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In this study, the authors present a precise and effective 

technique for computing fault distance & detection in 

electrical power distribution systems in a Smart grid with non-

renewable energy sources like a solar and wind farm. The 

reliability of the customer's service, Distribution line faults, a 

perennial source of concern for networks, have an impact on 

both the reliability of the power system and the quality of the 

delivered electricity. More accurate fault location makes 

maintenance simpler, so new opportunities for accurate fault 

location estimation are being developed. 
 Numerous signals are produced by a fault, and each 

signal contains information about the fault's location. 

Deafferentation voltage and current measurements are taken at 

both ends of a protected zone, and the fault location is 

determined using these measurements. The propagation constant 

and characteristic impedance of the line are controlled by the line 

parameter. In addition, a brand-new DFT-based algorithm 

(dubbed the Smart Discrete Fourier Transform, or SDFT) is 

presented in this work. Its purpose is to eliminate measurement 

and system noise in order to extract extremely precise 

fundamental frequency components for fault location index 

calculation. The results show that even with frequency deviation 

and harmonics, the SDFT-based method can still extract a 

precise phasor. 

MATLAB software is used to run the simulations. The suggested 

method's efficiency and accuracy are demonstrated by simulation 

results of various sorts of failures on a typical distribution 

system. 

 

I. Introduction 

 There are numerous factors that can lead to faults in 

electric power distribution systems, such as inclement 

weather, faulty insulation, auto accidents, etc. [9]. To increase 

service reliability when a failure occurs on the distribution 

network, the utility must locate the fault as soon as possible. 

The transmission line fault location is the main focus of the 

aforementioned study. The circuit analysis based on the 

symmetrical component is feasible due to the frequent 

operational balancing of transmission networks. It is important 

to note that the sequence component approach, which is a 

useful tool for circuit studies, only generates three independent 

sequence networks in the case of balanced systems. Because 

most distribution systems use a combination of single phase 

and three phase laterals and loads, it cannot be applied to the 

distribution system. Although a direct circuit analysis of a 

three-phase network is a possibility, the study's high 

complexity and difficulty have prevented it from being 

researched. This explains why there hasn't been much research 

done on the issue of fault location in the distribution system. 

While a quick defect location helps to reduce downtime, a 

traditional visual examination takes a lot of time and labour. If 

service was quickly restored, complaints from customers, 

downtime, revenue loss, and crew repair costs could all be 

decreased.  

Locating a fault in a distribution system is a challenging task 

because of the high complexity and difficulty brought on by 

non-homogeneity of line, resistance in fault circuit, 

unpredictable load, and phase unbalance. The fundamental 

steps for calculating impedance using fundamental 

components or harmonics in a transmission system are the 

same as those for locating a defect using current and voltage 

measurements. Harmonics, a fundamental component of 

voltage and current, are used to locate faults in unbalanced 

distribution systems. Additional computational burdens, such 

as recalculating voltage and current at each node, are 

necessary for the adjustment of the distribution system's 

unique characteristics. Distribution systems cannot directly 

use the transmission line fault location method. As a result, 

numerous methods for identifying distribution system faults 

have been created. These fault location techniques can be 

broadly divided into two categories: methods based on 

travelling waves and techniques based on impedance. To 

determine the distance between the faulty point and the 

distribution substation, the majority of impedance-based 

approaches use impedance estimation as seen from the fault 

locator site [25]. The current electric grid needs to be 

upgraded into a "Smart Grid" using advanced computational 

techniques, electronics, and devices. The foundation of the 

smart grid idea is the decentralization of the power grid 

network into smaller grids (Microgrids) that are connected to 

Non-renewable Generation (DG) sources. A notable issue that 

arises as a result of these integrations is an excessive surge in 

fault current caused by the presence of Distributed Source in a 

microgrid [17]. For the power grid of the twenty-first century, 

a system known as a "smart grid" is one that combines cutting-

edge communication technologies with renewable energy 

sources to produce electricity that is more dependable, clean, 

and efficient. Less responsive are conventional power systems. 

A smart grid decentralises the grid network into microgrids, 

which are smaller grids each connected to DG sources. 

Although these microgrids might or might not be connected to 

the conventional power grid, it is necessary to safely integrate 

a range of DGs and loads. Two major issues arise when DGs 

are directly connected to the power grid and continue to 
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supply power to the fault state network despite a problem with 

the power grid: excessive fault current and islanding [19]. 

Under various names, including smart grid, intelligent grid, 

grid wise, EPRI (Electric Power Research Institute) Intelligrid, 

and others, the power industry, the government, national 

laboratories, and consortia have been formed to address the 

challenges of designing and constructing a grid of the future. 

The architecture of the grid will be based on knowledge from 

a variety of fields, such as communication theory, 

optimization, control, and approaches for dynamic 

optimization [13]. The smart grid design's major functional 

aspects are summarised in Figure 1. 

 

 
Fig. 1. Intelligent automation features of a smart grid [13]. 

   
Phasors are used to analysis AC values in power systems 

under the premise that the frequency is constant. This 

approach of synchronising phasor computation to absolute 

time is referred to as "Synchronized "Synchro phasor." 

Modern relay systems with synchronised measurements—

known as synchro phasor measurements—made possible by 

recent technological advancements in microprocessor-based 

relays, GPS receivers for synchronisation, and precise time 

stamping. By using synchro phasor measurements and 

improved digital communications, users can obtain 

information about the state of the power system twenty times 

per second. 

 This work presents a fault location detection method. 

Our goal is to locate faults online for any transposed three-

phase line utilizing GPS-based Phasor Measurement Unit 

(PMU) approaches. The discrete Fourier transform is the 

mostly used harmonic analysis computation algorithm (DFT). 

However, DFT has specific drawbacks due to the leakage 

effect, decreased precision, and slow speed in the presence of 

harmonics and noise. The computational cost-based filter for 

recursive DFT is extremely small. However, it may perform 

poorly, producing inaccurate estimates, due to fading dc 

components. The window size of the DFT-based filter affects 

its filtering ability. A small data window will produce a rapid 

response, but the output will be erratic. As a result, some 

solutions to fix these flaws have been suggested. When used in 

real time, the majority of the techniques are a compromise 

between accuracy and speed. In order to meet real-time 

demands, the Smart Discrete Fourier Transform (SDFT) is a 

precise digital technique. The benefits of SDFT include being 

quicker than DFT, being able to provide an exact solution in 

the presence of harmonics, and being able to provide an 

accurate solution even if the frequency deviates from the 

nominal frequency. In this paper, a real-time and accurate 

SDFT method for power system frequency estimation is put 

forth. Results from simulations [16] validate the SDFT 

method's validity and effectiveness in obtaining a real-time 

frequency estimate of the power system. 

 

 

II. Smart Discrete Fourier Transform (SDFT) 

 For an angular-frequency sinusoidal input signal  

𝑤 = 2𝜋𝑓 as, 𝑥(𝑡) =  𝑥 cos (𝑤𝑡 + ∅ )                                   (1) 

Where, x: Voltage or current signal amplitude 

       ∅ :  Vvoltage or current signal phase angle in radian. 

If the sample set x(k) is created by sampling the waveform x(t) 

at a sampling rate of (50N) Hz. 

𝑥(𝑘) = 𝑋 cos  ( 𝑤 
𝑘

50𝑁
+ ∅ )                                                   (2) 

Where, k = 0, 1, 2,......., N-1. 

The signal x (t) is conventionally represented by a phasor (a 

complex number) �̅� [16], 

�̅� = 𝑋 𝑒𝑗∅ = 𝑋 cos ∅ +  𝑗 𝑋 sin ∅                                          (3) 

Then x(t) can be expressed as [16], 

𝑥(𝑡) =  
�̅� 𝑒𝑗𝑤𝑡+ �̅�∗ 𝑒−𝑗𝑤𝑡

2
                                                           (4) 

a complex conjugate is indicated by * where 

Additionally, the fundamental frequency (Hz) element of the 

DFT of is provided by [16] 

𝑥�̂� =  
2

𝑁
 ∑ 𝑥(𝑘 + 𝑟) 𝑒−𝑗 

2𝜋𝑘

𝑁𝑁−1
𝑘=0                                               (5) 

Combining equation (4) and (5) and taking frequency 

deviation (𝑤 = 2𝜋 (50 + ∆𝑓)) into consideration, at last, we 

obtain [16] 

𝑥�̂� =  
�̅�

𝑁
  

sin
𝑁𝜃1

2

sin
𝜃1

2

 𝑒𝑗 
𝜋

50𝑁
 (∆𝑓(2𝑟+𝑁−1)+100𝑟)

 

+
�̅�∗

𝑁
  

sin
𝑁𝜃2

2

sin
𝜃2
2

 e−j 
π

50N
 (∆f(2r+N−1)+100(r+N−1))

                          (6) 

Where, 𝜃1 =  
2𝜋∆𝑓

50𝑁
 and 𝜃2 =  

2𝜋(2+
∆𝑓

50
)

𝑁
 

 If we define Ar and Br as, 

 𝐴𝑟
̅̅ ̅ =  

�̅�

𝑁
  

sin
𝑁𝜃1

2

sin
𝜃1
2

 𝑒𝑗 
𝜋

50𝑁
 (∆𝑓(2𝑟+𝑁−1)+100𝑟)

                               (7) 

𝐵𝑟
̅̅ ̅ =  

�̅�∗

𝑁
  

sin
𝑁𝜃2

2

sin
𝜃2
2

 𝑒−𝑗 
𝜋

50𝑁
 (∆𝑓(2𝑟+𝑁−1)+100(𝑟+𝑁−1))

                    (8) 

 Equation (6) can be rewritten as, 

𝑥�̂� =  𝐴𝑟
̅̅ ̅ + 𝐵𝑟

̅̅ ̅                                                                    (9) 

DFT has the benefit of recursive computation. The standard 

DFT implies that the frequency deviation is modest enough to 

be ignored, i.e.  𝑥�̂� ≈ 𝐴𝑟
̅̅ ̅. Therefore [16], 

∅𝑟 = arctan(𝑖𝑚𝑎𝑔( 𝑥�̂�)/𝑟𝑒𝑎𝑙(𝑥�̂�))                                    (10) 

𝑓 = 50 + 
∅𝑟− ∅𝑟−1

2𝜋
 × 50𝑁                                                   (11) 

Actually, the SDFT algorithm's first half development is 

identical to the classic DFT approach. As a result, SDFT has 

all of the advantages of DFT, such as recursive computation. 

When the frequency deviates from the nominal frequency, 

conventional DFT algorithms incur errors in estimating 

frequency and phasor (50Hz). However, in the SDFT, (Br) is 

considered. As a result, defining [16], 

𝑎 =  𝑒𝑗( 
𝜋

50𝑁
 (2∆𝑓+100))

                                                   (12) 

We may deduce the following relationships from equations (7) 

and (8)., [16] 

𝐴𝑟+1 =  𝐴𝑟 ∗  𝑎                                  (13) 

𝐵𝑟+1 =  𝐵𝑟 ∗  𝑎−1                                  (14) 

𝑥 ̂𝑟+1 =  𝐴𝑟+1 + 𝐵𝑟+1 = 𝐴𝑟 ∗  𝑎 + 𝐵𝑟 ∗  𝑎−1         (15) 

�̂�𝑟+1 =  𝐴𝑟+2 + 𝐵𝑟+2 = 𝐴𝑟+1 ∗  𝑎 + 𝐵𝑟+1 ∗  𝑎−1 

                                       =  𝐴𝑟 ∗  𝑎2 + 𝐵𝑟 ∗  𝑎−2        (16) 

Because equations (9), (15), and (16) have three unknown 

variables, we obtain [16], after some algebraic simplifications. 

�̂�𝑟+1 ∗  𝑎2 − (�̂�𝑟 + �̂�𝑟+2) ∗ 𝑎 + �̂�𝑟+1 = 0                           (17) 

Solving equation (17), we obtain 

𝑎 =  
(𝑥𝑟+𝑥𝑟+2) ± √(𝑥𝑟+𝑥𝑟+2)2− 4𝑥 ̂2𝑟+1

2  �̂�𝑟+1
                                            

Then from the definition of “a” in equation (12), we can get 

the exact solution of frequency [16], 

𝑓 = 50 + ∆𝑓 = 𝑐𝑜𝑠−1(𝑅𝑒(𝑎)) ∗
50

2𝜋
             (18) 
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Moreover, we can estimate phasor after getting exact “f” by 

following equations [16], 

𝐴𝑟 =
𝑥𝑟+1∗ 𝑎−𝑥𝑟

𝑎2  −1
                                                                    (19) 

𝑋 = 𝑎𝑏𝑠(𝐴𝑟) ∗
N∗sin (

𝜋∆𝑓

50𝑁
)

sin (
𝜋∆𝑓

50
)

                                                     (20) 

∅ = 𝑎𝑛𝑔𝑙𝑒 (𝐴𝑟) −
𝜋

50𝑁
 × (∆𝑓 × (𝑁 − 1))                         (21) 

It is observed that SDFT can provide exact frequency and 

phasor using 𝑥 ̂𝑟 , 𝑥 ̂𝑟+1 𝑎𝑛𝑑 𝑥 ̂𝑟+2 in the presence of frequency 

deviation. 

Following that, we consider harmonics. Assume you have a 

sinusoidal signal with frequency w=2f and mth harmonic 

given by [16], 

𝑥(𝑡) =  𝑋1 cos (𝑤𝑡 + ∅1 ) + 𝑋2 cos (𝑚𝑤𝑡 + ∅2 )        (22) 

Where, 𝑋1 , 𝑋2 : Voltage or current signal amplitude  

 ∅1, ∅2 :  voltage or current signal phase angle in radian. 

Following similar steps developed previously, we can get [16], 

�̂�𝑟 =
�̅�

𝑁
 𝑒𝑗 

2𝜋

𝑁
(1+

∆𝑓

50
)𝑟  ∑ 𝑒𝑗 2𝜋(

∆𝑓

50𝑁
)𝑘 +𝑁−1

𝑘=0

�̅�∗

𝑁
 𝑒−𝑗 

2𝜋

𝑁
(1+

∆𝑓

50
)𝑟  ∑ 𝑒

−𝑗 2𝜋(
2+

∆𝑓
50

𝑁
)𝑘

𝑁−1
𝑘=0      

+ 
�̅�

𝑁
 𝑒𝑗 

2𝜋

𝑁
(1+

∆𝑓

50
)𝑚𝑟 ∑  𝑒

𝑗 2𝜋(
(𝑚−1+

𝑚∆𝑓
50

𝑁
)𝑘

+𝑁−1
𝑘=0

�̅�∗

𝑁
 𝑒−𝑗 

2𝜋

𝑁
(1+

∆𝑓

50
)𝑚𝑟 ∑ 𝑒

−𝑗 2𝜋(
−1−𝑚+

𝑚∆𝑓
50

𝑁
)𝑘

𝑁−1 
𝑘=0                           (23) 

Then, 

�̂�𝑟 =  
𝑥1̅̅̅

𝑁
  

sin
𝑁𝜃1

2

sin
𝜃1

2

 𝑒𝑗 
𝜋

50𝑁
 (∆𝑓(2𝑟+𝑁−1)+100𝑟)

 

+
𝑥1̅̅̅∗

𝑁
  

sin
𝑁𝜃2

2

sin
𝜃2

2

 𝑒−𝑗 
𝜋

50𝑁
 (∆𝑓(2𝑟+𝑁−1)+100(𝑟+𝑁−1))

 

+ 
𝑥2̅̅ ̅

𝑁
  

sin
𝑁𝜃3

2

sin
𝜃3

2

 𝑒𝑗 
𝜋

50𝑁
 (𝑚∆𝑓(2𝑟+𝑁−1)+50(2𝑚𝑟+𝑚𝑁−𝑚−𝑁+1)) 

 

+
𝑥2̅̅̅̅ ∗

𝑁
  

sin
𝑁𝜃4

2

sin
𝜃4
2

 𝑒−𝑗 
𝜋

50𝑁
 (𝑚∆𝑓(2𝑟+𝑁−1)+50(2𝑚𝑟+𝑚𝑁−𝑚+𝑁−1))

      (24) 

 𝑥 ̂𝑟 =  𝐴𝑟 + 𝐵𝑟 + 𝐶𝑟 + 𝐷𝑟                                                 (25) 

𝑥 ̂𝑟+1 =  𝐴𝑟+1 + 𝐵𝑟+1 + 𝐶𝑟+1 + 𝐷𝑟+1  

           = 𝐴𝑟 ∗ 𝑎+𝐵𝑟 ∗ 𝑎−1 + 𝐶𝑟 ∗ 𝑎𝑚 + 𝐷𝑟 ∗ 𝑎−𝑚             (26) 

Where,  

𝐶𝑟 =
𝑥2̅̅ ̅

𝑁
  

sin
𝑁𝜃3

2

sin
𝜃3

2

 𝑒𝑗 
𝜋

50𝑁
 (𝑚∆𝑓(2𝑟+𝑁−1)+50(2𝑚𝑟+𝑚𝑁−𝑚−𝑁+1)) 

 

𝐷𝑟 =
𝑥2̅̅ ̅

𝑁
  

sin
𝑁𝜃4

2

sin
𝜃4

2

 𝑒𝑗 
𝜋

50𝑁
 (∆𝑓(2𝑚𝑟+𝑁−1)+50(2𝑚𝑟+𝑚𝑁−𝑚+𝑁−1)) 

 

𝜃3 =  
2𝜋(𝑚 − 1 +

𝑚∆𝑓
50

)

𝑁
 

𝜃4 =  
2𝜋(−𝑚 − 1 +

𝑚∆𝑓
50

)

𝑁
 

There are five unknown variables in Equation (25); hence, we 

need five equations to solve this problem. So, using, �̂�𝑟 ,
�̂�𝑟+1,  �̂�𝑟+2,  �̂�𝑟+3 𝑎𝑛𝑑  �̂�𝑟+4, we can get exact frequency and 

phasor in the presence of one harmonic [16].  
 

III. The Fault Detection Technique Under Consideration 

 A fault location index, an SDFT-based methodology, 

and PMU configuration make up the adaptive fault locator 

system. The adaptive PMU-based fault location technique's 

overall diagram is shown in Figure 2. The PMUs have a 

recently created SDFT algorithm that can be used to manage 

data obtained from both ends. To gauge how well the 

suggested fault-finding technique worked, the simulated 

voltage and current waveforms were immediately collected as 

synchronised sampled data (voltages and currents) from the 

appropriate ends. The SDFT approach is then used to extract 

the fundamental phasors. The following step is the estimation 

of line parameters. The right modal components have now 

been produced by the method and can be used to determine the 

index. This technique can be used to find transmission and 

distribution line faults. It is important to remember that the 

suggested method is recursive. Therefore, the suggested 

method is excellent for applications that involve online 

monitoring [6]. 

 
Figure 2: Adaptive PMU-based fault location system 

configuration [2,4]. 

 

 
Figure 3: One-line view of a single circuit transposed 

transmission line with a problem at x = DL distance from the 

bus R [6]. 

 

Figure 3 displays a transmission line with a single circuit 

transposed. The synchronized voltage and current phasors 

measured on buses S and, respectively, in Fig. 3 are labelled 

Vs, Is, VR, and IR. Vs, Is, VR, and IR are the synchronized 

voltage and current phasors measured on buses S and, 

respectively. L is the total length of the line between the buses. 

The sequence equations that follow, which employ 

symmetrical components transformation to decouple three 

phase values and solely handle the fluctuation of a distance 

variable, can describe the connection between voltages and 

currents at a distance x away from bus R. (km). 
dV

dx
=  Z I                                                                              (27) 

dI

dx
=  Y V                                                                             (28) 

 Where and are the transmission line's per-unit-length 

sequence impedance (Ohm/km) and admittance (Mho/km), 

respectively. The diagonal entries of matrices and are and, 

respectively, and the matrices of and are all diagonal matrices. 

The subscripts 0, 1, and 2 refer to the zero, positive, and 

negative sequence variables, respectively. The three decoupled 

sequence systems' voltage and current solutions can be stated 

as, 

Vxi =  [ Ai exp(τix) +  Bi exp(− τix) ]                       (29) 

Ixi =
1

ZCi
  [ Ai exp(τix) − Bi exp(− τix) ]                      (30) 
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 Where, ZCi = √ 
Zi

Yi
 denotes the characteristic 

impedance, and τi = √ZiYi  is the propagation constant. The 

constants Ai and Bi can be obtained by the boundary 

conditions of voltages and currents measured at bus R and bus 

S, respectively. Therefore, voltage (29) can be further 

rewritten as 

Vxi ,R =  
(Vxi ,R+ZCiIi ,R)

2
 eτix + 

(Vxi ,R−ZCiIi ,R)

2
 e−τix              (31) 

Vxi ,S =  
1

2
 e−τiL (Vi ,S + ZCiIi ,S)eτix +  

1

2
 eτiL (Vi ,S −

ZCiIi ,S)e−τix                                                               (32) 

 The voltages at point x are represented by equations 

(31) and (32), which are written in terms of the two data sets 

and measured at the line's receiving end R and transmitting 

end S, respectively. On a transmission line depicted in Fig. 3, 

a fault is considered to occur at point F, which is x = DL km 

from the receiving end R. D is the per unit fault location 

index. The index can be solved as follows, using the 

connection and equating (31) to (32). 

D =  
ln ( 

N

M
 )

2τL
                                                                          (33) 

Where M and N are given by, 

M =  
1

2
 ( VS + ZC IS ) e− τ L − 

1

2
 ( VR + ZC IR )                  (34) 

N =  
1

2
 ( VR − ZC IR )  −  

1

2
 ( VR − ZC IS ) eτ L                    (35) 

 The estimated complex value of D will be between 0 

and 1 if a fault occurs between buses S and R. The value of D 

is indefinite when no fault or an external fault occurs. It's 

worth noting that the process for calculating the fault location 

index D makes no assumptions. Variations in source 

impedance, loading change, fault impedance, fault inception 

angle, and fault type have no effect on the index D. In terms of 

mistake %, the performance index is defined as follows [6], 

 

Error(%) =
| Estimated location in km−actual location in km |

Total line length in km
× 100  (36) 

IV. Model of Power System Simulation 

 Figure 4 depicts a freshly created Simulink / 

SimPowerSystem microgrid model that combines a 10 MVA 

wind farm and a 200-kW solar farm with the distribution 

network. A 100 MVA conventional power plant with a three-

phase synchronous machine is connected to a 200 km long 

154 kV distribution characteristics transmission line through a 

TR1 step up transformer. At the substation, the voltage is 

reduced from 154 kV to 22.9 kV. (TR2). High-power 

industrial loads (6 MW) and low-power household loads are 

served by separate distribution branch networks (1 MW 

apiece). The wind farm is connected directly to the branch 

network (B1) at bus B3 through transformer TR3, and the 

solar farm with MPPT is connected directly to the branch 

network (B1) at bus B4 via transformer TR7, supplying power 

to home loads. The 10 MVA wind farm is composed of five 

fixed-speed induction-type wind turbines, each rated at 2 

MVA. At the time of the problem, the residential load is 

supplied with 3 MVA, of which the wind farm delivers 2.7 

MVA [17, 19]. 

 
Figure 4 shows a smart grid model in MATLAB/Simulink that 

uses nonrenewable sources and a Smart DFT-based PMU to 

locate faults in a distribution system. 

V. Simulation Outcomes 

 To simulate various problems on the distribution 

system at various distances in the distribution network, the 

system described above is first simulated in a healthy 

condition with nonrenewable sources. As an example of a 

catastrophic failure, such as a three-phase short circuit, the 

observed waveforms for three phase voltage, current, and 

power are presented below. 

 
Fig. 5: 3 Ph transmitting end voltage at 22.9 kV bus BS with 

an LLL fault at 0.75 sec.

 
Fig. 6: 3Ph Sending end at 22.9 kV bus BS with an LLL fault 

at 0.75 sec. 

 
Fig. 7: 3 Ph End active power was sent in the primary 

distribution circuit (MW) at 22.9 kV bus BS with an LLL fault 

at 0.75 sec. 

 
Fig. 8: 3 Ph Received end voltage (V) at 22.9 kV bus BR with 

an LLL fault at 0.75 sec 
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Fig. 9: 3 Ph Receiving end current at 22.9 kV bus BR with a 

LLL fault at 0.75 sec. 

 
Fig. 10: 3 Ph Receiving end power at 22.9 kV bus BR with a 

LLL fault at 0.75 sec. 

 
Fig. 11: At 0.75 sec, the 3 Ph voltage (V) at bus B3 (22.9 kV) 

wind farm is associated with an LLL fault. 

 
Fig. 12: At 0.75 sec, the 3 Ph Current (A) at bus B3 (22.9 kV) 

wind farm is associated with an LLL fault.

 
Fig. 13: At 0.75 sec, the 3 Ph Power (MW) at bus B3 (22.9 

kV) wind farm is associated with an LLL fault 

 
Fig. 14: At 0.75 sec, the 3 Ph voltage (V) at bus B3 (22.9 kV) 

solar farm is associated with an LLL fault. 

 
Fig. 15 At 0.75 sec, the 3 Ph Current (A) at bus B3 (22.9 kV) 

solar farm is associated with an LLL fault. 

 
Figure 16: Active power (kW) at bus B4 (22.9 kV), to which 

the wind farm is linked, with an LLL failure at 0.75 sec. Smart 

Discrete Fourier Transform is used to extract the voltage and 

current phasors. We assumed that every 10 kilometers along 

the line, a line-to-ground fault with a fault resistance of 0.001 

happens, and we applied the proposed method to each 

occurrence. Table 1 shows the simulation results, with 

estimation error defined as Eq. 36 for various faults.at various 

distances, such as three phase fault (LLL), three phases to 

ground (LLLG), double line to ground (LLG), and line to 

ground fault (LG). The errors range from -9.0280 to 2.2421 

percent, with the least error being - 0.0392 percent, which is 

close to zero, indicating that the suggested method is 

extremely useful in fault location. Actually, some mistake is 

unavoidable when determining the phasors of voltage and 

current due to DC offsets. 

Table 1: Located distance for different faults at various 

locations and % location error. 

 
Dist

anc

e in 

km 

LLL (SC) fault LLL-G fault LL-G fault L-G fault 

Distance 

in km 

% 

Error 

Distanc

e in km 

% 

Error 

Distanc

e in km 

% 

Error 

Distanc

e in km 

% 

Error 

0 0.0016 0.004 0.0016 0.004 0.4578 1.144 1.2187 3.046 

10 10.4292 1.073 10.4292 1.073 10.0350 0.087 8.4173 -3.956 

20 20.8968 2.242 20.8968 2.242 18.5664 -3.583 18.3888 -4.027 

30 30.0677 0.169 30.0677 0.169 27.2389 -6.902 28.2690 -4.327 

40 39.9855 -0.039 39.9855 -0.039 36.3888 -9.028 38.0674 -4.831 

 

 

Conclusion 

 In this paper, we propose an adaptive fault location 

method in a Smart grid with DG sources. Since no 

assumptions are made, the suggested index is especially 

robust. The creation of a parameter estimation method and an 

SDFT approach are also included in this study. The suggested 

technique can find distribution line faults very effectively with 

the addition of these algorithms. In our study, we made 

extensive use of MATLAB simulations. The proposed 

algorithm's performance under various fault events is 

evaluated using the simulation results. A particular filtering 

method is the SDFT. A strategy has been developed to address 

the aforementioned difficulties. It has been shown that the 

fundamental phasors and real system frequency can be 

extracted using the SDFT method. The accuracy of fault 

location estimation for several simulated instances can reach 

up to 99%. A high-performance phasor measuring unit (PMU) 

is suggested and built in this study. The proposed method will 

be a robust fault location index, a parameter estimate 

algorithm, the SDFT method, and a well-designed PMU, 

which will result in an adaptive, high-performance, and low-

cost fault-finding technique. 
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