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• Low voltage – 230V,415V.

• Normal voltages-3.3KV , 6.6,11KV,13.2KV

• High voltage – 18.2KV,22KV,33KV

• Extra high voltages -66KV,132KV

• Modern extra high voltage -220KV,400KV

• Ultra high voltage – 765kv

VOLTAGE LEVELS



INTRODUCTION
• It all started in ancient Greece.

The Greek philosopher Thales
of Miletus in 600 B.C described
the phenomenon of static
electricity which was already
known to the Greeks.

• The Dutchman Pieter van
Musschenbroek invented the
Leyden jar, the first electrical
capacitor, in 1745. Shortly
afterwards, William Watson
proved, using a Leyden jar, that
a discharge of static electricity
is actually an electric current.



• In June 1752 Benjamin
Franklin, the American
statesman, performed his
famous dangerous kite
experiment during a thunder
storm and showed that
lightning is associated with the
flow of a large electric current.

• The research of two Italians,
Luigi Galvani (1737 – 1798)
and Alessandro Volta (1745 –
1827) on the interaction
between metal electrodes and
a chemical electrolyte was the
forerunner of the electric
battery.



• Faraday was born in 1791 near
London as the son of a poor
blacksmith and received only a
few years’ formal education.
Only 13 years old, he started to
work at a bookbinder’s shop in
London.

• He started experimenting with
electricity and may rightly be
regarded as the inventor of the
main principles that form the
basis of the generation,
transmission and utilization of
electricity: the generator, the
transformer and the electric
motor.



• His major contribution was Faraday’s Law, which
states that, when a piece of copper wire moves
past a magnetic pole, the electrons in the wire
tend to move. The amazing fact is that this
principle is still responsible for the generation of
the bulk of the electric power being generated
today.

• In power stations, other forms of energy, such as
that in fossil fuel, nuclear fuel, hydraulic head or
wind, are first converted into mechanical energy
and then into three-phase electrical energy when
the magnetic field of the rotor “cuts” the copper
phase conductors.



• The main advantage of
electrical power is the ease
whereby it can be
transmitted over long
distances to remote parts of
a country.

• Thomas Alva Edison (1847 –
1931) patented, after
extensive research, the first
incandescent light bulb and
initiated the construction of
the first power station in
Pearl Street, New York,
including a network that
supplied 110 volts DC to 59
clients.



• During a span of a few years similar power
networks were established in the major cities of
America, Britain, Europe and even in remote
parts of the world, such as Kimberley in South
Africa where electric street lights were switched
on at the diamond mines on 1 September 1882 –
three days before the commissioning of the Pearl
Street Power Station in New York



• It was soon realized that a low voltage
power lines such as those run by Edison
are limited in their length due to voltage
drop constraints.

• Nikola Tesla (1856 – 1943) conceived the
concept of alternating current in 1886,
together with the concept of using
transformers to step up the voltage,
causing a proportional reduction in
current.

• The use of higher voltages therefore
permitted the construction of longer lines
to supply power to remote areas. The use
of the higher voltages, however,
uncovered the problems associated with
high voltage insulation.



• An impolite campaign raged in the late 1880’s
between Tesla and Edison, the so-called “War
of the Currents”.

• Recent research indicates that Edison might
have had a point as 50 or 60 Hz alternating
current apparently more readily induces
ventricular fibrillation than direct current.
Direct current is however also dangerous and
the advantages of alternating current ensured
Tesla’s victory.



• Ironically, with the advent of high voltage power
electronics devices, direct current has made a
comeback. Long high voltage direct current
(HVDC) lines are used, even for inter- continental
power transmission.

• The continued efforts of electrical power
engineers during the past century in various
countries of the world resulted in the
development of sophisticated and surprisingly
reliable power grids, considering the size of the
networks and the severity of the environmental
conditions.



Need for Generating High Voltages in 
Laboratory

1. High ac voltage of one million volts or even more
are required for testing power apparatus rated for
extra high transmission voltages (400KV system and
above).

2. High impulse voltages are required testing purposes
to simulate over voltages that occur in power
systems due to lighting or switching surges.

3. Main concern of high voltages is for the insulation
testing of various components in power system for
different types of voltages namely power frequency,
ac high frequency, switching or lightning impulses.



Applications of High Voltages

1. High voltages are applied in laboratories in 
nuclear research, in particle accelerators and 
Van de Graff generators. 

2. Voltages up to 100KV are used in electrostatic 
precipitators. 

3. X-Ray equipment for medical and industrial 
application also uses high voltages.



Electric Field

• It is essential for high voltage engineers to have a
knowledge of the field intensities in various
media under electric stresses.

• It also helps in choosing proper electrode
configurations and economical dimensioning of
the insulation, such that highly stressed regions
are not formed and reliable operation of the
equipment results in its anticipated life.



Electric Field

• The field intensity E at any location in an
electrostatic field is the ratio of the force on
an infinitely small charge at that location to
the charge itself as the charge decreases to
zero.



Electric Field

• The force F on any charge q at that point in
the field is given by

F = q E 

• The electric flux density D associated with the
field intensity E is

D = 𝜀 E 

• where 𝜀 is the permittivity of the medium in
which the electric field exists.



ELECTRIC FIELD AT DIFFERENT LEVELS 
OF INSULATOR



Electric Field

• The work done on a charge when moved in an
electric field is defined as the potential. The
potential 𝜑 is equal to

𝜑 = − 𝐸 𝑑𝑙 𝑙

where l is the path through which the charge is
moved.



ELECTRIC FIELD STRESSES

• Like in mechanical designs where the criterion
for design depends on the mechanical strength of
the materials and the stresses that are generated
during their operation, in high voltage
applications, the dielectric strength of insulating
materials and the electric field stresses
developed in them when subjected to high
voltages are the important factors in high voltage
systems.



ELECTRIC FIELD STRESSES

• In a high voltage apparatus, the important
materials used are conductors and insulators.
While the conductors carry the current, the
insulators prevent the flow of currents in
undesired paths.

• As already mentioned, the most important
material used in a high voltage apparatus is the
insulation. The dielectric strength of an insulating
material can be defined as the maximum
dielectric stress which the material can
withstand.



ELECTRIC FIELD STRESSES

• The electric breakdown strength of insulating
materials depends on a variety of parameters,
such as

• pressure, temperature, humidity,

• field configurations,

• nature of applied voltage,

• imperfections in dielectric materials,

• material of electrodes,

• and surface conditions of electrodes.



ELECTRIC FIELD STRESSES

• An understanding of the failure of the insulation
will be possible by the study of the possible
mechanisms by which the failure can occur.

• The most common cause of insulation failure is
the presence of discharges either within the voids
in the insulation or over the surface of the
insulation.

• The probability of failure will be greatly reduced if
such discharges could be eliminated at the
normal working voltage. Then, failure can occur
as a result of thermal or electrochemical
deterioration of the insulation.



Uniform and Non Uniform Electric 
Fields

• In general, electric field between any two
electrodes can be either uniform and uniform.

• In a uniform field gap, the average field E is the
same throughout the field region, whereas in a
non uniform field gap, E is different at different
points of the field region.

• Uniform or approximately uniform field
distributions exist between two infinite parallel
plates or two spheres of equal diameter when
the gap distance is less than the diameter of the
sphere.



• Spherical electrodes are frequently used for high
voltage measurements for triggering in impulse
voltage generation circuits.

• Sometimes, parallel plates of finite size are used
to simulate uniform electric fields, when gap
separation is much smaller than plate size.

• Most of the practical high voltage components
used in electric power systems normally have non
uniform field distribution.



NUMERICAL METHODS FOR ELECTRIC 
FIELD

• In recent years, several numerical methods for solving
partial differential equations which include Laplace's
and Poisson’s equations have become available.

• There are inherent difficulties in solving these
equations for two or three dimensional fields with
complex boundary conditions, or for insulating
materials with different permittivity and or
conductivities.

• Proper design of any high voltage apparatus requires a
complete knowledge of the electric fields distribution.



• For a simple physical system with some
symmetry, it is possible to find an analytical
solution. However, in many cases, the physical
systems are very complex and therefore in such
cases, numerical methods are employed for the
calculation of electric fields.

• Essentially three types of numerical methods are
commonly employed in high voltage engineering
applications.

• They are: 
1. Finite Element Method (FEM) 
2. Charge Simulation Method (CSM) 
3. Surface charge Simulation Method (SCSM)



Types of Insulators

• Gasses

• Liquids

• Solids



Gasses

• The most common dielectrics are gases. Many 
electrical apparatus use air as the

• insulating medium, while in a few cases other 
gases such as N2, CO2, CCl2F2 (Freon) and SF6

(hexafluoride) are used.



Liquids 

• Mineral oil-Flammable. Common type of transformer oil

• Liquid hydrogen-Used In Alternators, Flammable.

• Liquid helium- Used with superconductors.

• Synthetic Ester-High dielectric constant, Fire Resistant, 
Low temperature fluidity.

• Silicone oil-More expensive than hydrocarbons. Less 
flammable.

https://en.wikipedia.org/wiki/Mineral_oil
https://en.wikipedia.org/wiki/Transformer_oil
https://en.wikipedia.org/wiki/Liquid_hydrogen
https://en.wikipedia.org/wiki/Liquid_helium
https://en.wikipedia.org/wiki/Superconductor
https://en.wikipedia.org/wiki/Silicone_oil


Solids

• Rubber
• Glass
• Dry wood
• Dry cotton
• Plastic
• Fiberglass
• Dry paper
• Porcelain
• Ceramics
• Quartz



UNIT-1
INTRODUCTION

• Electrical materials constitute an extreme group of
industrial materials they are of electrical machines,
electrical apparatus, instruments, and other elements of
electrical equipment and installations.

• By the behavior in an electric and magnetic field, or
both, we ordinarily categorize all of these materials into
major groups.

1. Dielectric

2. Conducting

3. Semiconducting

4. Magnetic materials



DIELECTRIC STRENGTH

• For a pure electrically insulating material, the
maximum electric field that the material can
withstand under ideal conditions without
undergoing electrical breakdown and becoming
electrically conductive (i.e. without failure of its
insulating properties).

https://en.wikipedia.org/wiki/Electrical_insulator
https://en.wikipedia.org/wiki/Electric_field
https://en.wikipedia.org/wiki/Electrical_breakdown


CONDUCTION AND BREAKDOWN IN 
GASES

The fundamental equation for the kinetic theory of gas is 
derived with the following
assumed conditions:

• Gas consists of molecules of the same mass which are 
assumed spheres.

• Molecules are in continuous random motion.
• Collisions are elastic – simple mechanical.
• Mean distance between molecules is much greater 

than their diameter.
• Forces between molecules and the walls of the 

container are negligible.



• The most common dielectrics are gases. Many
electrical apparatus use air as the insulating
medium, while in a few cases other gases such as
N2, CO2, CCl2F2 (freon) and SF6 (hexafluoride)
are used.

• Gases consist of neutral molecules, and are,
therefore, good insulators.

• Yet under certain conditions, a breakdown of the
insulating property occurs, and current can pass
through the gas. Several phenomena are
associated with the electric discharge in gases



• The processes by which high currents are
produced in gases is essential. The electrical
discharges in gases are of two types;

i) non-sustaining discharges

ii) self-sustaining types.



• The breakdown in a gas (spark breakdown) is 
the transition of a non-sustaining

• The build up of high currents in a breakdown 
is due to the ionization in which electrons and 
ions are created from neutral atoms or 
molecules, and their migration to the anode 
and cathode respectively leads to high 
currents. Discharges which is  self-sustaining 
discharge. 



TYPES OF IONISATION

1. Ionisation by collision

2. Photo ionization

3. Secondary ionization



IONISATION BY COLLISION

• The process of liberating an electron from a gas
molecule with the simultaneous production of a
positive ion is called ionization.

• In the process of ionization by collision, a free
electron collides with a neutral gas molecule and
gives rise to a new electron and a positive ion.

• Ionisation by collision is also called as Townsends
discharge.

• The ionization energy or ionization potential is
the energy necessary to remove an electron from
the neutral atom.



IONISATION BY COLLISION



PHOTO IONIZATION
excited atom



PHOTO IONIZATION







• If the total energy of positive ion is greater 
than twice the work function of metal then 
one electron will be ejected and a second 
electron will be neutralize the ion.





• Electrons can be ejected from the work
surface by the impact of excited (metastable)
atoms, provided that their total energy is
sufficient to overcome the work function.





• Electrons can be ejected from the metal
surface by the impact of excited (metastable)
atom provided that their total energy is
sufficient to overcome the work function.



Ionization Process

• Consider a simple electrode, having two parallel plate
electrodes(representing uniform field geometry) separated
by a distance d.

• Immersed in a gas at pressure p. A uniform electric field E is
applied between two electrodes.

• Due to any external radiation (ultra violet illumination) free
electrons are liberated at the cathode. When an electron, e
is placed in an E, it will be accelerated with a force eE
(coulomb force) towards the anode, and it gains an energy.

• where x is the distance traveled by the electron from the
cathode, m is the mass and v is the velocity of the electron.





• Thus created electrons form a group or an
avalanche and reach the anode. This is the
electric current and if it is sufficiently large it
results in the formation of a conducting path
between the electrodes resulting in the
breakdown of the gap.

• Townsend conducted experiments on the growth
of these currents which led to breakdown under
d.c. voltage conditions, and he proposed a theory
to explain the phenomenon.


