of the

experimental research it was determined that depending on the

structural peculiarities of the investigated device, its potential as a

source of electric energy can be different. So, if there is only one

generator in its design and 10 thousand steps are made – it can

generate 1,7 kWh, made up of 4 generators – 13,5 kWh. 

The obtained data of the experimental research of the suggested

device make possible to evaluate its potential as an alternative

renewable source of energy that can meet the need for electricity of

the specific object partially or in full. Knowing the density of the

people flow, we can calculate approximately the value of the

energy generated by this device (depending on the time of work).

That means, we can determine the number of such devices

necessary to be installed on the object to provide it with the

necessary electricity, for example, for LED lighting.
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