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Abstract—In this paper firstly, the ungrounded networks 

are discussed. Following this, the characteristics of earth 

faults in distribution networks are determined and 

compensated. Arcing faults made up at least half of all the 

disturbances, and they were predominant in the unearthed 

network, so there is a requirement of fast fault detection and 

compensation techniques so that fast restoration of system 
should occur. 
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I. INTRODUCTION 

Ungrounded systems have no intentional ground. For a 

single-line-to-ground fault on these systems, the only path 

for ground current to flow is through the distributed line-to-

ground capacitance of the surrounding system and of the 

two remaining unfaulted phases of the faulted circuit. The 

most common fault type in electrical distribution networks 

is the single phase to earth fault. This work explains about 

the earth fault behavior of electrical distribution systems 

with cables, feeders. Here PS-CAD is used for simulation 

of an 11KV system. The analysis is carried out by using 

lightning arrestor as a compensating device and the 
obtained results are compared to, and found in accordance 

with time simulations. 

A. UNGROUNDED SYSTEM  

A system, circuit, or apparatus without an intentional 

connection to ground, except through potential indicating 

or measuring devices or other very high impedance 

devices. Although called ungrounded, this type of system is 

in reality coupled to ground through[3]. the distributed 

capacitance of its phase windings and conductors. In 

absence of a ground fault, the neutral of an ungrounded 

system under reasonably balanced load conditions will 

usually be held there by the balanced electrostatic 
capacitance between each phase conductor and ground [1]. 

 

 

Figure 1.1 Isolated Neutral Systems 

For these systems, two major ground fault current 

magnitude-limiting factors are the zero sequence line-to-

ground capacitance and fault resistance[1]. Because the 

voltage triangle is relatively undisturbed, these systems can 
remain operational during sustained, low-magnitude faults. 

Self-extinction of ground faults in overhead-ungrounded 

lines is possible for low values of ground fault current. At 

higher magnitudes of fault current, faults are less likely to 

self extinguish at the fault current natural zero-crossing 

because of the high transient recovery voltage. 

B. ARCING GROUNDS 

Arcing Grounds is a phenomenon which is observed in 

ungrounded three phase systems. In ungrounded three 

phase systems operating in healthy balanced conditions, 

capacitances are formed between the conductors and 

ground.  The voltage across these capacitances is the phase 
voltage.   

 

Figure 1.2 Arcing Ground 

 

 

http://www.electrotechnik.net/2011/05/arcing-grounds.html
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Now, in the event of a ground fault, the voltage across 

the faulty conductor becomes zero while the voltages 

across the healthy conductors increase by a factor of 1.732.  

The arc caused between the faulty conductor and the 

ground gets extinguished and restarts many times, this 
repeated initiation and extinction of the arc across the fault 

produces severe voltage oscillations of the order of nearly 

three to four times the nominal voltage. This repeated 

arcing across the fault due to the capacitances between the 

conductors and the ground is known as arcing grounds.  

Arcing grounds can be compensated by the use of Peterson 

Coils or by using any of grounding methods. 

 
No ground fault                           Ground fault on 1 phase 

Figure 1.3 Voltages during ground fault[6] 

II. PRESENT TECHNIQUE FOR DETECTION OF FAULTY 

FEEDER 

The present technique that is employed to detect the 

faulty feeder is the conventional voltmeter method. In order 

to detect fault in  both the sections, By isolating the 

sections, the voltmeter of healthy sections shows the phase 
values. Now from this field engineers can identify the 

section in which fault has occurred, but still the faulty 

feeder has to be identified. For this, field engineers then 

isolate each feeder one by one until the faulty feeder is 

identified.  

As soon as the faulty feeder has been identified and 

isolated, the voltmeters of corresponding section again 

shows the phase values as before. This process is time 

consuming and calls for regular monitoring.  

 

 
 

 

 

 

 

 

 

 

 

It also requires man power for fault identification and 

location, as well as for its restoration. Clearance time 

increases as well as the thermal stress on insulation of 

motor winding, associated with switchgear equipments like 

transformers, cables etc increases. This methodology 
hampers system reliability and Clearance time increases as 

well as the thermal stress on insulation of motor winding, 

associated with switchgear equipments like transformers, 

cables etc increases. This increases maintenance cost. Also 

if the existing fault has not been resolved, it will result in a 

second ground fault in a different phase which will lead to 

short circuit in the system and it will also result in multiple 

failures in the system. 

In order to mitigate above challenges and have better 

system reliability, it is proposed to adopt an automatic 

system to detect and locate the fault current so as to attain 

faster system equilibrium. Various grounding methods can 
be employed for neutralization of fault currents, which 

helps in reducing fault currents by applying various degree 

of compensation. Generally Peterson coil is used in 

industries and plants as a compensating device. 
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III. LAYOUT OF 11KV SECTION 

 
Figure 1.4 Layout of 11KV section 

The layout contains 132KV source stepped down to 11 

KV with the help of an 80MVA transformer. The primary 

winding of these transformers are connected in star and 

secondary in delta i.e ungrounded from each 11 KV section 

has two sub sections  which are connected through 

sectionalized breaker and feed six feeders each giving 

supply to various loads. 

IV. SIMULATION IN PS-CAD & RESULTS 

PSCAD was first conceptualized in 1988 and began its 

long evolution as a tool to generate data files for the 

EMTDC simulation program. PSCAD/EMTDC is a 

powerful electromagnetic transient’s simulation program. It 

is most suitable for time domain simulations of the 

systems. It is an industry standard simulation tool. The 
graphical interface of the software makes it very easy to 

build the circuit and observe the results manage the  data  

in  a  completely  integrated  graphical  environment. 

PSCAD provides intuitive and interactive control input, 

meters, and online plotting functions and graphs. PSCAD 

has   been adopted worldwide by utilities, manufacturers, 

research & educational institutions, and consultants as the 

premier tool for transient simulation.  Graphical interface 

the time for the development of the program is drastically 

reduced.  

PSCAD/EMTDC uses subsystems, which breaks the 

whole job into smaller units and makes the understanding 

easy. In EMTDCthere the user can write his own program, 

which best suits, his in within a single integrated 

environment. Due to thepresence of the simulation and 

integrate it to the main program.The PSCAD graphical user 

interface greatly enhances the power and usability of the 
simulation environment.  It  allows  the  user  to  efficiently  

construct  a  circuit schematic, run a simulation, analyze  

the  results, and 

1) Plot For Source Voltage 

(Rms Voltage 132.0KV, Line to ground instantaneous 

Voltage 107.7KV. ) 
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2) Plot for 11KV section during normal condition 

Phase to ground rms Voltage 6.35KV and instantaneous 

voltage 8.98 KV. 

 

3) Faulty Conditions 

a) Plot for Voltage 

The voltage of faulted phase is zero and the healthy 

phase’s increases to 1.732 times which is 15.5KV. 

 

b) Plot for Arcing  Current 

Arcing current graph for 11 KV line ungrounded system 

for single phase a to ground fault, fault duration is 0.2s.The 

maximum value reaches to 20A. 

 

c) Plot for persisting Voltage for certain durations 

Voltage graph for single phase a to ground fault, fault 

duration 0.1s, persisting for certain time durations. 

 

d) Plot for  Arcing Current persisting for long time 

Plot shows the Arcing current graph for single phase a to 

ground fault, in which arc starts at .2s,restrikes after .125s 

and again restrikes after .1s.  

 

4) Suppression of high voltage by using Lighting arrestor 

a) Plot for Voltage 

The voltage of faulted phase is zero and the healthy 

phases increases to 1.732 times which is 15.5KV. This is 
voltage graph at 0 % compensation using LA. 
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b) Plot for Arcing Current 

Arcing current graph at 0 % compensation using LA. 

That is there is no effect in arcing current. 

 

c) Plot for Voltage 

The voltage has been compensated to 14KV using LA 

for with 30 % compensation. 

 

d) Plot for Arcing Current 

Arcing current graph at 30 % compensation using LA. 

 

e) Plot for Voltage 

The voltage of faulted phase is zero and the healthy 

phases has been compensated to 11KV using LA for with 

70 % compensation. 

 

f) Plot for Arcing Current 

Arcing current graph at 70 % compensation using LA. 

 

g) Plot for Voltage 

The voltage of faulted phase is zero and the healthy 

phases has been compensated to 10KV using LA for with 

85 % compensation. 
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h) Plot for Arcing Current 

Arcing current graph at 85% compensation using LA. 

 

V. CONCLUSION 

The most common fault type in electrical distribution 

networks is the single phase to earth fault. Earth faults are 

normally located by splitting the feeder into sections. To 
find out the faulty section the field engineers need to isolate 

the sections, by isolating the sections with circuit breakers, 

the voltmeter of healthy sections shows the phase values. 

Now from this field engineers can identify the section in 

which fault has occurred, but still the faulty feeder has to 

be identified. For this, field engineers then isolate each 

feeder one by one until the faulty feeder is identified.  The 

operation of manually controlled switches requires a patrol 

moving in the terrain. Therefore, to decrease the customer’s 

outage time, the development of indication and location  

methods for earth faults is essential. The aim is to  
compensate it using LA. Based on these characteristics new 

methods for fault indication and location are developed.LA 

compensates the increased voltage of healthy phases 

according to various degree of compensation provided and 

thus it prevents failures of other equipments which may 

further cause multiple failures and can collapse the system. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

TABLE II 

RESULTS FOR VARIOUS LEVEL OF GROUNDING 

 

VI. FUTURE SCOPE 

Changes in voltage and current can be studied for 

different fault conditions in order to determine the area of 

fault, where exact location of fault can be located.  

Researchers had been  suggested that this systems can be 

programmed using advanced microprocessors or 

microcontrollers for better control  and fast recovery 

operations within fractions of time, also various software 

such as MATLAB, MI-POWER, can be involved or  

various techniques such as wavelet transform, artificial 

neural networks techniques can also be employed in 
addition with this software. Since the developed model was 

not provided with a decision scheme, work may be 

extended to include a comprehensive relay model including 

trip scheme. Work may be extended to incorporate 

algorithms used to improve the relay behavior, when the 

model is to be used to protect power systems incorporate 

power cables having a considerable capacitance. 
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