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In the rural. areas of our country$  loads are 
very small'  and scattered not justifying 3-phase supply on 
economic grounds. The use of less costly single phase earth 
return system. is advocated herein, for such areas where the 
immediate and future load demands are very small. The problems 
involved in .the use of earth as return conductor are analysed 
in detail. . The model tests are conducted to study the 
interference with neighbouring communication lines, the gradient 
problem and .to explore the _means_ of reducing surface poten-
tials near the earth electrode. Field tests help to check the 

results obtained by analytical and model methods. A simple 
protective scheme is devised to provide protection against 
high resistance earth faults on such lines. A simple static 
over voltage relay is developed to prevent build up 	of 
hazardous potentials near the earth electrodes. The need to 
make available single phase motors required in the rural 
areas at reasonable cost %  and the use of existing 3 phase 
motors on single phase supply in con1uction with a capacitor or 
through phase converter is strongly advocated. The cost of the 

3 phase transmission system ,and the single phase earth return 
system is worked out to show the saving in capital investment 
by use of the single phase earth return system. 
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INT RODUCT ON 

The extent of rural electrification in India 
may be seen from the fact that although 80 percent of the 
population is in villages, less than 8 percent of the 
villages are electrified. Finance constitutes the major 
difficulty in extending the benefits of electricity to 
the rural population. Economies in the initial invest-
mont costs with regard to rural distribution systems 
are necessary In view of the fact that the not return on 
such schemes is small and in as any instances they have 
to be subsidised by the State. In the rural areas of our 
country, loads are small and isolated, not justifying 
three phase supply on economic grounds. While ways and 
means have been adopted to overcome the excessive cost $  
the cost reduction in the existing supply has usually not 
been effective. Moreover, most of the loads in these 
areas need only single phase supply. Under these cir-
cumstances it is thought prudent to investigate the 
apparently less constly single phase earth return system 
which does away with cross arms, one metallic conductor 
and its associated insulation. 

Schematic diagram of the single phase earth 
return system suggested is illustrated In Figure 1. 
The entire electrification of such areas except the 

3 
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final distribution stage $  can.be done by a single phase 
single conductor line using ground as return and taking 
power from high voltage substation of a standard 3-phase 
circuit. The single phase isolating transformer isolates. 
the single phase earth return system from the 3-phase 
system. The final distribution is done by complete 
metallic circuit, consisting of three wire supply to the 
consumers, giving the advantage of two voltages$  220 
and 440 volts for domestic and motor loads corresponding 
to the .present three phase four wire system., 

The idea of using ground return for power 
lines is not a new one. Trial installation of the 'single 
phase single wire earth return systems were placed in 

X13 
service in 1950 by New Zealand • In the province of 
Manitoba in Canada hundreds of miles of rural lines had 
been installed using ground as return path. In the 

(2) 
U.S.S.R. 	the use of ground as third conductor in 
three phase transmission is widely applied in 10 KV, 

35 1i transmission net work. In India,, Bihar and 
Maharashtra State Electricity Board have installed, as 
an experimental measure, 11 KV single phase single wire 
line„ Although this system is used in many countries 
and 3s In experimental stage in some other countries, 
no information is available regarding the protective 
arrangements made and equipment used for the purpose. 
Moreover, the problems involved in the use of this 

b 



system have not yet been analysed completely. In this 
dissertation, the problems involved in the use of single 
phase earth return systems with particular reference to 
the conditions existing in India, have been studied in 

detail. 

The earth has been used as a conductor for 
electric currents since the very beginning of electrical 
engineering practice. But due to the following difficu-
lties, the use of earth return for power lines has not 
been adopted as a general practice a 
(1) Hazards due to the building up of voltage at the 

ground terminal due to high earth resistance of 
the terminal. 

(2) Interference with communication circuits using 

ground return. 
(3) Difficulties in relaying. 

It is of primary importance to see that the potential 
rise over the ground surface is not excessive and that 

life, of human being and animals is not endangered by 
such potential rises. The building up of the voltage 
at the ground terminal 'can be kept sufficiently low by 
obtaining suitable value of low earth resistance which 
is the root cause of the voltage gradients. 

Interference with communication circuits using 
ground return has been one of the most effective argu- 



merits against using a ground return for power lines. 
However, when the matter is viewed more realistically, 

it would be found that the interference problem is 

relatively less significant. 

The model tests have been conducted in the 

wooden electrolytic tank for determining the voltage 
gradient patterns due to different configuration 6f the 

grounding electrode and for studying the mutual inte -

ferenee with neighbouring communication line. Field 
tests have been conducted on the experimental single 
phase single wire line to establish the theoritical 
investigations as well as to check the results obtained 
from model tests." 

This system can be protected for overcurrent, 

and fusing or tripping would occur depending on the 
fuse/relay setting and the nature of the severity of 

fault. This system can be protected against high 
resistant earth fault, by superimposing d.c. on single 
phase a.c. with the circuitry such that d.c. would 
normally remain open circuited, but in case of ground 
fault path of the current would be completed through 
the fault and the d.c. would actuate a relay which in 
turn would operate a breaker. A simple static over-
voltage relay has been designed and developed in the 
laboratory to provide protection against hazardous 

voltage gradients. 

7 



Before implication of the scheme to the rural 
area, load existing in that area needs a thorough 
investigation. The use of the single phase system 
however seems to be handicapped because of non- 
availability of indegenous single phase motors of 
rating more than 2-3 H.P. The practical possibility 
of operating 3-phase induction motor, with proper 
phase conversion unit, on single phase supply is 
discussed in detail. A cost comparison of 3-phase and 
single phase single wire transmission has been worked 
out to show the savings in Initial investment. 

0 



BASIC CONSIDERATIONS 

2.1  THE BEHAVIOUR OF CURRETiT& FLOWING IN THE EARTH 

The earth is a body of three dimensions and therefore 

the beautiful simplicity of the linear wires by which electric 

currents usually are directed is lost. In the earth the current 

spreads out in the entire space,, and it is necessary to follow 

their path in order to analyse their performance in the underground 

2.1.1 	PATH OF THE EARTH RETURN CURRENT 

According to "Rudenberg 9  the flow of earth 
return current between two electrodes occurs in form of stream 
lines radiating in space from the electrode. This behaviour is 
particularly true in case of d.e. But in case of a.c. the distri-
bution is modified due to the inductive effect of the magnetic 
field, except very near the electrodes, where local resistance 
dominates. Further when the earth is used as a part of an 

alternating current circuit, the current seeks in the ground a 

path with minimum impedance. Hence a.c, return current through 
ground does not spread to as great distance as does d.c. but 
concentrates on path in closer proximity of the overhead line 
itself. 

If the current carrying conductor is arranged not 
in straight line but irregularly, the return currents do not 
flow back through the shortest path between the ground electrodes-, 
but always follow the trace of the conductor. By magnetic linkage 
with the conductor currents, they are attracted towards the line 
and cannot fringe out extensively. It indicates that ground 
currentsdo not spread out traversly through the territory in-
festing the earth over vast distance, but that they always follow 
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the path of the transmission line with all its detours. 

The ground path of the current has also a finite cross section, 

which increases if the resistivity of the soil is decreasing 

or if the frequency of the current is decreasing. 

2.1.2 Current Density 

According to "Rudenberg" the current density at 
any point on the surface of the ground at a horizontal distance 

y from the conductor is given by 

~ 
I 	-- I Ho (.Tj ky 	...............(2.1 

2 

where 

I =.Current in amperes carried by the conductor 

Ho . = Bessel function of zero order 
K = «/ 2irxlO' .W 

Resistivity of the earth in ohm meters. 
w 2srf 

The amplitude of the current density$ as given by 
equation (2.1) is plotted as shown in figure 2.1. It Is evident 
from the figure that the current density at the earth's surface 

is maximum just underneath the power line and goes on decreasing 

as the distance from the power line increases. 

2.2 IMPEDANCE OF EARTH RETURN PATH 

The problem has been considered by many investigators 

and a number of different solutions are available which, however, 
usually give similar numerical results for earth impedance. 

Since a consideration of each of these in detail would be too 

lengthy, it has been decided to give one in detail$ that due to 

*See Appendix I. 



"Rudenberg " which have been found to be reasonably accurate 

and the methods due to the others are beiefly indicated.' 

For determining resistance and reactance of the 

ground return path "Rudenberg " assumes: 

(1) the conductor to be placed at the centre of a 

hollowed cylindrical depression in the earth 

surface of radius equal to the height of the 

conductor above ground. 

(2) the earth has uniform resistivity. 

2.2.1 Resistance of earth return Path 

According to ''Rudenberg'' the effective resistance 

of the ground return current path is given by 

R ir2f x 10 ohms/kilometer *  

It is interesting to note that the resistance of 

the earth return path is independant of the resistivity of the 

earth. This paradox is explained by the fact that at high 

resistivity the current spreads out over a large area and at 

low resistivity is restricted to an area near to the conductor. 

Table w i 

Frequency, f 	25 	50 	150 	cpa.. 

Ground Re si s tanc e, R 0.025 0.05 	0.15 	Ohm/!' m. 

Diameter of return 
conductor, d 	3.01 	2.13 	1.23 	ems • 

Depth of return 
Path, D 	 1130 	800 	460 	Meters. 

Table I gives the return paths resistance R in Ohms 

*Saw Annatulir I. 
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per kilometer for various frequencies; and the diameter of a 
copper wire is indicated,, which has the same resistance as the 
ground return. Hence the ground replaces for power currents 
of 50 cps., a return conductor of about 20 nun. in diameter. 
2.2.2  jeactaneept the earth. return 32 liti 

In addition to the resistances  the ground currents 
experience a substantial self inductance. According to 
"Rudenberg" the self Inductance of the earth return path is 

given by L= 2 x log C-,-- r..... 'Tk;'' '  x 10 
henries/t. ... (2.3) 

where h = height of . the conductor above the ground. 
For h = 10 meters. = 100 ohm meters and f = 50 c/s 
the reactance of the ground return path works out to be 
nearly 0.28 .ohm/km. 

The self inductance as given by the above equation, 
is proportional to. length of the lines  depends slightly on the 
height of the conductor above the ground and to an even lesser 
degree on resistivity and frequency .0  these being under the 
logarithm of a square root. The self inductance of a fictitious 
conductor of diameter, d, and depth, D, under the surface„ the 
ohmic and inductive effect of which may be taken equivalent to 
those of ground return can be calculated. By comparison of the 
above equation with the self Inductance of such an Ideal return 
system, the equivalent depth can be calculated. The values of 
the equivalent depths  D. are shown in last row of the Table-- 1. 
2.2.3 Theoritical work of otherve 

B. 	i  tis...Thory 	
( 5) 

"Bresig" uses the method of the energy of the 
* See Appendix I. 
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magnetic field to deduce self inductance and mutual inductance 
coefficient of an earth return. He considers the conductor 
as surrounded on all sides by the earth, but the conductor talmn 
as of finite length. The inductance so calculated should be too 
low on account of the overestimate of the accumulation of the 
aerical field by the assumption of earth on all sides. 

Po1lpcz k's  

He makes somewhat the same assumption as " Rudenbergt' 
but takes the earth as a semi-infinite solid and the wire parallel 
to the surface and applies boundry conditions* He assumes that 
the electric force and current flow are parallel to wire and 
uniforms  and that the height of the line is small compared with 
other quantities. He obtains a Bessels differential equation, as 

'Rudenberg ", but develops some of the formulae by means of series 
integrals. 

Mp:tZr's Theory 

He deals only with mutual inductance of earth currents, 
not self inductance. He assumes that the earth is a conducting 
stratum 3OOw5OO meters In thickness, with a perfect dielectric 
of unit permeability and specific inductive capacity above and 
below. 
Carson's Theory 

He obtains a solution by means of periodic functions 
and Fourier integrals. with I ' Rudenberg '' and ''Pollaczek '' he 
assumes that the electric force is parallel to the line conductor 
and that the earth is a semiwinfinite solid with finite conductivity 
He determines the unknown functions by means of the conditions 
that at the surface of the earth both the magnetic field due to 
line and due to earth currents are continuous* His treatment 
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differs from "Pollaozek" only In the form of functions used. 
Each of these investigators has considered the 

surrounding medium (the earth) to be homogeneous and of uniform 
finite conductivity: The permeability of the earth and air is 
taken as unity,, and dielectric constants are not taken into 
account. 

2.3  EARTH RE&1STJ CE 

For the transfer of power through the earth, it is 
necessary to have ground electrodes, at each end of the line„ 
through which the current is conveyed to the earth. The resistance 
of the grounding. electrodes constitutes the major part of the 
total resistance. As a matter of fact when we measure the earth 
resistance of an earth*-electrode by the usual method of an earth-
tester we actually measures 

(1) The resistance of the conductor connecting the earth 
electrode to the system. 

(2) The contact resistance between the surface of the 
electrode and the main body of the earth. 

(2) 	The resistance of the body of earth immediately 
surrounding the electrode. 

The resistance of the conductor is a normal conductor 
resistance and can be dealth with separately. The contact resistanc 
has been found to be negligibly small,, and the main part of any 
electrode resistance is that of the body of the earth surrounding 
the electrode, 

2.3.1  General Earth Electrode 

In order to examine the nature of an earth resistance, 
consider the simple form of an electrode i.e. a hemispherical 
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electrode. Suppose a eurrent I is flowing into the earth 
through the hemispherical electrode. It will flow away in 
all directions aand'  if the return electrode is long ray 
away y  it will flow In all directions. So it can be considered 
that the current Is flowing in a series of concentric spherical 
shells of which one is shown in the Fig. 2.2 These shells 
are all in series and,, as the distance from the electrode is 
increased, the total resistance is increased but the cross-
section of the shell is increasing, so that the elements of 
Increase In resistance becomes gradually less. 

If an individual shell at a radius xs  has a 
thickness of dot, then the resistance of dR of the element 
is 

	

dx! 	dx  
2 iI x2  

and the total resistance upto a distance r*_ is 

	

J, l 	dx 	_ 	P 	 ... __  2 	2 i 	r 	r 

the total resistance, i.e. the resistance upto rl  = o is 

2 i r 

From the above equation it is evident that the 
resistivity of the soil is one factor, which mainly contributes 
to the resistance of the electrode and the size and shape are 
also important. 
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2.32. 	Eaz th-►  Resistivity 

The electrical properties of the soil in themselves 
are of interest and important;  particularly, the specific 
resistivity.Earth resistivity is generally expressed in ohm 
meters. The resistivity of a particular material, expressed 
in terms of this unit*  is equal to the resistance in ohms 
between opposite faces of a one meter cubic of that material. 

The electric conductivity of the material consti.. 
tubing the earth surface is very low, compared with the high 
conductivity. of the metals. Two main constituents of the earth 
are Silicon oxide and Aluminium oxide. Actually both of them 
are excellent, insulators. On the other hand, even a semiconductor 
may carry a considerable amount of current If only the cross 
section is large enough and in this respect the earth by its 
great depth presents no limitation. The main factors which 
determine the resistivity of the soil are s 

(1) the composition of soil i.e. geological strata. 
(2) the moisture content in the soil. 
(3) the temperature of the soil. 
(4) the mechanical composition of soil. 

2.3.2.1  Effect of the type of soil 

The type of soil is very important in determining 
the earth resistivity • Attempts have been made to co-relate 

(8) 
the resistivity with the geological age of the strata 
Although olden materials in general has higher resistivity*  
many exceptions were found. In the actual strata under the 
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surface, loam*  clay and lime stone usually have lower resisti-
vity, sandy and rocky material have higher resistivity. 

Some typical values of resistivity of some soils 
are s 

Tie ol  of l 	 22sistiyity In ohm m. 

Loam, garden soils eta . 	 5-50 
Clay 
Hard Clay 
Chalk 
Marsh 
Clay s  sand and gravel mixtures 
Sand and Gravel 
Slates, Shale, Sand Stone etc. 
Crystalin rocks 

2.3.2.3 	`heMo**turg Content of the Soil 

50 -150. 
90 -140 

2.2 -2.7 
40-250 

100 -6W 
200 -10000 

The amount of water present In the soil is a major 
factor in determining the earth-resistivity. t`xperiments have 

(7) 
proved 	, that even a trace of moisture in a sample of dry 
soil has a considerable effect in reducing the soil resistance. 
The manner in which the resistivity of soil varies with the 
moisture content is illustrated in Pig. 2.3. It will be 
notified that the resistivity at first, falls rapidly as 
moisture content is increased but after a value of 14 -15 per 
cent the rate of decrease becomes much less. 

2.3.2.3 	,ffeot of Salt Concentration 

As a matter of fact, the water alone without the 
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presence of salt is a poor aonductor.The resistivity of the 

water and that of soil is governed by the amount of salts 

dissolved in it, (Fig.2.4) . 

From the figure it can be seen that the resistivity 

of the soil decreases with added salt concentration. 

	

2.32.4 	,E~ffect of Temperat_ u~re 

The temperature of the soil has an appreciable 

effect on resistivity especially when temperature falls below 

freezing point. Fig. 2.5 indicates that the resistance increases 

sharply as the temperature goes down, but smooths out as the 
temperature rises. 

Figures are not available to show the effect of the 

mechanical composition of the soil in neighbourhood of the 

electrodes; but in general the finer the grading,, lower will 
be the resistance. Course grading does not provide for the 

retention of the same amount of moisture as is possible with 
finer materials, and this probably accounts for the high 

resistivity. 

	

2.32.6 	Variation of Resi.sttvtt with Seasons d ggatign 

Seasonal variations also affect the soil resistivity 

a lot, firstly due to temperature variations and secondly due 

to rain i.e. increase in ndsture content of the soil. During 

the rains the soil resistance is very small.Xt is not possible 

to allocate a definite value of resistivity to a given type of 



7A 81 E liE 

2:1 

C 

 

SPHERE 

R 	ohms 	 (z•K~ 
4rrr 

P =RESIST!VrrY OF THE EARTH I'4 ohms 
Y =RADIUS OF THE SPHERE IN meters 

ROD 

L 	2a 

P 
Rc 2'T1 [oge 9a -1Johms 	~`2•'g 

ALL DIMENSIONS ARE IN meters 

STRIP 

P 	4L 
R_4nLloge(w) 	(29) 

2 w - 

3i/T-- .-%/=`ai/ - , } 177Fi77-=/iii1 -:ii/ 177:= 
D' 	 PLATE ELECTRODE 

2 
Pp 	C240 

R- Ba ~ 4n0 - 

FOR SQUARE VERTICAL PLATE THE RESISTAN E I' 
?' 	f 	 THE SAME AS FOR ROUND PLATE OF T tiE AME 

AREA r ~ f 

B. RIED STRAIGHT HORIZONTAL WIRE 

0~2 

F - - 

21 —  ~I 

3 , 

R 4nLL 109eQL.ioge L t2t 	—~ -.0'2•fl, 
16L J 

EARTH RESISTANCE OF GROUNC ELECTRODES 



25 

soil*  as this varies with the location in which the soil is 
found. Furthermore the resistivity can change very rapidly 
with location, due partly to change of moisture content and 
partly to change in type of soil, 

2.3.3 	g3XTICAL REVIEW OF TRE DIFFERENT GROUNDING ARRANGE4ENTS. 

Effective ground connection Is the key to the 
successful operation of earth return for continuous flow of 
the current. And selection of the proper grounding electrodes 
is of prime importance to provide, the effective ground connec-
tion. 

The earth-electrodes which are generally used for 
grounding are s 

(1) Driven rods or pipes 
(2) Plate Electrodes 

(3) Strips 
(4) Buried Straight horizontal Wires. 

2.3.3.1 1riyen Rods or P&Res 

From the practical view point,a  where conditions 
are satisfactory, the most suitable form of electrode is the 
driven rod or pipe. The resistance of a single driven rod or 
pipe is given in the Table III. Curves calculated from the 
equation for the resistance of single driven rod given in Table 
II? are given in Fig.2.6. For rods of different diameters 
and for a specific resistance of 100 ohm meters, These curves 
show that an increase in length has a much greater effect.The 
best length of rod to use is determined by the nature of the 
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soil among other factors. If for instances, specific resistance 
tests indicate that there is an underlying stratum of lower 
resistivity a rod long enough to reach this should be used, 
so that benefit of lower resistivity can be obtained. 

The practical advantages of driven rods over other 
forms of electrode may be summarised as follows;- 

1) The low cost of driven rods when compared with 
other electrodes. 

2) Where the 'surface soil is sandy,, or where the 
permanent moisture is at a considerable depth, 
rods can be driven to much a depth as will . 
result in too much reduction in resistance. 

3) Seasonal variations are very much less with deep 
rods than with buried electrodes as such rods 
will be unaffected by drying out of the soil in 
summer or freezing in winter. 

4) If artificial treatment with a salt solution is 
considered necessary, the process is simpler with 
earth rods than with any other electrode. 

5) Quite a number of electrodes can be driven for 
the cost of single earth plate, giving for the 
same cost much lower earth-resistance. 

6) The connexion between the earth-rod and the 
conductor to which it is coupled can be quite 
simple and can be easily inspected and where 
necessary can be replaced. 

2.3.32. flats Electrodes 
The second type of earth electrode is the 
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burid plate.This was the earliest form of earth electrode 
to be used.In the past considerable use has been made of 
buried plates of 3' x 31  The resistance to earth of the 
buried vertical plate is indicated in Table III. 

Earth plates, due to the following draw-backs $ 
are being possibly replaced by driven rods. 

1) Cost of burying the plate is high. 
2) The connection between the earth plate and the 

conductor to which it is connected cannot be 
quite easily inspected,and is also susceptible 
to corrosion. 

3) Seasonal variations are much as compared to the 
driven rods. 

2.3.3.3  StEIR  Electrode: 
These electrodeslif in the form of strips are 

usually made from copper having section not less than 1" x 
which is preferably untined. 	 16  

2.3.3.4 ,Hurled StraighttHon zoatal Wire: 
In many situations,where It is desirable to 

obtain a ground of low resistance,it may be convenient to install 
a buried wire ground either by ploughing or hand trenching. 
Especially where rock is present under the surface the only 
solution is to use a horizontal wire buried at the required 
depth. Curves calculated from the equation for the resistance 
of buried horizontal wire given in Table III are shown In 
fig.2.7. These curves show that the depth of burial has little 
effect on resista.nce.It is necessary to bury only deep enough 
to prevent theft. 
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2.3.3.5 „pround E3.ectrode Material 
Copper is by far the most common metal used 

(15) 
for ground grid conductors, at least in the United States. 
Copper and steel is usually used for grounding rods.Copper 
in addition to its high conductivity,, has the advantage of 
freedom from under-ground corrosion, since it is cathodic with 
respect to other metals likely to be buried in the vicinity. 

'But in our country use of copper electrodes 
is a costly affair due to shortage of the metal.Many utili-
ties have reported the successful use of steel as material 
for ground rods and ground gridr conductors. 3ut it often 
requires some form of cathodic protection often in combination 
with galvanizing of the steel or use of corrosion resistant 
steel. 

Less frequently, aluminium has been used 
for grounding electrode,ln such cases the relativity high 
purity electric conductor grade is more satisfactory than 
most alloys. Use of aluminium,, like use of steel avoids con- 
tributing to the corrosion of the underground pipes etc. 
However,, the aluminium itself may corrode in certain soils. 
Alternating current corrosion of aluminium may also be a 
problem under some conditions. Hence, aluminium should be 
used after full investigations of the problem,,however, it 
Is beyond the scope of the dissertation topic. 

2.3.4 	;voltage dr_s g in the Jai round 

Assuming a single driven rod is used as ground 
electrode the voltage drop in the ground can be calculated 
as follows s- 
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or a length of ground rod- 10 0  diameter 1" 
and earth resistivity = 100 ohm, meter, the resistance due 
to ground electrode 	31 ohms. Let us take the length of 
the line as 3 Kilometer, then earth resistance per kilometer 
from Table 1 	0.05 ohms. Earth reactance per kilometer =0.286 

ohm. 
It can be seen that the resistance of ground is far greater 
than the impedance of the earth path& 

Total Impedance = 31 + 0.05 + J0.285 
= 31 ohms. 

For a current of 10 ampheres, the voltage drop is 

v = 31 x 10 = 810 volts. 

Hence for proving the voltage regulation, the transmission 
voltage would have to be stepped up. However, the voltage drop 
in the ground can be substantially reduced by reducing the 
earth resistance which is the root cause for the excessive 
voltage drop. 
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2.4 	 THE GRADIENT PROBLEM 

One of the natural effects of current flow through earth 
electrode is that a voltage gradient is present on the surface of 
the earth in neighbourhood of the electrode. The fundamental 
reason for this gradient is that the resistance of the electrode 
is not concentrated at one point but is distributed over the soil 
in its vicinity. However, the resistance of an earth electrode 
is not in itself sufficient to characterize the performance. 
It only defines the overall pc tential Leo  = RI which the passage 
of current I produced in an electrode in relation to earth at a 
greater distance. The potential Uo  is the integral of all the 
elemental increases which are met with when following any path 
from infinity to the electrode. Practical interest attaches to 
the potential between specific points along this path which may 
not be the electrode and infinity. In order to characterise the 
electrode completely it is necessary in practice to know the distri-
bution or the 'map' of the potential throughout the whole of the 
surrounding ground, taking into account its natural and artificial 
lack of homogeneity. 

2.4.1 	The simplest possible electrode is a sphere in the 
ground which Is symmetrical mail directions. It may be imbeded 
in the ground or only the lower hemisphere . It a current I flows 
through the hemisphere then the current density at distance x from 
the centre of the electrode is given by 

This produces an electric field strength in the soil equal to 

2 2w x 
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From this equation it can be seen that a considerable potential 

difference exists over a relatively short distance near the 
earth electrode.  

If a human being or animal is walking through such 

a surface field of electric potentials the body diverts some 
current from the earth and this may be sufficient to result In 

fatality. Actually this factor is rather a difficult to analyse, 

as the danger to living being depends on many circumstances. 
The pathway that the current traverses in its passage, is of 
extreme Importance in determining the magnitude of the shock 
hazard. If there are such vital organ as the brain the heart or 
lungs in the current path even very small currents result In 
fatalities. If there are no vital organs in the c~irrent path the 

resulting injury is less. A very common case is the flow of 
current between limbs (hand to hand or hand tc foot in the case of 

human beings) so that an important part of the current passes the 

heart. Moreover the shock hazard depends on the current magnitude,, 

duration, wave form; frequency and phase of heart cycle at the 
instant of shock. The last decade and half have seen considerable 
work done all over the world on the electric shock hazard. 
The following data,, has been given by several authorities 10,11,12) 
regarding the physiological effects of shock in order of rising ,. 
current flow at 50 c/s . 

1 mA can be perceived 

10 mA are painful„ with a somewhat greater current 
it becomes impossible to let go a firmly grasped electrode 

Unconsciousness may occur at 40 mA. 

100 mA may give rise to a fatal accident if it permits 



for one second or more - the regular functioning 
of heart is disturbed, fibrillation starts and does 
not recover by itself. A current of shorter duration 
produces fibrillation only if it conicides with an 
appropriate phase of the heart cycle. One or more 
amperes are less dangerous if applied for a very 
short period only - the fibrillation is oured itamediately 
after it starts, with longer duration, external and 
even Internal burns may occur. If the current passes 
thS centre of respiration (at the base 	the brain) 
the respiration may be disturbed. 
Direct current is a,little dangerous than 50 c/s 
alternating current. 
High frequency current is practically harmless apart 
from the possibility of burns. 

A current just below the threshold for ventricular fibrillation 
is the maximum to which man safely may be subjected. Based upon 
numer&us tests on animals of several species comparable in size 
with man,,, this maximum current is about 0.1 amp at 50 c/s. 
The resistance of the human body Is difficult to determine since 

it varies from person to person. Body resistance can range from 
few hundred to several thousands of ohms. For all practical 
purpose the body resistance is taken as 1000 ohms on an average. 
Dry skin is a good insulator, but does not withstand high voltages. 
With low contact resistance (e.g. wet hands„ wet shoes) less than 
100 volts may cause death. 

However, for all purpose of ascertaining the maximum 
voltage that can be withstood by a living being, 0.1 amp. is 
taken as the maximum tolerable current, 
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E STEP 

POTENTIAL AT THE SURFACE OF THE EARTH NEAR 

A CURRENT CARRYING ELECTRODE 

FIG 2.8 



2.4.2.1  §tet Voltage 
The electrid field strength produced in the soil due 

to current flow through the hemispherical earth electrode., as 
given by equation 2.11, is plotted in Fig. 2.8. When a person 
is walking on such a surface field of electric potential,poten-
tiai difference E step is shunted between two feet as shown s 
The current resulting from step voltage enters the body .,ria one 
foot and passes out through the other and may cause serious damage 
This step voltage is given by the line integral of the electric 
field strength over the width S. This is with the use of equation 
2.11. 

x+ s 
E3 =J e dx 

x 

 

.0........(2.32) 
N  

 

51 	r x + s 
x 

dx x2  

  

11 

2T 
S 

X( a + a ) 
.. ♦ . • . .. ( 2.13 ) 

At a distance x from the electrode$  large compared with the 
step width., 

Es 	ris 	................(2.i ) 
2x2 

decreases inversely to the square of the distance. 	In pro - 
xlmity to the electrode, the step voltage will rise to a 
maximum as given for 	x = D/2 by 

2 	S Es  
IT 	D( D t 2s ) 

Where D = Diameter of the electrode, 

S I 	......(2.15) 
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Thus the step voltage depends not only on the 
ground current and the distance from the electrode, but 
also on step width and resistivity of the ground, and increases 
with both these values. 

Actually the danger to living creature is not 
dependent on the voltage but on the current flowing through 
body. This current depends substantially on the resistance 
of the body itself, the magnitude of which 1s highly variably. 
The maximum possible current develops if the internal body 

resistance is small compared with x foot resistance on the 
ground. The foot resistance is 

. • .......(2.i6) 

where b 	is the equivalent radius of the creatures 
foot. 

2.4.2.2 	step voltpefor u 	n 

For a human being the equivalent radius of 
foot is usually 7 cros . on an average. The voltage drop 
by the body current through the resistance 2r due 
to both feet is given by the voltage taken over the 
step width 	S then the step voltage is 

Es a 	2r 	Ik(13) 	
• • • . s • ( 2 .17) 



Where ik is the body current from 2.17 

ik * 2E? 	 .......... (2.18) 

Neglecting the body resistance, which gives the worst condition from 

(2.16) 	- ,mob Edi 	 ,►......... (2.19)  

As has been seen already, the ,maximum fibrillation current is 
taken as 0.1. ampere at 50 cfs. Hence 3.f .ik = 0.1. 

,Tb 	 .......... (2.20) 

For a value of earth resistivity 	100 ohm in and b = 7 cros . 
Es 46 Volts 

Thus the voltage difference between the two feet of a man should 

not be more than 46 volts. For other soil resistivities the 

voltage is directly proportional to the resistivity. 

2.4.2.3 Saf~atglD volt&ge +fol: f3 imala 
In case of animals, step voltage is the potential difference 

shunted between the fore and hind legs. The path of the current 
due to step voltage for an animal Involves vital organa such as 
heart and lungs and relatively small magnitude of current may 

result in fatality. 

For animals step voltage Es is givers as 

Es= o.iS' 
2wb ...... • ... (.1)  

Assuming the average radius of foot of animal as 4 cm 
and earth resistivity = 100 ohm.m. 

Es 0 X  ~  = 40 volts. 

2.4.2.4 Touch Voltage 

Touch voltage is the potential difference shunted between 
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one hand and the feet. It is denoted by Etouch. In general 

this is the potential difference between the ground electrode 

and points on the ground one meter distant. The path of the 

current due to touch voltage involves such vital organis as 

heart and lungs. Many fatalities of operating, personnel haveq 

occurred due to touch contact. In this case about half the 

resistance of a single foot is effective and Etouch 2g. b - = 23 volts 

2.4.3 DETERMINATI(d OF POTENTIAL GRADIENTS 

In order to find out the step and touch voltages,) 
the potential distribution has to be determined. The potential 

gradient in the vicinity of groundelectrode can be determined 

by 

Analytical Methods. 

Model tests. 
Field Tests. 

2.4.3.1 	na1yticaL Method  
It is possible to compute potential gradients for 

simple electrodes in homogenous soil analytically. 

Potential gradient in the vicinity of driven read . 
The earth potential in volts at the surface of 

distance y cm. from a vertical ground rod or pipe of length 
L is given by 

I ' 	il 	
C .4 

V(y)  &in h L%9 	 .... (2.22 ) 

2I 	Loge 	-- when y <L .... (2.22) 

~ 	-- 	when 	y >L 	..... (2.2 4 

Fig. 2.3_ shows the curves which indicate the variation of 
earth potential as calculated from the above equations,, with 
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the distance from the electrode, for various lengths of the 

electrode. 

Potential gradient in the vicinityof buried horizontal wire 

For a wire of length 'L' buried at depth d the 

potential at a point on the surface at horizontal distance 'y' 

from wire and a longitudinal distance 'x' from a line through 
the midpoint of the wire is given by 

• .2. 	(14) V (x,y) ^ 22.og 	4 	2 + d 2 + x +L 

'j (x=L/2)'+y2 +d2J2+x- ,A ...(2.25 

V w,., Log [CL1 )2+y "~ d2 + i►/~ (o y 	wL 	(y2+ d2) 

n 	 2 12  + , 
V (oyo) 	Log 

d 

...(2.26) 

.,.C2.2?) 

,QIP log ~ - 	whe..L d < < L 

The maximum earth potential equals V(o,o) 

In the above derivations earth resistivity is assumed to be uniform 

throughout the surface. 

When there are number of rods or wires then the resultant 

earth potential is obtained as the sum of earth potential due to 
each, the current In each of equal rods or wires being taken as 

I/h. 

2.4.3.1.1 Drawbacks of Analytical Method 

In analytical method the caluculations become unduly 



complicated for any practical grounding arrangement. Any cal-
culated value is a good approximation due to non rigorous method 
and analytically the effect of varying the different parameters 
of grounding arrangement. By analytical method it is difficult 
to arrive at optimum ground electrode arrangement which will be 
most economical and suitable electrically. Also the resistivity 
of the soil throughout the different parts of current varies over 
a considerable range. The variation cannot be readily considered 
in the mathematical analysis and to that extent the accuracy is 
limited. 

2.4.3.2  Model Tests 

Scale model tests can be employed to determine ground 
resistance and potential gradient pattern of any grounding arrange-
ment. This method is discussed in detail in Chapter 3.1. 
2.4.3.3  Field Tests 

The voltage gradients can be determined by conducting 
the actual field tests.. This method will be discussed in detail 
in Chapter 3.2. 

2.4.4.  bETHOD& OFBELUCING VOLTAGE GRAADIENT& 

Dangerous potential gradients can be prevented by obtain-
ing a suitable low value of earth resistance which is the root cause 
of these potential gradients. Low earth resistance can be obtained 
by _ 

1) Deep driven electrodes 
2) Multiple electrodes 
3) Horizontal Buried wires 
4) Chemical treatment of the soil 
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2.4.4.1  Deep ryft.  

For a driven electrode the resistance decrease* as the 

length of electrode increases. From the fig+ ..6 it can be seen 
that the resistance to earth is considerably reduced if the depth 
of rod is increased to 15 feet. From a theoritieal view point 
the most economical installation consists of single rod electrode 
to whatever depth 1s zequired for the resistance desired. Site 
conditions,, however, are often unsuitable for deep driving. 

2.44.4.2  MULTIPLE DRIVEN ELECTRODES 

The resistance of a single driven rod is in general not 
sufficiently low and it is necessary to use a number of rod* 
connected in parallel. Considerable care has to be taken when 
this is done as rods so connected do not necessarily comply With 
the usual low resistances in parallel. This Is 'because the resin" 
taflce of any one rod is contained in a body of the earth surround-
ing it and#  if the full effect of the resistance in parallel 1s 
to be attained, the electrodes should be spaced enough away from 
each other so as not to overlap the resistance areas of their 
neighbours. In Fig. 2. 10 curve 1 shows the variation of resistance 
of two driven pipes distant apart. It can be seen from the ouxve 
that as the distance between the electrode increases resistance 
decreases rapidly at first and then more slowly tending towards 
a value R/t at infinite distance. Hence it becomes necessary, to 
determine what reduction in the total resistance can be obtained 
by connecting rods In parallel. 

This problem has been studied by many of the 
getors(i()  16  9, and various imperical formulas have been developed 
to calculate the total resistance that can be obtained by conne» 
.stir: rt da in ria, al1.s lnat.,e of ivina the mathematical formulae 



20 - 

0n ► 2 

t 
i f 

_ 	 g 	6 

4 

RESISTANCE OF MULTIPLE EL ECTRODES AT VAR!0U5 
SPACINGS IN TURMS OF PERCENT RESISTANCE OF 5/NGLE 

DRIVEN ROD. 

NUMBER OF - OD5 

F►y 2 •%I 



.4 6 

	

loo 	 1-— +~ N. 
	E 	r 

 -
r__ 

a  ~  t  

0 50 — 	 f  

	

40 	~` i , 	t 

1 

	

20 	-4 	} 	+ + + 
O 
 H 

Z 	N 

	

10 	 t 

z 	5 	~- 	t- t 	\ 	} 	j 1 

	

4 	I 	t r + ' 	\~ 	i 
} 

1 	1 	2 	3 	5 	10 	20 b0 40 50 	loo 

NUMBER OF RODS 

VARIATION IN COMBINED RESISTANCE OF RODS CONECTED IN 

MULTIPLE WHEN ARRANGED ON A STRAIGHT LINE OR A CIRCLE 

WITH SPACINGBETWMEEN RODS EQUAL TO LENGTH OF ROD. 

DASHED LINE INDICATES COMBINED RESISTANCE WITHOUT 

MUTUAL EFr- ECTS. RO' LENGTH 240 TIMES ROD 

RADIOUS AS FOR 5F T ROD OF 2DIA 

F'ig 2. s2. 



d-' 7 

to account for the above$  the curves have been prepared in this 

Chapter to show the characteristics of multiple driven rods for 

different arrangements. In Fig. 2.I0  curve 2 indicates the com-
bined resistance of 3 rods in a triangle„ in parallel„ curve 3 
indicates combined resistance of four rods in a square, in para-
ilel. Fig.z*tt gives the combined resistance of number of rods 
in percent of the resistance of single rod when they are placed 
at different spacing. Fig . z' j 2  gives the combines resistance of 
rods in percent of the resistance of rods, arranged In a straight 
line and in a circle in parallel, when the spacing is equal to the 
length of the rod. 

From the above figures we can directly determine the number 
of electrodes and spacing between them required to secure the 
required ground resistance. 

2.4.4.3  $ori ontal Burled Wires 

In the areas where rock is present at 3 or 4' below the 
earth surface the only solution for reducing the earth resistance 
is the horizontal wire buried in the ground at required depth. 
If necessary number of buried wires connected in parallel can be 
used to reduce the earth resistance and the potential hazard. 
The characteristics of the buried horizontal wire has already 
been discussed in 2.3.3.4. 

2.4.4.4  Chemical Treatment of Soil 
Where it is not possible to obtain earth resistance low 

enough, the resistance of the existing electrode can be decreased 
by means of chemical treatment of the soil in its immediate neigh-
bourhood. 

The effect of chemical treatment may be calculated as 
follows. 



suppose a hemispherical electrode of radius rl is 

surrounded by a medium composed of two layers each being 

homogenous and hemispherical in shape, the resistivity of 

the inner medium being P3 and its radius r2, The resistivity 

of the outer being f2 and being infinite In extent, then the 
resistance of the electrode is given by 

R2 ffi .gyp? 13Di', + PPr2 	ohms. _ - -  2wr1r2 

Let R1 - Resistance of the electrode without chemical solutions 

around its 

Then 

Rte 	CP2 - f1 )r1 ± P1r2 
Ri 	P2r2 

}~r~ 	yy~~ = ~rwrwlwr ■ Lri Y 

PQ (■̀r( 	 r 	-- 	C.Q. g,. 
2  ~ 

If P2 is much greater than P1 the equation can be reduced to 

R2 p1 
R1 	r2 

In otherwords the treatment merely increases the effective 
dimensions of the electrode of the material used in treatment 

has low resistivity as compared with the original resistivity 

of the soil. 
The chemicals generally used are 

(1) Sodium chloride 

(2) Calcium chloride 

(3) Sodium Nitrate 

(4) Magnesium sulphate 

(5) Copper sulphate etc. 



The selection of the above salt solutions to be 
used depends largely on cost, availability and the corrosive 

effect of the chemical.The salts have, of course,a tendency to be 

absorbed by the surrounding earth so that the reduction in resis- 

tance may not be permanent but may last a few years, and then 
(17) 

needs retreatment. Clarke and Watkins 	propose the use of 

the following chemicals for permanent reduction in earth 

resistance. 
1, Methylenebisaorylamide ( commonly known as 

Acrylamide) 
2. Silicate gels 

3. Copper Ferrocynite gels 

4. Graphite and water. 
The use of the above chemicals have been relatively 

costly. 

2.4.4.5 Fencing of the ' Ground in System. 

The grounding system should be properly enclosed 

by fence, Zo keep unauthorised person at safe distance*Wooden 

posts should be used for this purpose. If the metal posts are 

used then the buried portion of the post would be at the potential 

of the ground. This would be transformered to the fence above 

ground resulting in a considerable touch voltage. 

~g 
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2.5. 	INTERFERENCE WITH TELECOMMUNICATION LINES 

The use of single phase single wire line with earth 
return, in close proximity to overhead telecommunication lines  
will result in a measure of interference with the telecommunication 
system by virtue of the deliberate use of the earth return path 
for load currents. 

2.5.1 

The coupling between a power line carrying alternating 
current which returns through earth and the communication con-
ductor parallel to it is of two fold nature. In the first place 
the communication conductor lies within the aerial field set up 
by the current in the line. The induction due to this field is 
however small'  and at a distance from the power line negligible. 
Secondly the return current produces a potential distribution 
through the earth, caused not only by the resistance of the earth 
return path, but also .by the alternating magnetic, field, of _ earth 
currents. Thus the e.m.f. appearing on the communication condu-
ctor will depend on its route between the two points at which it 
is connected to earth in relation to the path of. the earth current. 

2.5.2 Ionitudina1 Voltae the 	 t 

If at a distance y meters a telecommunication line runs 
parallel to the transmission line with current I returning through 
the ground, and the two ends of the secondary line are directly or 
indirectly grounded„ then according to "Rudenberg "longitudinal 
voltage developed over a length L kilometers of this line is given 
by 	

e 	w .I L Ro  W J 	l0 volts - - - - - C 3°) 



N 
U 
O 
LC 

II 
•a- 

Z 
a: 
I--  
W 
a  
D 
Z 

0 

f~—  

(I)  
W 
Z 
-J 

Ui  

U 

w 
00 
Ui 
U 
Z 

F- 
U 

O 
z 

Wa 

1-- 

cel 
ID 

0 
0 
0 
0 

0 

N 
Lx 
W 
I- 
4cd 

z 
z O_ 
I- 

W 
CL 
W 
u') 

w 
0 

Lu 
U 
Z 

I.- 
11) 
0 

HHt 
FA 

t 

F 

N 	 - 0 	0 

wit/uw IwI 

51 



5a 

Where Ho = Bessel function of the order zero. 

K 2f ?~ 10 
F 

This is a voltage of mutual effect between the two lines caused 

mainly by action of ground return currents and their magnetic 

field. 

Following the concept of mutual induction, we can 

express the amplitude of the induced voltages as 

e=wm'LI  

Where m -i Mutual inductance per meter length of the line. 

Thus we obtain from Eq.(2.3o) as mutual inductance per kilometer 

length. 

m=irHa 4Jj1'r)x10 	Henries _ ----(.2.3z, 

The value of in depends not only on tto geometric position 

and form of the two circuits, but also on the frequency of the 

alternating current and the resistivity of the ground._ For 

moist soil of resistivity F = 100 ohmm for dry soil ,P 1000 ohm 

and for bedrock of P = 100,00 ohm m, the mutual inductance an 
of Eq. (z • s&) is plotted in Fig . Z. i 3 against distance, the latter 
being shown in meters for frequency of 50 */s. The units are 
given in millihenries per kolometer. From the curves shown in 

Fig.z.151t can be seen that for moist soil the mutual inductance 

is reduced to a relatively small amount at separations of some 

hundreds to thousands of meters., this takes place for bedrock 

only for separations of s&me thousands to ten thousands of 

meters. From the Fig. 	It can be seen that the value of in 

decreases to an insignificant figure as the distance between 
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the two lines increases beyond 800 meters. 

This problem of mutual interference with communicant 

tion line has also been studied by Bre sig, Mayor and Pollazek 

in Europe, and by Carson in America. As it 1s not possible to 

give details of the work of these investigators, the values of 

the mutual induction between the power and communication line 

obtained by the above investigators have been compared. Fig. -Z • iii 

shows the variation of mutual induction with separation from 

power lines  on the assumption that both induced and inducing 

lines are 6 m above the surface.. The curves have been caleu-

lated according ta five different methods. For those marked 

'Pollaczek' " "Rudenberg" and "Bresig" a uniform earth 
resistivity equal to 200 ohms.m. was assumed and in the case 

of Mayor conducting layer 400 m. deep of resistivity 200 ohm. 

meters. The basic assumptions assumed in the analysis by the 

authors have already been described In 2.2.3. From these 

curves it can be seen that the results due to 'Carson' and 
'Po12aczek'' are identical. The curves of the Fig. z'" l are 
in close agreement for smaller values of separation. At 
1000 meters they have maximum difference of 50 per cent. 
In 1925 the Comite Consultatif International directed that 
Rudenberg's formula should be used for the calculation of 
mutual inductance in the case of a parallel, between a power 
circuit having an earth connection and a communication circuit. 

2.5.3 	Magnitude of the Voltage Induced In the Communieatio: 

If at a distancd of 100 meters, a communication line 
runs parallel to the transmission line with current of I amps 
returning through the earth of resistivity P = 100 ohm.m., 
then using Rudenberg's formula the mutual inductance from 
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fig. 	m ec 0.44 mh./km. 
Therefore the voltage induced in the communication line, 
from equation 

-3 
314 x 0.44 x I x 10 

x 0.1381 
For a ground current of 10 amps. 

e = 1.38 Volts. per kilometer. 
Obviously this voltage is insignificant. 
According to C.C.I.T.T, regulations under normal conditions 
this induced voltage should not exceed 60 volts. Considering 
the above specific cases  if the voltage is to be within 60 

is 
volts . the current limit is 43.5. amps which far large . from 
the considerations of safety in the power line itself. 

Taking the load current passing through the ground 
as 10 amps, we can calculate the minimum distance of separation 
to be provided between these two lines so that the voltage 
induced in the communication line will not exceed 60 volts. 

20 
30 
40 
60 

100 

40 
92 

200 
Boo 

This problem of mutual interference can be well 
studied by conducting the model tests on the scale model of 
the two lines in the electrolytic tank. This method will be. 
discussed in Chapter 3. 
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3.1 MODE, TESTS: 
The object of the model tests has been to 

represent the earth return path of a single phase earth 
return system of approximately 240 meters length. The 
problems studied were 

(1) Voltage gradient patterns along the earth 
return path due to different configuration 
of earth electrodes. 

(2) Voltage induced in the neighbouring communi-
cation line, represented by a scale model 
and to study the effect of distance of 
sepe-Cation between these two lines on 
degree of interference. 

3.1.2 	Outline of the Schemes 
A model test method involves the following 

factors s- 

U) 	A large container called electrolytic tank 
open at the top and filled with proper electrolyte. 

(ii) Scale model of the configuration of grounding 
arrangements. 

Scale model of the neighbouring line 
Current and voltage sources of appropriate 

magnitude. 
Measuring voltages and currents. 
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3,1.3 	The Electrolytic Tank a 
The wooden electrolytic tank has been built for 

(18) 
conducting the model tests. 	Taking the ratio of model 

to actual as 1 % 40 to represent earth return path of 240 
meters, it is necessary to have length of the tank 6.00 meters. 
This length of the tank is also necessary so as to keep the 
model electrode and remote current electrode at a sufficient 
distance so that the field of the Model electrode is not 
affected by the presence of the remote electrode.The electro-
lytic tank is rectangular having inside dimensions 8,►13x1.8x1.14 
meters. The construction of the tank can be best, appreciated 
from fig. 3.1. It has been made from 4 cm thiek.Kelwood with 
proper joints which have been scaled with white -lead to make 
them, water-tight# This wooden tank has been enclosed in a 
steel frame which serves to maintain requisite pressure and

•resist the bulging of wooden walls due to lateral thrust of 
the electrolyte in the tank.The Inside of the tank was first 
imprignated with linseed oil and then thoroughly_ painted with 
white-lead paint so as to stop the water leakage. 

3.3.4 de of Studies in the EZectroltic $ 

3.1.9.1 	Earth  s 
When the earth is assumed to be of unifor 

resistivity It can be represented by a suitable electrolyte 
in the tank. The tap water has been used to represent homo-
genous medium of earth. The conductivity of the electrolyte 

can be varied by addition of the salt. 





Generally, the earth Is not homogenous and con-
siats of multiple layers of widely different resistivity. 
The influence of uniform earth resistivity on the voltage 
gradients can be studied in the two layer electrolytic tank 
with controllable layer depth and resistivity.Miicture of 
sand clay and graphite powder placed at the bottom of the 
tank can be used to represent the lowest layer of the non-
homogenous earth and upper layer can be represented by tap-
water. However, the studies were conducted assuming the earth 
as homogenous and having uniform earth resistivity, 

3.1.4.2  F arti Rleotrodes  s 

The resistance of hemisphere imbeded at the sur-
face of uniform soil is R = 	-- discussed in 2:3:1 

2 TT r. 
and for a driven ground rod a good approximation is 

R a ...... P ...... Loge  (_:.te 	3  ) a = 	C  
2L Tr 

As the resistance is proportional to earth resisti-
vity and inversely to the length, it is possible to use scale 
models of electrodes in the electrolytic tank to simulate 

(19) 
actual electrodes. 	It is evident from the above equations 
for electrode resistance that the resistance is determined 
primarily by the largest dimension, i.e. length of the electro-
de. Hence in model tests lengths should be accurately to scale 
but the exact diameter of the model electrode is not too 
important. Adopting model to actual ratio as l s 40 a rod 
electrode 4 meters in length and 2 cm. in diameter should be 
represented by a model of 10 oms in length and 	cm in 
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diameter. But it is difficult to construct rigid models 
with such smaller diameter wires. Hence a higher diameter 
wire, 16 gauge, has been employed making the model structure 
more rigid. The model electrodes were attached to the piece 
of insulating material and their depth of immersion was varied 
manually. 

	

3.1.4.3 	eDresentatjon of t neighbouring Lin s 
' The earth return path of the neighbouring comml-

niCetion line has been represented by two electrodes spaced 
at a distance equal to the length of the communication line 
and parallel_ to the power line at required distance of separa-
tion. The distance of separation between these two lines can 
also be varied at will, 

	

3.1.4.4 	-ex, .mental Set -u 
Schematic, diagram for the experimental set-up 

is shown in fig 3.2 . Low voltage variable supply is given 
to the system.The probe, an exploring electrode, has been 
used to simulate the surface contact with electrolyte for 
measuring surface gradients.An insulated wire,, with the 
insulation cut back about 0.25 em, has been used as the 
probe. The probe was mounted on a movable carriage as shown 
in fig. 3,1 which enables the point of the probe to be 
moved on the surface of the electrolyte,The current in the 
model electrode was kept below 0.2 amp so as to keep down 
polarization at the •lectrode,The surface potentials have 
been measured with vaccum tube voltmeter. 
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3. E4  EXPERIJiENTAL RESULT$  : 
The surface potential distribution for the 

single driven rod, multiple rods in different configuration #  
plate electrodes and buried horizontal wires was studied. 
Surface potentials were measured along the dotted line towards 
the remote electrode. The results obtained are shown in the 
Fig. 3.3. to 3.13. In all the surface potential curves, dis-
tances from the reference point towards remote electrode are . 

plotted on x axis and the surface potential on y axis. 
The model ground current was kept at 0.1 ampere throughout the 
experiment. 

The resistivity of the electrolyte i.e. tap 
water with added salt was measured by the conductivity meter. 
The resistivity of the electrolyte during that particular experi-
ment is indicated in the respective figures. 

3.1.6. 	DISCUSSION QF TIDE RESU $S 

3.1.5.1 surface »otential lst4butipn a1orgth. route of he Ltpe 

Fig. 3.3 gives the surface potential distribution 
for driven rod of 5 am used as the earth electrode at both 
ends.It can be seen from the figure that the surface potential 
increases as we go away from the sending end electrode.This increa 
In surface potential is appreciably high in the vicinity of the 
electrode . After some distance the surface potential becomes 
nearly constant.As we approach the remote electrode the surface 
potential again increases and attains the maximum value at the 
remote electrode.  

G3 
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3.1.5.2 	DIsTRIBtrIo OF SURRACE POTENTIAL NEAR . E TH  

ELECTRODE DRIVEN  ROD : 

',Faftect of tenth ofRgd- 
In fig. 4.4 curve 1 gives the surface potential 

distribution for a driven rod of length 6 cros(2 meters in 

actual) and curve 2 gives the potential distribution for a 

driven rod of length 10 cros.( 4 meters). It is evident from 

the curves that the use of 10 ems ( 4 meter) rod electrode 

has only negligible effect in reducing the potential gradient. 

It can be observed from the curves that very high surface 

potential exists in the vicinity of the single driven rod. 

Hence the shock hazard due to touch potential is greatest 

with single driven rod and hence the use of single driven rod 

should be avoided„ 

Fffectt~ of depth gf burial- 
Fig. 3.5 shows the effect of depth of burial of elec-

trode on potential gradients.Ourve 1 gives the potential distri-

bution for a single driven rod buriOd to a depth of 0.5 cm(.2 meters 

below the earth's surface and curve 2 shows the potential dis-

tribution for the rod buried to depth of 2 cm.(.8 meters) below 

the earth's surface. It can be seen that deeper burial reduces 

the step voltages further but increases the touch potential. 

Effect of Configuration - 
Fig. 3.6 illustrates the potential distribution for the 

different configurations .Curve 2 gives the potential for three 

rods placed at the nodes of •qu1tate , triangle of 10 em sides 
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SURFACE POTENTIAL DISTRIBUTION FOR BURIED HORIZONTALWIRE 

EFFECT OF LENGTH OF BURIED WIRE 
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and curve 3 shows the potential distribution for four rods 
in square of 10 em sides and connected in parallel. 

It is evident from the above curves that by employing 
either a triangular or square configuration potential gradients 
can be reduced to considerable extent. 

In fig. 3.7 curve I gives potential distribution for 
6 rods arranged In regular hexagon of 10 cm sides and 
curve 2 gives the potential distribution for the some rods 
arranged in straight line with distance of separation of 10 cm 
between two rods.These curves show that there Is slight decrease 
in the surface potential when the rods are arranged in straight 
line. 

Fig. 3.8 shows the distribution of surface potential 
for a M.f.Plate of size 5 cm x 5 cm ( 2m x 2 Zn) . It can be 
observed from the graph that the nature of potential distribution 
is similar to that for driven rods ,From the curves in the figure 
3.8 it is seen that increasing the depth to which the plate is 
buried decreases the surface potentials.Fig. 3.9 shows the effect 
of the area of the plant on potential dlstribution.The increase 
in area of plate decreases the surface potentials. 

The curves in fig.3.10 show that* + using two plates in 
parallel results in reduction of the surface potential. 
Rari. ggattai buried wires  s• 

Fig. 3.11 shows the surface potential distribution for 

t13 
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horizontal buried wires of length .2d cm and 40 ems buried 
to a depth of 1 em. It is evident from the figure that 
the length of the buried wire decreases the surface 
potentials. 

In Fig. 3.13 curves 1 to 3 give the surface 
potential distribution for two 29 ems. long buried wires 
at right angle and four buried wires 20 cam long in the 
four point star. From these curves it is evident using 
4 radial wires decreases the touch potential as well as 
the step potential. Curve 2 gives the surface potential 
distribution for two wires of 25 cm length placed at an 

0 	 0 
angle of 45 , It Is observed that for this 45 
configuration the potentials are slightly reduced as  

0 
compared to 90 configuration. 
3.16. Current distribution in the earth retirna 

Fig. 3.14 gives the voltages between two 
electrodes placed 20 cm apart and at various distances 
from the transmission line but at considerable distance 
from the ground electrodes provided for .carrying current 
of the power line to the earth. The voltage between 
these two points or electrodes is directly proportional 
to the resistance between them and the current flowing 
there. As the electrolyte is having uniform resistivity 
one can say that this voltage drop is proportional to 
the current flowing through the earth at the point. 
Hence from these measurements it can be said qualita-
tively that the current distribution in the earth return 
path will also be of the same nature as is given in 
the figure. 
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3.1.7 	Interference with the communication line: 

Fig. 3.15 gives voltage induced in the communication 

line of length 160 meter running parallel to power line 	at 

various distance of separation.The model current flowing in the 

power line was adjusted to 0. 1 amp. and the voltage induced in 

the model telecommunication line by vaccum tube voltmeter, From 

the fig. 3.18 it is evident that the voltage induced in the 

communication line depends largely on its distance of separation 
from the power line.The voltage induced In the communication 
conductor decreases with the increase of distance of separation 
in accordance with the curve. However, the induced voltages 

obtained in the model tests are higher than the theoritical 

values.This may be due to the effect of the field around the 

sending end and receiving end electrode of the power line.1n 
theoritical treatment of the problem the effect of field around. 

the electrodes conveying power current to the earth has been 
neglected. 

3.1.8 Aflnl3cation of Test Resu1 s * 

The relationbetween the resistance of the grounding 
system ( model or prototype) the length of the conductor and 

the average resistivity of the homogenous media(eleetrolyte or 

soil) is as follows I 

(20) 

C' 	Ppp...„ 	(3'Z) 

and 	Rm 	P _ 	
C3. 3) 

Where suffix P and M denote parameters for prototype and model 

respectively. Similarly the relation of the surface potentials 



for the model and prototype is given as s 

'p 1  p 
E  

LP  

I 

	

and -.--M- 	- 

Therefore 	E 	rp 	LM 	lP ....r. = .. mwft . a ,r -- X  ,,...... - - - 	C 
M 7M 

Where X. and I , 	denote durrents for prototype 

and model respectively, 

For the model to actual ratio adopted for model 
tests 

B 7 40 I 
___ _ ,,...P x — X  ....P . 	_ _ - - (5.7) 
EM 	FM 	1M 

By the application of this formula the results 

obtained in the model tests will be compared with the result 

obtained in the field studies in the Chapter 9,2 

n9 
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3.2.1 	 The experimental single phase single wire 
line with transformers eta was erected in the University premises 
to study the problems involved in the use of this system.Before 
studying the actual performance of the line it is of prime 
importance to have thorough knowledge of the resistivity of 
the earth in that area and hence the survey of earth resitivity 
was undertaken for the area in which the experimental line has 
been installed. Different types of ground electrodes were ins-
tailed in the area both at the receiving and sending ends of 
the line. The resistance to earth of these various electrodes 
were measured, The voltage gradients for these different 
electrodes were measured actually by passing current through 
them. The determination of the resistance and reactance of the 
earth return path is important from the point of view of loss 
and regulation in such system. Test has been carried out to 
determine the impedance of the earth return path of the single 
phase single wire line. 

3.2.2 Exerimentgl Single aee Zarth.to 	$ 

Length of the line .. .. .. 240 meters 
Conductor 	.. .. .. 8 SWC G.x .WIRE 

Transformers 
Sending end 

Receiving end 

• • ♦ • s • 230/1250 Volts .10 KVA 
Sacis.Single Phase 
Transformer. 

.. .. .. 1250 Volts/230 Volts IOKVA 
Socis Single phase. 





Supports 	.. .. .. .. 	Wooden poles 241  high 
above the ground. 

Span 	.. .. .. .. 	50 meters. 

The single conductor was carried over the insulator 

which was mounted on the pole with the clamp as shown in 

fig 3.16 

3.2.3 MEASUREMENT OF EARTH REBISTIVITYs 

The specific resistance of the earth can be 

mersured in the following manner.Four electrodes are driven in 

the ground at intervals 	a 	meters as shown in fig 3.17 . 

A current I amperes is passed through the soil between the 

outer electrodes, and the potential difference V volts between 

the inner electrodes is measured the quotient V/I gives a 

resistance R. Then the specific resistance in ohm meters is 

given by the formula 

f 	= 	2., rr aR 	Ohm C'n 

The depth al the electrodes are driven in the 

ground must be small compared with a • Different types of 

earth testers, based on the above principle,are available. 

The earth tester type DW was used to measure earth resistivity 

of the area in which the experimental line was put up. The 

measurements were taken from time to time during the 8 months 

period i.e. from Jany to August 1965, Fig.3.18 shows the earth 

resistivity variations for the above mentioned period. The 

highest temperature was observed in the month of Juneythe soil 

was almost dry and hence the earth resistivity was the highest. 
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On the other hand in the month of July measurements were taken 

when the soil was very much wet after a continuous rain for 

two days. 	a 

EcZ 	 ! 	.-T i 	= ♦ 	s i 

The resistance to earth of the different electrodes, 

installed at the receiving and sending end of the line„ was 

measured by the same I M 9 earth tester which used for 

measuring earth resistivity but connected as shown in fig.3.17(b). 

The results obtained are Indicated in the following Table. 

.-TALE 
S------------------ — — 	 +r. w.r ---- ----r---- r — 	S 55 Sr+lw —w  

Type of Sle~atrode Measured Value Calculated value 
of resistance of resistance to 
to earth of earth of the 
the el

~y

ectrode 
IY 

electrode Driven pipe 	Length  

r 

	

r. r.rrr.._a.r..rVKsrsr_rr__ 	rrr.r.nrrr.r.t rrrrwr~wr 

(In meters) 
Driven pipe 
3.6 c (1.5")dia. 	1 49.88 48.5 

2 30 28 

3 21 20.2 
4 15 15.95 

(Spading between the 
Two driven pipes 	It. , pipes) 
in parallel - 
length of each pipe- 	1 meter 18.6 17.7 
2 meters. 

2 " 16.8 15.4 

3 	" 14.4 14.8 
4 	' 14 14.5 
6 	" 13.8 14.35 

Three driven pipes 
on equilateral 	3. 	n 15.5 14.2 
triangle and connec- 	2 	" 13.2 11.3 
ted in parallel 	3 	" 11.0 10.5 
length of each pipe 	4 	" 10.8 10.0 

=2 meters. 	6 	" 10.0 9.8 
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(Table 	contd 

.w ..wr~rr.r...r r. rrr _~r..._.r .. .r ~.___w—_~w...~r «`r.sr__----_.. ----~►—a. -------- wb r~r~~ 

on square an.d in 
parallel -
Length of each 
pipe = 2 meters. 

Four drivenipes 
in straight tine 
,And n parallel. 

Rectangular tM 
M-3 Plate buried 
vertically depth- 

Two M.S.plates of 
in parallel - 
distance between 
the centre of the 
plates. 
Untal l3uri e d 

~*e 
buried 40 meter 
the surface. 

Two copper wires 
buried at angle 
and In parallel. 

Two copper wires 
buried at angle 
with each other. 

Two buried wires 
in parallel. 

1 Deter 

3" 
411 

6" 

1" 8 :1 
41$ 

1 xl}p 

12 

3.0.9 
9 
8.2 

8 
11.8 
3.0.3 
8.5 

28.5 _!'L- 

11.2 

9.9 
8.'3 
7,96 
/.82 

26,48 .fL  

i z 1 m 
16 1- 	15.6 -V%- 

2 meters. 

below 20 meters 7.8 
10 meters 12.92 
30 meters 40,8 

0 	10 meters 10.1 
X9:5 

0 	 9.8 
90 

20 meters 4.2 

6.48 
11.2 
42. 

9.6 

3.8.5 

a 

-- __n __.....__....-___-___-._.»,......._...._.._.. _..,..._ _ 	-  -  

From the above table it can be seen that the 

calculated values of the earth resistance and the measured 

values are nearly equal.The higher resistance during the experi- 

ments may be due to improper contact of the soil with the test 

electrode. 
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3.2.5 	Determi ation of Resistance and Reactance of 

• 

Fig.2.18 B shows the circuit diagram for measurement 
of resistance and reactance of the earth return path. One 
wire was connected to the neutral of the transformer at the 
sending end and brought at the other end. A variable ratio 
auto-trans:ormer was connected to the ground through a cap&-
citor. 

The voltage drop between AE AN and EN was measured 
with the vaccum tube voltmeter. The Ground current was 
va-ried by adjusting setting.  of the auto-transformer. Vector 
diagram shown in the figure, was drawn for each and the 
corresponding values of resistance and reactance of the 
earth return path wire determined. The total local resistance 
at both the ends was measured and was found to be 9.4 Ohms. 
The results are indicated in the following table. 

Current Capaci. Voltage Voltage Voltage 
Amps. tance drop dtiop drop RT RC RSA uF between •between between ohrn AE NE AN 
1 .250 12.5 :9.5 25,45 .9.45 9.4 0.05 0.1 
2  250  25 19.0 30.5 9.50 9.4 0.1 0.l 
3 250 37 28.5 46.5 9.55 9.4 0.10 0.1 
4 250 49 37 61.5 9.45 9.4 0.05 0.1 
5 200 31.5 19.5 37 9.45 9.4 0.1 1 

Local resistance at RC 

	

= both the ends. 
RT 	= Total resistance of the earth return path. 
FS 	= Resistance of the soil = ( % - 	RC  ) 

M 
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Fig. 2.18 A indicates the another method for 
determining the resistance of the return path. Low voltage 
supply was given to the sending end transformer. At the receiv-
ing end, the adjustable point of the auto-transformer was 
connected to the ground B through ammeter and current coil 
of the wattmeter. F is another earth terminal removed about 
100 feet from B, The current was varied by adjusting the 
settings of the auto-transformer. The results and indicated 
in the following table. 

Measurement Voltage Measurement• Local Re- Resistance 
Current 	to E between to F s stance, 

a 	0  
of the 
earth retu Terminal G and R 

VG 
Terminal vGB  

V1 	Wl R1 w1/ Z V2 	W2 	W Rl_ 
(R2+RE ) 

2 	30 	60 	15 27.0 8 	5.5 	1.38 13.5 0.12 Ohm. 

3 	44 122 14.67 40 
4 	60 240 15 54.5 
5 	74 368 14.72 67.0 

9.5 1.1. 1,28 13.32 0,05 

12 21 1.31 13.62 0.06 

14 32 1.26 13.4 0,06 

The results obtained from the above two methods show 
that the resistance of the earth return path is 0.06 Ohm (avera-
ge) and the reactance as 0.1 Ohm, The measured values of the 
resistance and reactance of earth return path are greater than 
the values found out analytically. 
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3.26 	Measurement of surface iatentjals the El tr 

Fig 3.19 shows the circuit diagram for the measure-
meat of surface potentials around the electrode. Probe electrode 
i.e. M.S. nails were used to simulate the surface contact with the 
earth.Voltages were measured with the vaccum tube voltmeter. 

Exn+srimental Results and Discussion: 

The surface potential distribution for the single 
driveirod, rods in multiple, plate electrodes and buried hori-
zontal wires, was studied . The results obtained are shown in 
Figs 3.20 to 3.26 	for convenience all the surface potentials 
were measured for one ampere ground current.xn all the surface 
potential curves, distances from the reference point towards 
the remote electrode along the reference line shown dotted 
on each figure, are plotted on x axis and the surface poten-
tials on y axis The resistivity of the earth was measured 
by I M V earth tester and was found to be 70 ohm meters. 

From all the curves shown in the figures it can 
be seen that nature of the distribution of surface potential 
around the electrode is similar to that of obtained by model 
tests. Instead of discussion again the results obtained for 
each case which has already been discussed in 3.1,E  here the 
results obtained by both the tests are compared.lt has been 
seen in that the relation of the surface potentials for the 

model and prototype is 

U 



For the model to actual ratio of Z s 40, model ground 
current T! a 0.1 amp and Im. (field) * 1.0 amp 

EP 	P P 

EM 
	 40 	10 	 V 

4 

Taking the specific case of single driven rod of 2 meters 
length, resistivity of the electrolyte during the test-17.0 ohm 
meters and the resistivity of the earth as 70 ohm meters. 

From this relation the surface potentials L p  were 
determined for this particular case and were compared with 
the surface potentials obtained during the field tests as shown 
in the fig. 9.235 Similarly results obtained for other eases 
can be compared. 

From this figure it can be seen that the surface poten. 
tials obtained by model tests are less than the actual potential 
obtained by field tests.This difference in the two results may 
be due to error in measurements , non-homogeneity of the soil 
and some error due to leakage of electrolyte through the 
tank walls. However, in general the results obtained from model 
tests nearly agree with those obtained from field tests and 
can be taken as a guide to study the gradient problem. 

Cj2 
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PROTECTIVE 8th", E 'S 

4.1  This system can be protected for over current 

and tripping or fusing would occur depending on the Relay/ 

Fuse setting and the nature of the severity of fault. The 

chances of fault on such lines will be much less in camps-., 

rison to other usual lines* as there will be no chances of 

short.- circuit between the conductors or with cross arms . 

Faults most likely to occur on such lines would beastth ~. 

faults. It is also essential to provide protective scheme 
for preventing potential build up near ground electrode, 

4.2 Protection pgpjnst hi reistanoptfaults:  

4.2.1  If there is a high resistance earth fault on 

such line then the fault current would be lesser than the 

load current and the fuse would not blow or the over-current 

relay would not trip and the fault would continue to be load 

on the line. However* it is practicable to provide an effective 

protective scheme against such faults on this line. 

This scheme is illustrated in Fig. 4.1. D.C. 

potential is super-imposed on the power line. D.C.Souroe and 

the relay is connected in series with a tuned circuit or a 

highly inductive choke, to reduce the alternating current 

flowing through the relay. Capacitor is connected between ground 

and ground terminal of the transformer at the receiving end 

as well as at the sending end. These capacitors block the 

flow of D.C. from the normal path of the current. In normal 
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• conditions the path for the d.c. will not be completed*  but 
in case of fault the circuit will be completed through the 
fault to ground causing the relay for its operation. The 
relay will trip the circuit breaker.The current flowing 
through the relay will be small depending upon the resis-
tance offered to the fault .Hence the relay can be highly 
sensitive one with the low setting of the order of micro-
amperes. 

The above scheme was actually tested on the 
experimental single phase line using earth return,erected in 
the University premises. With the connections shown in fig, 
an earth fault was created at the receiving end. In place of 
the relay ammeter was used to indicate direct durrent flowing 
during the fault.& battery of 12 volts was used, as a source 
of d.c. potential. Before the earth fault the current flowing 
in the ammeter was zero.Howevert  with the earth fault at the 
receiving and the ammeter indicated 5.5. milliamps. This 
much current is sufficient -to operate the relay having pick-
up of 5 milliamperes, 

For putting this scheme in actual practice it 
may be necessary to have large values of d.c. voltages. 
This can be obtained by using the rectifier for which the 
supply can be taken from the transformer itself. 

4.22 	Protection against such earth faults may also be 
provided by using carrier. If an unmodulated voltage wave of 
any frequency, may be voice freghence , is superimposed on 
the line at the sending end a wave trap being provided at each 
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transformer installation, then in normal course,there will 

be virtually no load on the carrier.However if a ground 

fault develops any where on the line, this will be a loan 
on the line as well as carrier and can be detected as such 
by a detecting apparatus at the sending end.This can be 

made to operate a relay which will trip the line eventually. 

However, this scheme will be much handicapped by the high cost 

in view of the economics to be achieved. 

4.3 roteotipn scheme for jeyentjnge t 	hazard,  

buildf ooteutia1 near the eatb electrode.eat  

4.31 	Potential hazard due to build up of potential 

near the earth electrode can be prevented by using a over 

voltage relay between the main earth and the auxiliary earth 
G shown in the fig 4.2. The auxiliary earth electrode G is 

located about 540  away from the main earth«The over voltage 

relay R is adjusted for predetermined voltage between E and 

G. If due to Increase in ground current or some other change 
in conditions of the earth the voltage of either of the elec-' 

trade is raised above the setting of the relay H, it will 

operate which eventually will trip the . line .Electra .mechanical 

or static relays can be used for such arrangements . 

4,32  fTRWIC OVER VOLTAGE RELY 
A new simple static over-voltage relay has been 

developed in the laboratory Fig. 4.3 shows the basic circuit 

of the relay.Alternating voltage Vac is fed to the bridge 

rectifier through the potential transformer. The bridge recti-

fier consists of four single phase metal rectifiers .The 
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rectified out-put is smoothed by using a filter circuit con-

sisting of capacitor and inductor of the values indicated in 
the fig 4.3 The filtered out-put is fed to the bridge net-
-work. In one branch of the bridge the zener diode has been 
connected. Here the purpose of the zener diode Is to provide 
a reference voltage.It has been seen that a bridge circuit 
including a reference voltage gives greater sensitivity. 

Zener diode is a special type of silicon diode 
which maintains a reverse voltage over _a wide range of reverse 
durrent which is s*fficiently constant. The characteristic of 
such diode is shown in the fig 4.2. The reverse current is 
constant upto a particular value of the reverse voltage .When 
the reverse voltage exceeds this value which is termed as 
the break down voltage, a small increase in the reverse voltage 
causes a large increase in the current.This property of the 
zener diode has been used to provide the reference voltage. 
The specifications of the Zener diode used are as follows : 

Zener diode IOZ -27 
Equivalent 2 x 27 

Zener Voltage 	r- 25 volts 
Voltage tolerance- 5% 
Zener current 	- 40 M A without heat sink 

-320 MA with heat sink 
Power dissipation-. 10 watts. 

For the predetermined value of Vac the bridge 
consisting of the zener diode and the resistance shown in the 
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fig 	is balanced by adjusting the resistances 1, a2  and 3 
Under the balance conditions there is no current flowing 
through the relay. However,, if Vac exceeds this pre-►adjusted 
value, then an unbalance current of appreciable magnitude 
flows through the relay causing it to operate. For the values 
of the resistances shown in the fig. 4.3 the bridge was 
balanced for Vac = 46 volts.The r9lay was operated for 4% 
increase in the voltage The setting of the relay can be 
adjusted by proper selection of the bridge resistanees.This 
relay is more simple and cheaper than the electro-mechanical 
relays. 

4.33 	The adequacy and permanence of this ground 
connection may also be ensured by the use of differential 
relay between two parallel ground electrodes, which may be 
made to trip the circuit or give an alarm in case of a failure 
of their ground electrode. 
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5.1 	LQ1DS IN THE RURAL AREAS: 

In the rural areas the first and obvious 
attraction" would be for lighting primarily.Despite the 
benefits of electricity, no body in the countryside at 
present income levels could use it for any other labour 
saving devices. Use of electricity in rural areas for 
fans#  heating and small pumps for domestic use is limited 
since the consumption for domestic purposes depends on the 
standard of living of the people. The connected load per 
consumer in rural areas is about 100 watts as compared 
with 500 watts in urban areas. Public lighting load offers 
a good scope for electrification. 

Electric Flour Mills can displace the 
manually operated flour mills in the rural areas. The 
general power requirement for the flour mills varies from 
5 HP to 10 HP. 

Irrigation is becoming the important rural 
load due to a Grow More Food " Campaign started by the 
Government.The size of the pump required for irrigation 
from wells depends on the area to be irrigated ,nature of 
the soil and the crops, besides depth of water level in (21) 
the well. Average H.P of pumps 	required for irrigation 
from wells is indicated in the table. 



Averaixe H.P. of the 
Puma reciuired. 

40' 	60' 	801  

Acreage covered by 
the pump depending 
izt on the tvtie of 

Water Head. 

15-26 	 3 	3 	{ 
3 	 7.5 

51-80 	 5 7.5 10 

3 H.P. and 5, H.P. motors are most commonly used. 

5.2 	POWER SUPPLY FOR I4OTQRS  : 

5.2,1 Use of Singe Ph 	-for - 
The single phase motors which can be 

supplied by single phase single wire system Can be used 
to meet the above loads,Generally single phase capacitor 
motors are preferred .Single phase motors cost, more than 
the 3 phase motor and have poorer performance. Though 
single phase motors cost more than 3 phase motors they 
are cheaper than the corresponding disel engine power.More-
over, the total cost of single phase connections to the 
consumer will be much less than that of 3 phase connection. 
The extra cost of single phase motors can thus be balanced 
in economy of the individual consumer. 

In India, single phase motors are not available 
above the small integral horse power sizes. The availability 

(22) 
of single phase motors will depend only on the demand 
This is clearly shown by American experiences (1) Single 



phase motors can readily be made available upto sizes of 

25 H.P. (2) there is strong consumer demand for single 

phase motors inspite of their higher cost, this will be 

true ofcourse, especially in areas where single phase supply 

only is made available. There is no longer the feeling 

that once existed in U.S.A., and that exists with some now 

in India, that single phase motors have substantially less 

reliability than polyphase. With extensive use of motors 

single phase motors in any size need not be handicapped by 

lack of reliability. If single phase earth return systems 

were to be widely applied, the single phase motors required 

In the rural areas should be made available at reasonable cost, 

5.2.2. Q eration of 3-Phase Motors n_ Sines Phase Su~uly: 

Where single phase motors are not availa-

ble, standard 3-phase motors with phase convertor can be 

used on single phase supply. The operation of three phase 

induction motor from single phase supply is being studied 

from the time, the induction motor wns invented.However, the 

interest was in the condition of single phasing and not as 

practical alternative. During the last two decades serious 

study was taken up to find practical alternative and scientist; 
(23) 	 (24) 

like Haberman i Barton and Brown 	have contributed to 

this field. 

It is well known that when 3 phase induc-

tion motor is connected to a single phase supply system, no 

starting Torque is developed. However, the same motor can 

be run on single phase supply with a suitable capacitor or 
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reactor of proper size to split phases so that the motor 
may be able to provide rotating magnetic field and be self-
starting. Fig. 6.1 represent the primary winding of delta 
connected and star connected 3 phase induction motor con-
nected to single phase supply with an external static phase 
converter of the impedance Za in the circuit. Mathematical 
analysis of the performance of the motor with the connections 
shown in fig 	has been fully investigated by Brown and Sha 
in their paper on E1  Operation of three phase motors on Single 
Phase supply r and also by T .V .Sreenivasan and M.R. Krishna, 

(25) 
murthy 	. It has been shown by Brown and aha that the best 
type of phase converter from the starting point of view is 
the pure capacitor.It has also been shown that for the best 
performance i.e.  with minimum unbalance the value of external 
admittance ( i.e. of the phase convertor) should be Y'5 x 
standstill admittance of the machine. Instead of giving 
mathematical analysis for the performance of 3-phase motors 
on single phase supply only some experimental results 
obtained on 3 H.P., 3 -Phase- 400 Volts 1400 RPM induction 
motor are produced here. 
Performance Ch racteristics  s 

Fig. 5.2 shows the performance characteristic of the 
3 phase induction motor with 20 OF capacitor shown in the 
fig. 5.1(a) . From the characteristic curves it can be seen 
that the line currents and the C- phase currents ( across 

at 
which the line voltage is proposed )#are low am* low out- 
puts and increase rapidly after one third fuel load. The 



116 

0 

0 2400 806 	 1600 

Woits Out Nut 
_ (; 5 3(0) 

aoj 
A 

10 

0.75 

0 

L) 
C3 05 

3 fl 

O 
I 

SOO 	 1600 

Waits Out pub 
rcq 5 3(b) 

2.400 



2M 

out-put of the motor is limited mainly the current in c 
phase. The current through the capacitor decreases slightly 

as the load is increased indicating the capacitor volts and 
consequently the voltage across the b phase falls 
slightly as the load is inareased.However*  the extent of 
variations depends on the magnitude of the capacitor used. 
With 30 OF better results are obtained when the load is 
more than one third of full load. 

Fig, 5-3. 	shows that the efficiency of the motor is 
slightly lower than that on balanced 3-phase circuits. 
tjpto two third of full load the power factor is far better 
than that when operated on three phase circuits Fig.5.4a 
shows the forgue characteristies.The maximum torque occurs 
at low value of the slip and is about 50% of that on three 
phase oircuits.Ferhaps this may be the greatest limitation 
to the use of motor on single phase circuit.If the same 
capacitor is used at the start also the starting torque will 
be low. From the fig 5.4(b) It is observed that a much 
higher capacitor has to be used at the atart.With suitable 
capacitor a starting Torque greater than that available 
from 3 -phase circuit may be obtained. 

The drawbacks of running the motor on 
single phase supply are --(1) the rating of the motor will 
have to be reduced to 80% of its 3-phase rating(2) The 
maximum Torque is reduced, (3) in almost all cases the 
capacitance required at start will have to be greater than 
that required during running!(4) the motor gives balanced 
operation for particular load while at other loads unbalance 
would be large. 
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To achieve the balanced three phase 
(26) 

condition Prof.R.K.Garg 	in his paper " Operation of 
three Phase Induction Motors from single phase supply,' 
suggests a phase conversion unit consisting of an auto -
transformer and a variable capacitor, shown in. fig. 
to enable operation of 3-phase induction motor on full per-
formance and capacity from a single phase supply.3y adjusting 
the capacitor and auto-transformer settings it is possible to 
obtain balance three phase operation at all loads in the 
normal working range of the induction motor. 

Design improvements can be effected in the phase 
conversion unit to develop a compact unit consisting of an 
auto-transformer with a variable voltage range upto -double 
the single phase supply voltage and capacitor 2-3 variable 
setting both conveniently operated by push button or remote 
control. A phase conversion unit may be incorporated into 
switching equipment and made available In standard sizes. 
However, the practical utility of this scheme will mainly 

on 
depend /the #ewelopment in the phase conversion unit. At 
present this system may be uneconomical because of high cost of 
phases-convertor unit. 
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5.3 	LECTRIAL EQUIWENT FOR SXNGJE PRASE EA H RETUPN RETURN S STEM s 

The feasibility of single phase earth return 

system is not dependent upon non-standard equipment.The analysis 

of the scheme is based upon standard or easily obtainable equip-

ment. To promote an understanding of some of the requirements 

of the equipment for the scheme a list of them is given below. 

5.3.1 T nsfo=ers s. 

The transformers to be used for this system 

will be single phase. Of courses this Is a simplification 

especially since one of the high tension windings will be solid-

ly grounded. Secondaries should be suitable tither for 220 volts 
or three wires 440 volts.The choice of the transmission voltage 
will be considerably influenced by the, relative transformer 
costs to be expected for different primary volt.ges.If the 

single phase earth return lines were to be widely appliedathe 

preparation of standard specifications would bewarranted and 

in that case the transformer would be designed with the correct 

ratio for earth return working and would have one high voltage 

bushing only.This should result in a cost lower than that of. 

present single phase rural transformers assuming reasonable 

quantities are required. 

5.32. S tph-gear and Relays: 

The requirements of switch gear and relays 

are comparatively simple in case of this system. The cost 

for single pole switching would be approximately half that for 
three pole. In many switching along with cost reduction. One 
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particular advantage here is the simplicity of use of fuses. 

In the single phase system,the circuit is Bleared by operation 

of one fuse instead of the problem in polyphase circuit of 

the danger of motors running on one phase.Another advantage of 

the single wire system is that„ greatly simplified air break 

switches mounted on non-conducting structure e.g. wooden poles, 

can open considerable amount of power with of course, no 

danger of arcing over between phases. 

lc- 

It is granted that single phase earth return 

system will require more expensive single phase motors„If the 

single phase earth return system were to be widely applied, 

the single phase motors required in the rural areas should be 

made available at reasonable cost.~iowever, to meet the present 

conditions existing 3-phase motors can be used on single phase 

supply with the use of phase convertor equipment as discussed 

in 5.22. Information including costs, from equipment suppliers 

on all these methods will be much helpful. 

MotorStartingDevices: 

The extra eapasitance needed during the 

starting of 3-phase motors on single phase supply may be 

secured by the use of electrolytic capaoitor.It can be secured 

by the use of the capacitors rated at half the motor voltage 

but connected in series for running and connected in parallel 

during brief starting conditions. Suitable switching devices 

to change from start to run may be- of different types. The 
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simplest type would be simple enclosed double throw switch for 
the start and run positions.A mechanical switching device or an 
electrical relaying device to make a simple switch closer is an 
important alternatiwe.Another most convenient design is to have 
centrifugally operated switch such as is in common use on 
single phase motors to switch from starting to running position 
In case of using this on a completed 3 phase motor the centri-, 
fuel switch would be mounted on the external shaft to accomplish 
the required purpose. Where 3-phase motor would be started by 
a star delta starter from a three phase line the same starter 
can be used equally well to start from the single phase source. 
Only small changes in internal winding would be required. The 
optimum capacitance for starting is little more when motor is 
in star 	than is required for running when in delta. 

Whilst for most purposes,atandard equipment 
will give good result with single phase supply, a thoroughly 
complete programme requires the full support of interested 
manufacturers of starters and switches. 



5 ,4 	OON0MIC ASPECTSz 

5.4.1  Line Conductor- 

The areas of low load density resulting from 
small isolated loads , the line designs are governed by 
voltage drop limitation and not by the current carrying 
capacity of the conductor.The most economical line design 
will use the lowest cost standard conductors that is permi-

ssible on the basis of mechanical strength.This has normally 
meant the A.C.S.R. equivalent of 8 S.W.B. It may be expedient 
and economic to use a copper clad steel wire or even a 
galvanised steel wire. 

5.4.2  j ine SuDnorts- 
Line using single wire ground return should 

be exclusively carried on wooden poles.Metal supports are 
source of potential dagger In this system as the metal supports 
will be at the same potential as the ground .Moreover, the 
wooden supports are cheaper than supports of steel or concrete 
Height of the pole required for single wire system may be 
reduced as it has to carry only one conduotor.It is estimated 
that wooden supports cost roughly not more than 50 to 60 % of 

the cost of equivalent supports of steel or conorete.As the 

supports constitute about 20 to 28 % of the total cost of dis-

tribution lines lthe reduction in initial cost will be substantial 
if treated wooden supports are used instead of other costlier 
supports . Experitments conducted by the Forest Research Institute 
at Debradun, have shown that the poles of practically any Indian 
timber, if properly treated under pressure against white ants, 
borers and rots, can be expected to last 20 to 25 years. 

I G"7 



5.4.3  2o t.,OomvarisonI 

The cost of the single conductor line and 

of three phase line using the same operating voltage e.g. 

11 Kv line to  earth  in case of single conductor line and 
11 Kv line to line for 3 phase linesyoan now be:  compared. 
On the single phase single conductor line the cost of the 

conductors, insulators, lighting arrestors will be 1/3 of 
the cost for three phase line.Transformers would cost 20% 
less than the 3-phase transformers.Since the bulk of the cost 
of the three phase line„ even for the small size conduetor,is 
1/3 of the cost,it can be seen that the single phase line 
will cost approximately lt2 of the three phase line to carry 
the same power. 

While the cost comparison between the single 
phase single wire transmission and three phase seems fairly 
obvious appendix 11 shows this comparison in detail • The 
results in the appendix II show that the cost of sub-station 
single phase single wire system is 79% of the cost of the 3-
phase substation of the same oapacity.The cost per mile of 
the single phase single wire line is only 46% of the three 
phase line for supplying the same power. 



5.4.4 EXPERIENCE $ 

The single wire earth return system has been 

applied i$ New Zealand. The system is supplied origi-

nally from a three phase three wire 22 KV line and is 

isolated from the three phase system by an isolating 

transformer as is indicated in Fig, 1.1 The advantages 
claimed are s 

1. •Lower capital costs ACTUAL saving in. H.V. 
line and substation are 25 - 30 % of the cost 

of comparable three phase line. 

2. Lower material and labour costs due to 
simplified construction„ permitting more 
rapid line construction. 

3. Less interruption due to reduction of hazards 
caused due to simplified construction, 

4. Reduced maintenance and operation costs. 

The system has also been used in Canada and 
has been proved to be successful in reducing the cost 

of electrification. 
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It Is technically feasible to use ground return 
for power lines, especially for rural distribution and 
this can bring about a considerable saving in the cost 
of the supply system. 

The resistance and reactance of the earth return 
path have been found to be very small in comparison to 
that of the metallic conductor. Thus the earth can 
effectively replace a phase conductor as far as voltage 
regulation is concerned and it can rightly be taken as 
cost-free conductor with very little loss and the 
voltage drop. 

One, of the arguments against using earth as 
return path is the potential hazard due to build up of 
potential near the earth electrode. However, no hazards, 
not, normal to the present systems, are introduced by 
this single . phase system*  On the contrary$  because this 
system is evidently well adapted to wooden poles it 
would normally be much safer than the exLsting systems,, 
and at the worst*  fault conditions would not be different 
from than in a normal three phase system. The voltage 
gradients can be reduced by proper selection of the 
grounding system. The results of the field test and 
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model tests show that a single driven rod gives rise to 
higher potential gradient and by employing either a 
triangular or square configuration potential gradients 
can be considerably reduced. The potential gradients 
can be kept sufficiently low by using the horizontal 
wires buried in the ground. It has been observed that 
the surface potential distribution near the electrode 
found out by the model and field test is nearly similar. 

The Induced voltage in the communication line 
running parallel to the single wire earth . return line 
depends largely on tie., distance of separation between 
the two lines the length of parallel and current in the 
power line.. By providing the sufficient distance between 
the two lines the voltage induced in the communication 
line can be kept within tolerable limits,. 

The chances of fault on such lines will be 
much less in comparison to other usual :Lines as there 
will be no chances of short circuit between the conductors 
or with cross arms. In case of high resistance earth 
fault proper protection can be provided by the scheme 
discussed in 4.2. This scheme was tested on the 
experimental single wire line for high resistance earth 
fault and was found to be working satisfactorily. The 
new static over voltage relay can be well used to prevent 
the potential hazard due to build up of potential near 
the current carrying electrodes. 
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The earth resistance measurement for different 
grounding arrangement show that the required low earth 
resistance can be obtained by using driven pipes in 
parallel. In the rockey soil it is advantageous to use 
horizontal wire burned to depth of 1811  below the earth 
surface. 

The use of the single phase system Is handi-» 
capped due to non-availability of single phase .motors 
required In the rural areas. if . the single . phase earth 
return system were to be widely applied the single phase 
motors  required in these . areas should be made available 
at resonable costs It has been shown that the 3-phase 
induction motor on full performance and capacity from 
single phase supply, consisting of capacitor or combi-
nation of capacitor or reactor. A phase conversion 
unit may be incorporated into switching equipment and 
made available in standard sizes, however, the practical 
utility of .  this scheme will depend on the development 
to the pahse conversion unit. At present this scheme 
maybe uneconomical because of high cost of phase 
conversion unit. 

The feasibility of the single phase earth 
return system is not dependant upon non-standard 
equipment. As the system grows, there is no doubt that 
its special requirements will be met and that the 
equipment to meet these needs will become standard. 

130 



The cost comparison of the three phase system 

and the single phase earth return system shows that the 
cost of High voltage substation, for single wire line is 
about 79 % of that for 3-phase High voltage substation 
and the cost of the single wire transmission ?,ine is only 
46 of the three phase line to carry the same power. 
The advantages of using this systems are s 

Lower capital cost,. 
Lower material and labour cost 
less Interruption as there is only one conductor 
to fault. 
Reduce maintenance and operation costs, 

The greatest draw back of the system is that large motive 
loads for industries. cannot be supplied by such system. 
This system is advantagious in those areas where immediate 
and future load demands are very small. 

In view of the above investigations, the single 
phase earth return system warrants serious consideration 
to be adopted In India. , The single phase earth return 
system should be thought of not as making a saving over 
the three phase but of making possible ,the supply of 
power in areas which otherwise could not be supplied at 
all. Thus this system is the proper means by which 
rural distribution can be extended in India an as to 
make the advantages of electricity available to all, 
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APPENDIX I 

IMPEDANCE OF EARTH RETURN PATH 

According to "Rudenbegg'', it is assumed that the line 

conductor can be taken as located along the axis of a semi-

cylindrical trench of which the radius is the height of the 

conductor above the ground and that the earth has uniform 

resistivity. 
It is also assumed that the current flow is uniformly 

parallel to the line, that iso  the crowding of the lines of 
current flow due to finite earth electrode is neglected. 

E+d 

o e e 
ne 

doh 

J 	B;dB 

FIG 2 	FIG 1 

Fig. 1 shows an overhead line at the height h above 

the ground. Let us consider regions in the ground of some 
distance to the ground electrodes. We can substitute for 
the cross sectional diagram of Fig. I that of Fig. 2, 
wherein the current I of the conductor flows in the centre 

of a groove of semicircular shape and of radius h. For 
deriving the differential equations for the ground current, 
Fig. 2 shows two special magnetic lines of force. They 
would be concentric circles about the conductor if the ground 
uniformly surrounded the conductor in every direction. 
However, since the ground forms only semispace and the return 

1-,  



currents flow only in this lower space, the lines of force 
are only approximately concentric circles about the current 
carrying conductor. 
Let 

y distance of any point from the line measured 
normal to the axis 

B - Magnetic flux density, the lines of which are 
presumed to be circles with the line as axis 

6 - Electric field strength 
alt- Permeability of the non magnetic material 
3 Current density at any point in the earth's surface 
P s Resistivity of the soil .. 

All quantities are in M.K.&. Units. 
Applying Ampere's law of magnetization 

• Bds a Owl 	.e... (1) 
to a toroid bounded by the cylinders y and y * dy we get 

2ir (y+ dy) (B + dB) - 2iryB =Ott 4ir3 x 7r y dy ..... (2)  

This yields the differential equation 

I --- 	(yB)=AA2wd 	..... (3) 

• Further we apply Faraday's law of Induction 

I G ds 2S - « 	.. 	 ..... (4)  

If this is applied to a longitudinal strip of length x as 
shown in Fig. 2, we have 

x(6+d6)-xE - xdy -.d 	..... (S) 

This yields, as a relation between the electric and magnetic 

1$'1 
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field strengths 

_ie_ a _ - 	..... (6) 
py 

 
at 

Finally, according to ohm's law,, there is for every point in 
the ground 

6 = P3 	 .... ♦ (7) 

By eliminating the magnetic and electric field strengths from 

Eqs. (3) and (7), we got the partial differential equation 

for the performance of the current density within the ground 

â3 ......(8) ay 	p 

It is now assumed that the current density is sinusoidal with 

the same frequency as the current in the line. 

Designating f (y) we thus make the statement 

J = K x f (7)x+s 	 .,....{9~ 

Where w denotes the angular frequency of the current and 

K a constant still to be determined. Substituting the value 

of J in Eq. (8) we get 

d- d (y - df 	) .. j 2lr./A -X f(y)=O ....(10) 
P 

This is a well known total differential equation, which is 

solved by any one of Bessel's function of the order zero. 

Since the current density must vanish at infinity, the complex 

Hankel cylinder function 

f (y) = it wj Ilya ...,....(ll) 



forms the solution. It 1s having complex argument in which 

2r ~.,, A 	 ..... (ha) ) 

Now let us determine the constant of integration K of Eq.(9). 
Here we make use of the condition that the total current 
through the ground must be equal and apposite to the current 
in the conductor of amplitude 1. Referring to Fig. 2, we have 

j J ~r y dy : ~r H a wt f y Ho Wj k y 9 dy = -1 a wt 
~ 	 h 

According to rule of integration for the Bessel function 

I x Ho (x) dx 	x H1 (x) ...,. (13) 

where B1 Is the Bessel function of first order. 

Thus we can write 

vo 	 00 
hif0Wj k 7) 	k Hl W3 k 

= - 	 H. c.T3 k h) .......(14)  

and the constant of Integration derived from Hq. (12) is 

Y~ I 	 . .. . (14)  
'r h H1 rr k h ) 

Therefore,, the current density in the ground Is for any 
distance y 

d s 'r..... k Ho rj 'k 7)  

	

I. 	....(15) ~r h 	H1 413 k h ) 
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For the functions . bio and H. there exists tables and curves k~~) 
so that they can be used In calculations with the same ease 

asps for example* trignometric functions. 
For all frequencies used In power transmission, with 

the value of kh upto 0.6 we can make the following approxi,- 
oration 

Hl W j k fir) 	 ....... (16) 
rk t► 

Therefore the constant of integration of Eq. (14) is with 
y * h 

2 
.0.,... (17) 

and the current density is by Eq. (15)  

+GTJ ky)xI e3 	...(18) 

From the nature of HO and the above equation it can be seen 

that the current density goe$ on decreasing as the distance 

from the line increases. For larger distances the current 

density decreases rapidly and for about k y = 3 Ho attains 
such a value that no substantial current density is left. 
For numerical calculations we may use an asymptotic approxi-
mation for the function Ho with small arguments upto It y = 0.5 
this Is 

(r (3 It y) 	3 • — log 	y.. 	.....,. (19) 

Where 	= Bessel's constant 	1.781 
The voltage over length x Is then given by 

e = P x a 	 ..,M.. (20) 
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If we replace first the current density by EQ. (18) 
and then k2 by Sq. (ha) the resistivity cancels. This 

yields 

AxvIxwHo (f k7)ej 	 ç) 

Using the approximation (19) the amplitude of the alter-

nating voltage at. the earth's surface directly under the 
conductor i.e. y = h 

 yet x w I 	2 - 3 2 log ....2..._..,. 	,.... (22) 
k h 

This represents the voltage drop of the total alternating 

current r-1 in the ground over a distance x. This expression 

is similar to that of voltage in circuit containing resistance 

R and self inductance L 

E x M I (R 4 jwL) 
By comparison,, we get the effective resistance of the return 

currents ata 

R~Iwx 

w 
t x 10 ohmmeter 

The value ,u 107 is the permeability of non magnetic material 
in the meter-kolo gram second system. 
Similarly, the self inductance 

0.17a 	 1 r 	-~7 
L 2x 1° C-- h --

-\[ 1 
-- f -) 10 Renries/meter 
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APP E DIX II 

TABLE I 

Unit Cost of 11 KV 3-Phase Transmission Line on Wood Poles with an average span of 300 ft. 

nt = i Mile 

LSJo • 	Material 	Quantity . 	..~ Rata Cost 
Rs.nP. Rs.~ 

(a) Wooden Poles 30 0 high 	18 nos. 	60.00 1080.00 

(a) ACSR conductor equivalent 	 1400.00 to 0.025 sq.iii. 'copper 
area. 

(b) Earth wire 
7/16 G.I. conductor. 	450 lbs. 	0.90 405.00 

3) Brackets 

(a)  4'..011 centre straight 
cross arm bracket 
3" t x 12* 	x 	channel 
with stirrups. 16 nos 20 220.00 

(b)  8'-s" centre double pole 2 nos. 30 60.00 
channel cross arm double 
pole. 

(c)  Top Insulator brackets 16 nos, 4.40 64.00 

(a) Earth wire brackets 17 nos, 4100 68.00 
(e) Cross bracings 1 no. 30,00 30.00 



I J4 6 

 Ma 	l 	- tuaritits  ,..Ratg...... 	Cost  
its.nP. 	Rs.nP, 

4 	uu.1at©ra 

(a)  11 kV pin insulators 51 nos. 10.00 510 000 

(b)  11. kV disc insulators 6 nos. 25.00 150.00 

5) 	Mis l] aneL us 

(a)  31''x 6' stay rods complete 12 nos. 25.00 300.00 
with anchor plate, bow, 
thimbles etc. 

(b)  Stay clamps 12 nos. 5.00 60.00 

(c)  Bolts and nuts L.S. 50.00 

(d)  Earthing 4 nos. 150.00 

(e)  'Fainting of iron parts L.a. 300.00 

(f)  Labour and t ran spo t L.S. 400.00 

(g)  Supervision 15 p.c. on 60.00 labour chargee . 
5407-0© 

(h)  Contingency 5 p.c. on total 260.35 

5667.35 



II 

Unit cost of 11000/400/230 	Volts Pole- Mounted Substation 

Capacity 	25 KVA, 3Phase 

_rwk--r—.►rs 	 ----------r—rr— 	 —aaerr--.r.--rr 

S.No* Material 	quantity Rate Cost. 
rYrr~rr—rr—rw--------- rr------------------------ -------rrrr------- 

1, 11 kV AB Switch 	 I. No. 500.00 500.00 

2 • 11 kV horngap fuse 	1 set 150.00 150.00 

3,  Earthing 	3 nos. 50.00 160,00 

4,  Trans;fo3rmer D..P.Structure 	1 No.- L.S. 250.00 

5.  Brackets for L.T. Line L.S. 50.00 

6.  H.T.and L.T. Jumpers L,S. 30.00 

7.  L.T. wiring from transformer to 
outgoing L.T. 14ains _ as under :- 
(a) 100 , amp I.C.T.P..switch 	1 No. 200,00 200,00 
(b) G• I. Pipes and bends L.S. 100.00 
(c) V.Z.R. Wires L.S. 250,00 
(d) Sockets and soldering L.S. 30.00 

$. 25 kVA 3-Phase 11 kV/400/230 volts 
50 c/s outdoor type transformer. 	1 No. 2900.00 2900.00 

9. Labour and transport 300.00 

30. Supervision 15 p.c. on lab( ur 	45.00 
rr..r..+►r rs 

11. Contingency 5 	 . p. c . on total, 	 527 
----------- 

5307.75 
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TABLE  III 
Unit Cost of 11 KV 1-Phase Single wire earth return transmission 

line on wooden poles with an average span of 300 ft. 
. . • . . 

Unit = 1 Mile. ----_---------- --- --------------------------------------------------- - 
S.No. 	Material 	 Quanti•- Rate 	Cost 

-t 
. 	+a' utlyort5 

(a) Wooden Poles 301  high 	18 Nos. 60.00 	1080.00 
2  • 	Conductors 

A.C.8.R. Conductor 
equivalant to 	0.024 sq.in 
copper area. 466.00 

3. Brackets 
Insulator brackets L.S. 	80.00 

4. insulators - 
(a) .1 kV pin insulators 16 nos. 	10.00 	160.00 
(b) 11 kV disc insulators 2 Nos. 	25.00 	50.00 

hiscellaneous 

(a) Stay rods complete with 	12 Nos. 20.00 
anchor plate$  bowl thimbles, 
etc. 

eb) Stay, clamps 	 12 Nos. 	3.00 
(a) 866 Fs and nuts etc. 	 L.S. 
(d) Earthing 	 Z.S. 
(e) Labour and transport 	 L.S. 

Supervision 18 p.o. on labour 
and transport 	.. .. .. .. .. . .. .. 

240.00 

36.00 
30.0© 

100.00 
200.©0 

30.00 
2472.00 

Contingency 5 p.c. on total .. .. .. .. 	125.80  
2595.60 



TABLE iX 

Unit Cost of 11 K.V/440/220 volts polo mounted substation 
25 XV.A,, capacity single phase 

Jo aterial ....~.. Qnantit r 	... Rate 
Rs.nP. 

Coit .. 	.... Rs.nP. 

I. Single phase 11 kV switch i no. 	200.Q0 
(approx) 200.00 

2.  Single phase 11 kV horngap 1 no. 	40.00 
fuse. (approx) 40.00 

3.  'Earthing 200.00 

4.  Transformer D.P. structure 1.5. 300.00 

5 • 8.T ♦ and L.T. Jumpers L.S. s iS .00 

6. L.T. wiring from transtormer 
to outgoing L.T. mains. 	 L.&. 250.00 

7. 25 KVA single phase 11000/440/220 
volts 50 a/9 out door type trans- 
former. 	 1 no . 	2600.00 2600.00 

8. Labour and transport. 	 1.8. 200,.00 

9. Supervision 15 p.c. on labour 	 3000 
3935.00 

10. Contingency 5 p.c. on total 	 196.00 
4131.00 
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