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Abstract- In an electrical power system different types of 
faults occur and the maximum faults are ground faults. The 
value of ground fault current is very high and which is the 
hazards of electrical power system. To limit this ground fault 
current different types of grounding can be used. In this paper 
all the ground faults are studies of solid, resistive and 
inductive grounding experimentally and then the effect of each 
grounding on ground faults current as well as on power 
quality explain. Grounding also affect the electrical power 
system protection scheme as the neutral grounding change the 
protection scheme must be changing as per the grounding. 
Since for each neutral grounding the value of fault current is 
different. 
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I. INTRODUCTION 
 
 In an electrical power system initially ungrounded 
neutral system is accepted universally, but after considerable 
advantages of the neutral grounding grounded system is 
accepted throughout since grounded system is easy to protect 
as compare to ungrounded system. In an electrical power 
system different transmission voltage levels are preferred 
according to the physical conditions. There are many types of 
distribution and transmission system. In medium and low 
voltage transmission and distribution system, there are many 
types of ground faults are occurring which is hazards for the 
system as well as system equipment’s.[1]  

 
There are mainly three different types of fault occur 

Line to ground fault, Double line to ground fault and triple 
line to ground fault from all these three faults 85% of faults 
occurs in system are line to ground fault, only 3% to 5% faults 
are double line to ground and triple line to ground fault.[2] 
Most severe fault in power system is triple line to ground 
fault, but this is not true always but line to ground fault may 
be more severe than triple line to ground fault when the fault 
is at generator side or at terminals and it also depends on the 
value of neutral impedance. When any ground fault occurs in 
power system, then the value of ground current is very high 

and the value of the voltage on faulty phase is nearly equal to 
zero.[3] This fault current value is may damage system 
equipment’s. Since the value of fault current is much higher 
than the rated value when the system is solid, grounded but at 
the same time as the system is solidly grounded it helps the 
protective scheme to operate fast since as the value of fault 
current high it is easily detected by relay.[4] For reliable and 
fast protection generally solid grounding is prefer but for 
safety point view the value of fault current must be reduced by 
using different grounding. Protective scheme of electrical 
power system may be working properly if the value of fault 
current is twice than that of full load current.[5][6] This value 
is easily detected by relay to isolate the healthy and faulty 
conditions at the same time the value of fault current is also 
reduced. So to reduce this fault current in electrical power 
system different grounding methods are use like solid 
grounding, resistive grounding and inductive grounding.[7] In 
this the paper the value of fault current is observed by 
experimental results were the experimental small electrical 
network is created in lab and then all the ground faults are 
created for all three different grounding the results of each 
grounding are stored in computer with the help of Digital 
Storage Oscilloscope (DSO) and then the analysis is done. 
 

II. EXPERIMENTAL SETUP 
 
A. Block diagram of experimentation 
 

Here delta-wye distribution transformer is connected 
to the source and single phase load banks operate on it. By 
creating different types of faults such as L-G, LL-G, LLL-G 
on this isolated system with different grounding for each type 
of fault we analyzed the effect of grounding on fault current. 
By connecting DSO we captured different waveforms of 
voltages and fault currents. 
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Figure 1: Block diagram of experimentation 

 
B. Specification 

 
Three phase transformer used in the experimentation 

has rated 5 KVA, 440/433V, 3.85/7.7A. The 4-channel Digital 
Storage Oscilloscope (DSO) used to capture the output data 
has a bandwidth of 100MHz. The CT used for measuring 
ground current has input current rating of 0 – 70 Amp r.m.s, 
peak current of 100A (AC/DC). It can measure current in the 
frequency range up to 100 KHz and gives output voltage 
100mV/A. The input range of PT used is 1000 V and its 
bandwidth range is 200 MHz. The loads put upon the each 
phase were Resistive of 5KW. Rheostats of 100 Ω/5A were 
used to limit the ground fault current and the inductive coil of 
three phases, 400V, 15 A/ph was used. The wires used for the 
connection of setup were 2.5 Sq. mm, 1100V.  

 
Pictures of Experimentation in Laboratory 
 

 

 
 

III. RESULTS DURING DIFFERENT FAULT 
CONDITION 

 
In this experimental setup different types of ground 

faults are created manually like LG, LLG and LLLG faults 
and in each fault different grounding are used like solid, 
resistive and inductive, then all the results are stored in Digital 
Storage Oscilloscope (DSO) and then  converted into a graph 
with respective time domain and frequency domain then the 
analysis is done. 
 
A. Line to Ground Fault 
 

In electrical power system 85% faults are line to 
ground fault which is hazards for the power system as well as 
the power system equipment’s in this fault the value of fault 
current is very high and odd harmonics are also present. So to 
reduce this fault current value as well, odd harmonics different 
grounding methods are used. 
 

a. Solid grounding 
b. Resistive grounding  
c. Inductive grounding 

 
a. Solid grounding 

 
In solid grounding neutral is grounded with the 

minimum impedance conductor and the solid grounding is 
generally preferred since it is suitable for fast protection for 
the power system.[8] Following graph shows the ground 
current during LG fault. 
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Figure 2: Time domain waveform of L-G fault for solid 

grounding 
 
The above figure shows the plot of voltages of three 

phases and the ground fault current. Initially the ground 
current is very less but when a fault occurs in phase A, the 
ground current increases while the sag is observed in voltage. 

 
b. Resistive grounding  

 

 
Figure 3: Time domain waveform of L-G fault for Resistive 

Grounding 
 

The above figure shows the plot of voltages of three 
phases and the ground fault current. Initially the ground 
current is very less but when a fault occurs in phase A, the 
ground current increases and is limited by the resistance while 
the sag is observed in voltage in minimum than the previous. 
 

c. Inductive grounding 
 

 
Figure4: Time domain waveform of L-G fault for inductive 

grounding 

The above figure shows the plot of voltages of three 
phases and the ground fault current. Here the ground currents 
and various frequency components such as harmonics and 
inter-harmonics are attenuated as the current does not change 
instantaneously through the inductor. 
 

1) Comparative Plot of all Ground Currents: 
 

 
Figure 5: Time domain waveform of L-G fault for all 

groundings 
 

The above figure shows the comparison plot of 
ground fault current in case of Solid, Resistive and Inductive 
grounding. 
 

 
Figure 6: Frequency domain waveform of L-G fault for all 

groundings 
 

The above figure shows the graphical representation 
of ground fault current vs frequency in normalized form. 

 
B. Double Line to Ground Fault 
 

In electrical power system 2% to 5% faults are 
double line to ground fault which is hazards of the power 
system as well as the power system equipment’s in this fault 
the value of fault current is very high and odd harmonics are 
also present. So to reduce this fault current value as well, odd 
harmonics different grounding methods are used. 
 

a. Solid grounding 
b. Resistive grounding  
c. Inductive grounding 
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1) Comparative Plot of all Ground Currents: 
 

 
Figure 7: Time domain waveform of LL-G fault for all 

groundings 
 
In the above figure comparative plot of LLG for all 

groundings is shown here the value of fault current for 
resistive and inductive grounding is less than that of solid 
grounding. 
 

 
Figure 8:  Frequency domain waveform of LL-G fault for all 

groundings 
 

In the above figure comparative plot of LLG fault for 
all grounding is shown in frequency domain here it is clear 
that the odd harmonics are suppressed in resistive and 
inductive grounding. 

 
C. Triple Line to Ground Fault 
 

In electrical power system 2% to 5% faults are triple 
line to ground fault which is hazards of the power system as 
well as the power system equipment’s in this fault the value of 
fault current is very high and odd harmonics are also present. 
So to reduce this fault current value as well, odd harmonics 
different grounding methods are used. 
 

a. Solid grounding 
b. Resistive grounding  
c. Inductive grounding 

 
 
 

1) Comparative Plot of all Ground Currents: 
 

 
Figure9: Time domain waveform of LLL-G fault for all 

groundings 
 
In the above figure comparative plot of LLLG for all 

groundings is shown here the value of fault current for 
resistive and inductive grounding is less than that of solid 
grounding 
 

 
Figure 10: Frequency domain waveform of LLL-G fault for all 

groundings 
 

In the above figure comparative plot of LLLG fault 
for all grounding is shown in frequency domain here it is clear 
that the odd harmonics are suppressed in resistive and 
inductive grounding. 
 

IV. CONCLUSION 
 

It is observed from the experimental data that for 
solid grounding fault current is very large and also the odd 
harmonics are large in magnitude. This large fault current can 
be limited and odd harmonics can be suppressed by using 
resistance as well as inductive grounding. Whereas, the 
grounding of the system depends and varies from the 
application point of view for the accurate and faster protection 
solid grounding is required and whereas, for limiting the fault 
current resistance and inductive grounding is used. 
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