
UNIT – IV

POWER SYSTEM EARTHING



POWER SYSTEM EARTHING
 Objectives-definitions-Tolerable limits of body

currents-Soil resistivity-Earth resistance-Tolerable
Step and touch voltages-design of earthing grid-Tower
footing resistance-Neutral earthing-Ungrounded and
effectively earthed system-Resistance, Reactance, Arc
suppression coil earthing and grounding transformers.
Arcing grounds-protection against arcing grounds.



POWER SYSTEM EARTHING





The objective of earthing are:

1.To ensure that no part of equipments, other than live
parts should assume a potential which is dangerously
different from surroundings.

2.To allow sufficient current to flow safely for proper
operation of protective devices.

3.To limit over voltages between neutral and ground and
between line and ground.

4.To suppress dangerous high potential gradients.



Earthing can be divided into two ways

 1.Neutral  earthing

 2.Equipment earthing.  

 Neutral earthing deals with earthing of system neutral
to ensure safety of personnel and protection against
lighting.

 Equipment earthing deals with earthing of non-current
carrying parts of equipment to ensure safety of personnel
and protection against lighting.



 Earthing can be done by electrically connecting the
respective parts in the installation to some system of
electrical conductors or electrodes placed near the soil
or below the ground level.

 The earthing mat or electrode under the ground level
have flat iron riser through which all the non-current-
carrying metallic parts of the equipment are connected.



 When the fault occurs the fault current from the
equipment flows through the earthing system to the earth
and thereby protect the equipment from the fault current.

 At the time of the fault, the earth mat conductors rise to
the voltage which is equal to the resistance of the earth
mat multiplied by a ground fault.



 The contacting assembly is called earthing. The
metallic conductors connecting the parts of the
installation with the earthing are called electrical
connection.

 The earthing and the earthing connection together
called the earthing system



DEFINITIONS:
 EARTH ELECTRODE: A rod , pipe, plate or an array of

conductors, embedded in earth horizontally or
vertically.

 In distribution system the earth electrode consists of a
rod about 1m long , driven vertically into ground.

 For substations an elaborate earthing system known as
earth grid or earth mat is used.

 EARTH CURRENT: The current dissipated by earth
electrode into the ground.



 RESISTANCE OF EARTH ELECTRODE: The
resistance offered by the earth electrode to the flow of
current into the ground.

 The resistance is not the ohmic resistance of the
electrode but represents the resistance of the mass of
earth surrounding the earth electrode.

 Numerically it is equal to the ratio of potential of
earth electrode with respect to remote point, to the
current dissipated by it.



 STEP POTENTIAL: The potential difference shunted by
a human body between two accessible points on the
ground separated by the distance of one pace assumed
to be equal to 1m.

 TOUCH POTENTIAL: The potential difference between
a point on the ground and a point on an object likely to
carry fault current (e.g Frame of equipment) and which
can be touched by a person.



Step and touch voltages





 MESH POTENTIAL: The maximum potential within a
mesh of the grid.

 TRANSFERRED POTENTIAL: A special case of touch
potential where a potential is transferred into or out of
the substation.



TOLERABLE  LIMITS OF BODY CURRENTS:

 The effect of electric current passing through vital
organs of the body depends on magnitude, duration
and frequency of current.

 The most dangerous consequences is a heart condition
known as ventricular fibrillation which results in
stoppage of blood circulation.



(a)Effect of magnitude of current :
 The threshold of perception is a current of 1mA.

 Current in the range of 1-6 mA are known as “Let to go
current” because these currents, though unpleasant,
do not impair the ability of a person, holding an
energised object, to release it.

 Currents in the range 9-25 mA may be painful and
impair the ability to release energised object. Still
higher current makes breathing difficult.



 However , if the current is less than about 60 mA, the
effect are not permanent and disappear when current is
interrupted.

 Currents higher than 60 mA ,the effects are not
permanent and disappear when current is interrupted.
Currents higher than 60 mA may lead to ventricular
fibrillation, injury and death.



(b)Effect of duration of current :
 The magnitude of 50Hz tolerable current is related to 

duration. According to tests reported by Dalziel, 99.5% of 
persons of 50Kg weight can safety withstand the current 
given by equation.

 IB = 0.116/√t  ------- 1     where IB is  RMS value of 
body current in amperes and t is the time in seconds. If 
the weight of body is 70Kgs.

 IB = 0.157 /√t  ------- 2  are valid for   0.03<t<3 sec.



(c)Effect of frequency:
 The tolerable currents mentioned above for 50-60 Hz.

It has been found that human body can tolerance
about 5times higher direct current.

 At high frequencies (3000-10kHz) still higher currents
can be tolerated.



SOIL  RESISTIVITY:
 The resistivity of soil depends on the following factors

 SOIL TYPE: The type of soil governs the resistivity to
large extent. Some typical values are Sea water 2.5 Ω -m,
Tap water 20 Ω -m, Clay 50 Ω -m, Sand 2000 Ω -m, dry
concrete 10000 Ω -m, rock 10000 Ω -m.

 MOISTURE CONTENT: Electrical conduction in soil is
electrolytic. Soil resistivity decreases with increase in
moisture content as shown in Fig 1.

 However when the moisture is more than 20% the change
in resistivity is negligible. The amount of water which a
soil can absorb depends on soil type, grain size and
compactness.





 TEMPERATURE: When temperature is more than
zero degrees , its effect on soil resistivity is negligible.
At zero degrees , water in the soil starts freezing and
resistivity increases.

 SALT CONTENT: The composition and amount of
soluble salts also affect resistivity considerably as
shown in Fig2.



 MAGNITUDE OF CURRENT: If the value of current
being dissipated by the soil is high, it may cause
significant drying of soil and increase in its resistivity.

The soil resistivity at a particular location also changes
with depth. Generally the lower layers of soil have
greater moisture content and lower resistivity. However ,
if the lower layer contains hard , rocky soil resistivity
may increase with depth.







Design of earthing grid

 The following steps  should be followed for the design of 
earthing grid

 (a) Data needed for the design

 1.Substation ground area

 2.soil resistivity at the site

 3.Fault clearing time

 4.Maximum grid current

 5.Resistivity of soil at surface



(b) Design of earthing system

 1.selection of electrode material

 2.Determination of conductor size

 3.Preliminary design

 4.Determination of conductor length required for control 
of voltage gradient.

 5.calculation of resistance and ground potential rise.

 6.checking of step potential and version of design, if 
necessary



Design of earthing grid ..
 Substation ground area and soil resistivity : 

 Generally the Substation plan is prepared before the grid design.

 The earthing grid should cover as much ground area as possible.

 Soil resistivity should be determined.

 A thin surface layer of crushed rock helps in limiting the body 
current.

 Fault clearing time:

 Fault clearing time is governed by system stability considerations 
and depends on protection and switchgear equipment.



Determination of maximum grid current

 A SLG fault is more common and causes more fault current 
as compared to DLG fault.

 Therefore ,the design is based on SLG fault current.

 For calculation of this current  grid resistance and fault 
resistance assumed zero







Selection of electrode material:

 The material for grounding grid should have good conductivity, be 
mechanically rugged and resist fusing and deterioration of joints.

 However , a grid of copper forms a galvanic cell with other buried 
structures and pipes, likely to corrosion.

 Aluminum is not used due to corrosion problem.

 The material most commonly used presently is galvanized steel.



Determination of conductor size:





Tower footing resistance

 Tower footing resistance is the resistance offered by tower
footing to the dissipation of current.

 The effective wire depends to a large extended on the tower
footing resistance.

 The tower top potential depends on this resistance to a
large extent.

 A low value of tower footing resistance results in less
voltage stresses across line insulation.

 A tower footing resistance of 20 Ohms for EHV lines and 10
Ohms for HV lines provides sufficient lightning protection.









General equation
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METHODS OF NEUTRAL GROUNDING

 The methods commonly used for grounding the system 
neutral are

 1.Solid grounding (or effective grounding)

 2.Resistance Grounding

 3.Reactance Grounding

 4.Peterson-coil grounding (or resonant groundings)

 The selection of the type of grounding depends on the size 
of the unit, system voltage and protection scheme to be 
used. 



1.Solid grounding

 A power system is said to be effectively grounded or solidly
grounded when the neutral of a generator, power
transformer or grounding transformer are directly
connected to the ground through a conductor of negligible
resistance and reactance.

 A part of a system is said to be solidly grounded when the
positive-sequence impedance of the system is greater or
equal to the zero sequence resistance, and positive
sequence reactance is three times greater than or equal to
the zero sequence reactance.



http://circuitglobe.com/wp-content/uploads/2016/05/solid-grounding-compressor.jpg
http://circuitglobe.com/wp-content/uploads/2016/05/solid-grounding-compressor.jpg


 For the solidly neutral grounded system, it is necessary 
that the ground fault current should not exceed 80% 
of the three-phase fault. It is usually used for keeping 
the fault current within safe limits.

http://circuitglobe.com/neutral-grounding.html


The main features of effectively grounded neutral 
system are 
1.Ground fault currents is high, its maximum value may

sometimes exceed even 3phase short circuit current.

2.In the event of SLG fault, the maximum voltage of healthy
phases doesn’t exceed 80% of line to line voltage.

3.Arcing grounds can not occurs because the short circuit
current eliminates the influence of capacitive current.

4.Since the ground fault current is high, danger to personnel

5.Ground fault relaying is simple and satisfactory.

6.Because of high fault currents, the interference due to
electromagnetic induction with neighboring
communication circuits may high.



2. Resistance grounding

 In this type of neutral grounding, the neutral of the
system is connected to ground through one or more
resistance.

 Resistance grounding limits the fault currents. It
protects the system from transient over voltages.
Resistance grounding decreases the arcing grounding
risk and permits ground-fault protection.

 The value of resistance used in the neutral grounding
system should neither be very high nor be very low
shown in the figure below.



http://circuitglobe.com/wp-content/uploads/2016/05/resistance-grounding-compressor.jpg
http://circuitglobe.com/wp-content/uploads/2016/05/resistance-grounding-compressor.jpg


 A very low resistance makes the system to the solidity
grounded, whereas a very high resistance makes the
system ungrounded.

 The value of resistance is chosen such that the ground-
fault current is limited, but still sufficient ground
current flows permit the operation of ground faults
protections.



The main features of resistance grounded 
neutral system are 
1.The ground fault current is low but higher than the

capacitive ground fault current.

2.Ground fault relaying is simple and satisfactory.

3.The power dissipation in the grounding resistance may
improve system stability because this power
dissipation reduces the accelerating power.



3.Reactance Grounding

 As per IEEE definition reactance grounding means
grounding through impedance, the principle element
of which is reactance.

 This grounding is used when the zero sequence
reactance of system is so low as to cause excessive
ground fault current.

 In reactance grounded system, a reactance is inserted
between the neutral and ground to limit the fault
current as shown in the figure below.

 Let X1,X2,X0 be the +ve,-ve and zero sequence
reactance of a system and V be the voltage per phase.



http://circuitglobe.com/wp-content/uploads/2016/05/reactance-grounding-compressor.jpg
http://circuitglobe.com/wp-content/uploads/2016/05/reactance-grounding-compressor.jpg


 If X0 is negligible as compared to X1

 X1=X2

 Ground fault current = 3V/(X1+X2+X0) [X0 is 
negligible, X1=X2]

= 3V/2X1

=1.5 times 3phase s.c current

If X0=X1, X1=X2

Ground fault current = 3V/(X1+X2+X0)  = 3V/3X1 =V/X1



If X1=X2=X0 and a reactance Xe is connected b/n neutral 
and earth

Ground fault current =3V/(X1+X2+X3+3Xe) = V/X1+Xe

If Xe is increased , the ground fault current decreases.If 
Xe is very small , the system behaves as an effectively 
grounded system. 

Xe is very high , the system behaves as an isolated 
grounded system. 



The main features of reactance grounded 
neutral system are 
1.The ground fault current is reduced but is much higher 

than capacitive ground fault current.

2.Voltages across  healthy phases are b/n 0.8 t0 1 per unit 
of line voltage.

3.Arcing grounds are avoided

4. Transient ground fault are converted to controlled 
current faults.

5.Ground fault relaying is simple and satisfactory.









Arc suppression coil or Resonant or 
Peterson coil Grounding
 It was invented by W.Peterson 1916 and is therefore also

known as peterson coil grounding.
 Generally the capacitive currents are responsible for

producing arcing grounds. These capacitive currents flow
because capacitance exists between each line and earth.

 If inductance L of appropriate value is connected in
parallel with the capacitance of the system, the fault
current If flowing through L (lagging) will be in phase
opposition to the capacitive current Ic of the system. If L is
so adjusted that IL = IC Then the resultant current in the
fault will be zero. This condition is known as “ Resonant
grounding”



Circuit construction
 An arc suppression coil(Peterson coil) is an non-cored

coil connected between the neutral and earth as
shown in following Figure.

 The reactor is provided with tappings to change the
reactance of the coil.

 By adjusting the tappings on the coil , the coil can be
tuned with the capacitance of the system i.e resonant
grounding can be achieved.





The resultant of ICR and ICY is IC.

From the phasor diagram



 For balanced conditions

 If IC is equal to IL there will be no current through the

ground, and there will be no tendency of the arcing

grounds to occur. With the help of Peterson coil neutral

grounding, arc resistance is reduced to such a small

value that it is usually self-extinguishing. Therefore,

Peterson coil is also known as a ground fault neutralizer

or arc suppression coil.

 Peterson coil is rated for a short time of about 5 minutes,

or it is designed to carry its rated current continuously. It

reduces the transient fault which occur due to lightning

and also minimized the single line-to-ground voltage

drops.

http://circuitglobe.com/peterson-coil-grounding.html






•The value of the inductance in the Petersen

coil needs to match the value of the line

capacitance which may vary as and when

modifications in the transmission lines are

carried out.

•Hence, the Petersen coil comes with a

provision to vary the inductance.



ADVANTAGES
 The peterson coil is completely effective in preventing 

any damage by arcing grounding

 It has the advantage of ungrounded neutral system.







Grounding Transformer
 Sometimes the neutral of the power transformer is

not available for grounding(e.g a delta-delta
transformer)

 In such situation a special small size star-delta is
solely used for grounding. This transformer is known
as grounding transformer and it is a step down
transformer.

 The star connected primaries are connected to the
system and its neutral is grounded.



•The secondary's are generally are delta and do not

supply any load but provide a closed path for triple

harmonic currents to circulate.

•Under normal balanced condition the current in a

grounding transformer is only its own exciting

current.

•However a large current may flow in it in the event

of single line to ground fault.



• However it should be of sufficient rating to

withstand the effect of line-to-ground faults.

Transformer with zig-zag conditions are also used

as grounding transformers.









This is a core type transformer with three limbs. Every

phase winding in zigzag connection is divided into two

equal halves.

One half of which is wound on one limb and other half

is wound on another limb of the core of transformer.

https://www.electrical4u.com/core-of-transformer-and-design-of-transformer-core/















