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Abstract

In electrical engineering, the term ground or earth has several meanings depending
on the specific application areas. Ground is the reference point in an electrical circuit
from which other voltages are measured, a common return path for electrical current

(‘earth return or ground return), or a direct physical connection to the earth.

Electrical circuits may be connected to ground (earth) for several reasons. In a power
circuit, a connection to ground is done for safety purposes to protect people from the
effects of faulty insulation on electrically powered equipment. A connection to
ground helps limit the voltage built up between power circuits and the earth,

protecting circuit insulation from damage due to excessive voltage.

There are several types of earthing in the world. They are TT system, TN system and
IT system. But in Sri Lanka most common method is the TT system. That means
both the consumer and the source end should separately be earthed. Those earth
electrodes should have less resistance and non corrosive perfect bonding.

In the power distribution system in Sri Lanka normally the main source is -the CEB
transformer. According to the TT system, the. substation should be earthed properly.
If not it will affect the consumers by creating neutral leakage current, unbalancing
voltage" voltage fluctuations and poor lightning protection etc. As a result
transformer can be damaged, customer's electrical equipment and installation can be
damaged .Life of humans and animals are in danger as the step and touch voltages
have high values.

Generally CEB distribution substation has two earth electrodes: one for neutral and
the other for lightning arrestor and the body. According to the CEB rules and IEE
regulations the earth resistance of those electrodes should be less than 10 Ohms.
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During last 20 years, CEB has used different types of earth electrodes for distribution
substations. That is 10 feet long cast iron pipes, 6 feet long Gl pipes, 1 m long copper
plated steel rod with concrete mesh etc. But according to my investigations most of
distribution substations of CEB have the resistance of around 100 Ohms. Hence |

decided to select this topic as a project.

Therefore the aim of this project is to design an earth electrode with high
performance for distribution substations. This electrode can be used at consumer end
too. First , an electrode was designed for a better surface area. The electrode was a
combination of a rod and a semi sphere. According to the soil type, the length of the
rod can be varied. However to reduce the resistivity of the surrounding soil, a special
mixture was prepared with a resistivity of around 4 ohm m 'and it was used to back
fill the electrode. , An Aluminum or Galvanized barrel was used to avoid mixing that
solution with the soil. As a result, the resistance of the electrode was reduced. | have
designed eight types of electrodes for different soil types. However, the electrode-
type D, that is 3m rod and a radius of O.75m barrel can be used at the most of areas
since the resistivity is below 650 Ohm m in Sri Lanka Therefore we can maintain the

level of earth resistance below 10 ohms easily.



DECLARATION

The work submitted in this dissertation is the result of my own investigation, except

where otherwise stated.

It has not already been accepted for any degree, and is also not being concurrently
submitted for any other degree.

UOM Verified Signature

...........................

P.P.B.Samarasekara

Date: 30.11.2009

I endorse the declaration by the candidate.

UOM Verified Signature

Supervisor



CONTENTS

Page No.

Declaration i
Contents 1
Abstract iv
Acknowledgement vi
List of Tables vii
List of Figures viil
Chapter 1 —Introduction 1
Chapter 2 — Requirement of the earthing system 4
2.1 LEarth conductors 4
2.2 Earth Electrodes 4
2.3 Corrosion 4
2.4 Corrosion Susceptibility of Metals 5
Chapter 3 — Earth Electrode Types 6
3.1 Rod Type 6
3.1.1 Increasing the length of an earth rod 7
3.1.2  Increasing the radius of an earth rod 10
3.2 Plate Type 10
3.3 Hemisphere Type 11
3.4 Conductor or Strip Type 12
3.5 Relative Advatage and Disadvavatages of the principal types of earth

Electrodes 12
3.0 Proposed design for an Earth electrode 13
Chapter 4 — Performance of Earth Electrode 15
4.1 Connection between the earth conductor and the earth electrode 15
4.1.1 Mechanical Connection 15
4.1.2 Brazed connections 15
4.1.3 Exothermic joints 15
4.1.4 Welded connections 17
Chapter 5 - Soil Resistivity 18
5.1 Effects of soil resistivity on ground Electrode Resistance 18
5.2 Measurement of soil resistivity 18

Chapter 6 - Factors Affecting Soil Resistivity 21



6.1 Effect of moisture content on soil resistivity

6.2 Effect of Temperature on soil resistivity

6.3 Effect of salt content on soil resistivity

Chapter 7 — Critical Cylinder

7.1 Replacing soil in the Interfacing Hemisphere (1H)

Chapter 8 - Backfilling

8.1 Backfilling Material

8.2 Other Backfilling Material
8.2.1 Bentonite

8.2.2 Mentonite

Chapter 9 - Measuring Earth Resistance
9.1 Maintenance of earthing system
9.1.1 Inspection

9.1.2 Examination

Chapter 10 — Calculation

10.1  Type A
102 TypeB
10.3  Type C
104 TypeD
10.5 TypeE
10,6 Typel
10.7  Type G
10,8  Type H

Chapter 11 — Conclution

Appendix 1 - Distribution Earthing System

AP 1.1 IT system
AP 1.2 TN system
AP 1.2.1 TN- C System

AP 1.2.2 TN —S system
AP 1.2.3 TN — C — S System

AP 1.3 TT System
AP 1.4 CEB System
References

21
22

Page No
23

24

24

37
37
37

38

41
43
45
47
49
51
52
54

57

59

60
61
61
61
62
63
64

65

1



ACKNOWLEDGEMENT

Thanks are due first to my supervisor. Professor Ranjit Perera. for his great insights,
perspectives, guidance and sense of humor. My sincere thanks go to the officers in Post
Graduate Office, Faculty of Engineering, University of Moratuwa, Sri Lanka for helping
in various ways to clarify the things related to my academic works in time with excellent
cooperation and guidance. Sincere gratitude is also extended to the people who scrve in

the Department of Electrical Engineering office.

[ also extend my sincere thanks to Mr. P.N.J.Peiris (DGM Training) in CEB for giving

this valuable project proposal and encouraged me to conduct this testing successfully.

I would like to take this opportunity to extend my sincere thanks to Mr. W.E.Silva
(Electrical Superintendent Construction WPS-1) and his staff, Mr. Ranatunga (Electrical
Superintendent Construction WPS-1) and his staff, Mr. Priyankara (Electrical
Superintendent Construction WPS-1), Mr D.R.M Ariyarathne (Electrical Superintendent
Commercial WPS-1), Mr. S.U.Hewagama (Electrical Superintendent Commercial WPS-
1), Mr. Gunawardana (Electrical Superintendent C S C Fullerton) and his staff of Ceylon

Electricity Board who gave their co-operation to conduct the testing works successfully.

It is a great pleasure to remember the kind co-operation extended by the colleagues in the
post graduate programme, friends and specially my wife and family members who helped

me to continue the studies from start to end.

Vi




List of Tables

Table Number Description

Table 3.1 Relative Advatage and Disadvavatages of the principal
| types of earth Electrodes.
‘f Table 8.1 Typical resistivities of various soil types

|
{‘
]

Table 10.1

No. of A type electrode required for various type of soil

[

Table 10.2

No. of B type electrode required for various type of soil

|

Table 10.3

No. of C type electrode required for various type of soil

Table 10.4

No. of D type electrode required for various type of soil

Table 10.5 No. of E type electrode required for various type of soil
) Table 10.6 No. of F type electrode required for various type of soil
" Table 10.7 No. of G type electrode required for various type of soil
| Table 10.8 No. of H type electrode required for various type of soil
| Table 11.1 No. of Electrode required according to the soil condition
Table 11.2 No. of Electrode required according to the soil condition

|

Vil




List of Figures

igure Number

Description

|
\

ey
| Fleure 1.1

&

Distribution Substation

N

 Figure 2.1

Corrosion Susceptibility of metals

| Figure 3.1

Rod Type Electrode

 Figure 3.2

Method of increasing the length of a rod type electrode

Voltage dissipation of a rod type electrode

Resistance Vs rod length in uniform soil

Figure 3.5

Resistance Vs rod length in multilayer soil

|
' Figure 3.6

Equipotential pattern of a rod clectrode

| Figure 3.7

Farth resistance Vs radius of an carth rod

Figure 3.8

Difterent Plate type electrodes

Figure 3.9

A Hemisphere type electrode

\
| Figure 3.10

Resistance Vs Radius of the Hemisphere in uniform soil

f

) Figure 3.11

Voltage distribution of the proposed earth electrode

A3

[ Figure 3.12

Proposed earth electrode

nw‘?g“

i

\
o}

Figure 3.13

Proposed earth electrode

Figure 4.1

A joint of exothermic welding

ﬁigure 4.2

Exothermic welding mould

Figure 5.1

Connecting method of test spikes for measurement of soil
resistivity

Figure 5.2

Measurement of soil resistivity

Figure 5.3

A Grape of soil resistivity Vs Electrode space

Figure 6.1

The influence of moisture content

Viii



\Tgure 6.2

' Figure 6.3

W‘ The influence of temperature content
|
]

\ The influence of salt content

The miluence of sotl within the eritical eylinder

Percent Change in resistance Vs distance from the rod

i
'r
i Figure 7.3
I
(

The interfacing hemisphere of rod electrode

J ligure 7.4
|

rods Too close

| Figure 7.5
|

/ Critical Cylinder

“ Figure 8.1

/ arth electrode without GI cage

\‘
liFigure 8.2

Earth electrode with GI cage.

ﬁigure 8.3 The barrel which is used for backfilling
i Figure 8.4 Backfilling method by adding chemicals
; Figure 8.5 After 6 months

‘ Figure 8.6 Earth resistance Vs time

rFlgure 8.7

Bentonitc

Figure 8.8

Earth Electrode in a rock

Figure 8.9

Marconite

|
|
|
i
|

| Figure 9.1 Measuring the Earth resistance
Figure 9.2 Method of measuring the earth resistance
Figure 9.3 Effect of overlapping resistance arcas
Larth resistance Vs Distance between Electrode and probe

Figure 10.1

Voltage Dissipation of the Electrode

Figure 10.2

Voltage Dissipation of the Electrode (Plan view)

L

f

|

)

|

’ Figure 9.4
|

|

[

\

|

i Figure 10.3
[

Type A Electrode

X




{Fgm€104

Type B Electrode

‘% I'igure 10.5

Type C Electrode

|
r
i
I

 Iigure 10.6

Type D Electrode

L
s Figure 10.7

Type E Electrode

Tigurc 10.8

Type IF Electrode

‘i [igure 10.9

Type G Electrode

;F@umIOJO

Type H Electrode

|
I

Figure AP 1.1

basic components of a distribution system

h‘igurc AP 1.2

IT System

\
' Figure AP 1.3

TN - C System

| Tigure AP 1.4

TN — S System

|
| Figure AP 1.5
|

TN — C-S System

“‘ Figure AP 1.6

TT System




