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Abstract— This paper is the practical implementation of the 

Van de Graaff generator. This paper proposes the design and 

operation of the high voltage electrostatic dc generation. The 

principal of this system is to convert the static energy into 

the high voltage electrical energy. A Van de Graaff 

generator is an electrostatic-accelerator which is used in the 

scientific experiments to produced high voltage in the less 

time with a high safety factor. The generated charge is used 

to speed up subatomic particles. It produced very high 

voltage up to the 5 mega volts. This device is commonly in 

the physics and high voltage laboratory, to get the high 

electrostatic charge. it can also be used in radiotherapy and 

also as a electrostatic precipitator for cleaning the waste gas 

. This study presents a solution to the problem by proposing 

a very economical design of Van de Graaff generator. Table 

top Van de Graaff generators develop over 200,000 Volts 

and floor models offer up to 1,000,000 Volts of high voltage 

lightning electrical discharges. 
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I. INTRODUCTION 

Electrostatics was first noticed sometime in 600 B.C. when 

the Greek philosopher Thales discovered that amber 

attracted light objects when rubbed. The phenomenon 

demonstrated a fundamental concept of electrostatics. It is 

an elementary physical fact that extremely high voltages can 

be generated by friction. This fact is the base concept of 

functioning of Van de Graaff generators. The Van de Graaff 

generator is named after Dr. Robert J. Van de Graaff who 

patented his electrostatic generator in 1935. He developed 

this generator for studying the acceleration of charged 

particles to explore the atom. The Van de Graaff generator is 

an impressive electrostatic generator that is capable of 

producing enormously large static electric potentials. More 

modest "class room" sized Van de Graaff generators 

typically produce 100,000 V to 500,000 V. The output of 

this device was applied in several fields of physics, 

astrophysics, medical and industry. In the same way is very 

useful in teaching corona discharge and electrostatics 

phenomenon.  The van de graaff generator, which was 

developed the of year 1920.in our project we can used 230 

volt motor of rpm 9500.and also The material use for our 

dome is Steel also the discharge dome is made up of steel. 

and also we can used two different material of roller for 

accumulate the charges. For calculating such a large high 

DC voltage we use Sphere gap method. In this method we 

take two reading that is of temperature and pressure of our 

working area. For showing the application of van de graaff 

generator as Electrostatic precipitator we create a smoke in 

between two dome that is main dome and discharge dome 

and get surprising result that the amount of smoke is 

reduced after passing through that gap. 

II. LITERATURE SURVEY 

In this paper we are discussing about the principle of the van 

de graaff generator. bassically Van de Graaff generator is an 

electrostatic generator which is use to create the static 

energy into the high voltage electrical energy. this 

experiment is based on the triboelectric effect, where in 

simple contact of two dissimilar material causes the transfer 

of some electrons from one material to another for example 

the rubber belt will became a negatively charged while the 

nylon of upper roller will became positively charged.  To 

understand the bases of a Van de Graaff generator it is 

important to understand static electricity. Static electricity is 

an imbalance in the amounts of positive and negative 

charges in the surface of an object. Some atoms hold on to 

their electrons more  

 
Fig. 1: Triboelectric series 

Tightly than others do. How strongly matter holds 

on to its electrons determines its place in the triboelectric 

series.                             

 A material is more positive in this series if is more apt to 

give up electrons and more negative if is more apt to capture 

electrons when in contact with other materials. Another 

important factor in electrostatics is humidity. If it is very 

humid, the charge imbalance will not remain for a useful 

amount of time. Humidity is the measure of moisture in the 

air. If the humidity is high, the moisture coats the surface of 

the material, providing a low-resistance path for electron 

flow. This path allows the charges to "recombine" and thus 

neutralize the charge imbalance. Likewise, if it is very dry, a 

charge can build up to extraordinary levels, up to tens of 

thousands of volts.  

if the size of the dome increases then output 

voltage and the spark gap also increases this can be shown 

in below figure, In our project we use single phase capacitor 

start motor for running the belt which is made up of nylon, 



Van De Graaff Genrator 
 (IJSRD/Vol. 8/Issue 2/2020/266) 

  

 All rights reserved by www.ijsrd.com 1152 

the bottom pulley covered by Teflon layer and the top pulley 

covered by Aluminum foil, the top collector and discharge 

brushes are made up of Aluminum foil. 

 
Fig. 2: Spark gap/mm vs pd/kv graph 

As we know that in the various industries use the 

steam generator, its generates the large amount of the waste 

gases that’s must be eliminated before while injected in to 

the atmosphere, so we used the electrostatic precipitator. 

 
Fig. 3: Electrostatic precipitator 

Electrostatic precipitator is nothing but the two 

electrodes which is connected to high voltage positive dc 

supply. when the waste gas is passed through the negatively 

charge metal grid it attract the carbon smoke particles in to 

the gas. amd this smoke particles are attracted to positive 

plate so we get the clean gases which can be injected in to 

the atmosphere. so we can reduce the pollution. 

 
Fig. 4: Layout of the precipitator 

III. DESIGN METHODOLOGY 

 
Fig. 5: Block diagram 

A van de graaff generator consist of the belt which 

is rubber belt (or similar flexible dielectric material which is 

simply create the static electric charges) and also the moving 

over two roller which is made up of the different material. 

one is Teflon and another one is nylon .one of the roller 

surrounded by the hollow metallic sphere. two electrodes the 

form of sharp metal points, and the positioned near the 

bottom of the lower roller and inside the sphere, and comb is 

to ground this method of charging is based on the 

triboelectric effect ,this means the simple contact of two 

dissimilar material causes the transfer of some electron from 

one material to the another material. the rubber belt is 

became the negatively charge while the upper nylon roller is 

became positively charged. The belt is carried out the 

negative electron to the inner surface of the roller while the 

upper nylon roller accumulate the positive charge .at point 

surrounding air is became high enough ionized the charge 

molecules Positive upper roller induced very high electric 

field near the pointed comb and the electrons are attached to 

the outside of the rubber belt while positive ions go to the 

comb. At the comb they are neutralized by electrons that 

were on the comb, thus leaving the comb and attached to the 

outer shell with fever net electrons. By the principle 

illustrated in the Faraday ice  

Pail experiments say by the gauss’s law that the 

excess positive charge is accumulate the outer surface of the 

outer metallic shell leaving no field inside the shell. By this 

method electrostatic induction states that the, continues 

building of the very large amount of the charges on the 

shell. For example, the lower roller of Teflon is highly 

negative which picks the negative charge off the inner 

surface of the belt. The lower comb develops a high electric 

field at its points that also becomes large enough to ionize 

air molecules. In this case the electrons are attracted to the 

comb and positive air ions neutralize negative charge on the 

outer surface of the belt, or become attached to the belt. The 

exact balancing of the charge on the up-going verses down-

going side of the belt which is depends on the combination 

of the material is used. For example, the upward moving 

belt is more positive than the downward-moving belt. As the 

belt is continues moves so a constant “charging current 

"travels via belt. And the metallic shell continue accumulate 

the positive charge until the rate which the charge is being 
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lost (through the leakage and the corona discharge) equals 

the charging current. The larger the sphere and the farther it 

is from ground, the higher will be its peak potential. For 

example the small metal sphere connected to the ground, As 

it the lower comb electrons drawn up from the ground due to 

attraction by the positive sphere, when the electric field is 

great enough to break the air in the form of that an electrical 

discharge spark Since the material of the belt and rollers can 

be selected, the accumulated charge on the hollow metal 

sphere can either be made positive (electron deficient) or 

negative (excess electrons). 

The maximal achievable potential is approximately 

equal to the sphere radius (R) multiplied by the electric 

field Emax at which corona discharges begin to form within 

the surrounding gas. For air at standard temperature and 

pressure (STP) the breakdown field is about 30 kV/cm. 

Therefore, a polished spherical electrode 30 cm in diameter 

could be expected to develop a maximal 

voltage Vmax = R*Emax of about 450 kV. This explains why 

Van de Graaff generators are often made with the largest 

possible diameter. 

IV. RESULT 

 
We get a spark at 3 cm, with cracking sound. The output 

voltage of Van de Graaff generator cans easily determine by 

sphere gaps method, 

 
We are given d = 3cm, R = 13cm and E can be calculated as, 

 
Where is the correction factor which is depend on the 

temperature and pressure 

 

By putting the value of T and p as T = 28 degree and p = 

760 torr.   = 0.973 also E =30.484 and the output voltage V 

= 81.506 KV 

V. CONCLUSION 

The Van de Graaff generator in its simplest form is seen as a 

didactical instrument, because of its solidity and simple 

construction. This generator became an ideal demonstration 

apparatus of electrostatic influence machine. Van de Graaff 

high voltage electrostatic generators are used in public 

schools and universities for teaching basic principles of high 

voltage electrostatics charge and laws of electrostatics. The 

Van de Graaff generator is extremely useful because it 

produces electric fields which are strong enough to be 

measured, manipulated, felt directly and played with. Man 

have always been fascinated by lightning and big sparks, 

therefore this machine was always the ideal and much 

appreciated display in important exhibitions, science 

museums and science centers. Table top Van de Graaff 

generators develop over 200,000 Volts and floor models 

offer up to 1,000,000 Volts of high voltage lightning 

electrical discharges. 
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