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Abstract- A new statistical fault detection method is proposed in this paper to detect the faults in the distribution lines connected 
with wind farms. The approach is designed with the help of symmetrical nature of current signals during normal conditions of 
the system to detect the faults using the non-linearity segment. For this purpose, statistical mean of 1/4th cycle of current 
information is used with shifting window mechanism. The method utilize direct instantaneous signal information reduces the 
computational burden and increases the speed of the decision. The method is tested on wide class of unsymmetrical and 
symmetrical faults with different fault parameters. The influence of the location, inception angle and resistance of the faults are 
simulated to test the efficacy of the proposed method. Further, the investigations of the proposed methods are extended to variable 
wind system conditions to check the adaptability of the method. All the simulations are carried out on a 25 kV, 9 MW wind farm 
connected to grid using MATLAB-SIMULINK.  
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1. Introduction 

The symmetrical nature of the signal variations are helpful 
to detect the faults in normal transmission lines. Conventional 
techniques based on sample and cycle information useful to 
detect such signal distortions. Recently, integration of wind 
and solar increases the operational challenges especially from 
protection side. Therefore, fault detection is a challenging task 
in such systems. The wind and solar generation is integrated 
to grid through distribution lines and protection challenges 
need to be addressed in these areas [1]-[2].  A detailed review 
is provided to show the overview of the earlier research 
studies. 

The fault diagnosis of the wind integrating distribution 
system and transmission lines classified into three tasks 
namely, fault detection, faulty phase identification and fault 
classification, fault location [3]. After initiation of the fault,  
the instantaneous current magnitude increases, and it is 
detected by the fault detector (FD). Once fault detection task 
in completed, the faulty component is isolated from the rest of 
the system. Fault classification and location are the post fault 
diagnosis works [4]. Therefore, careful design of FD is 
important for more secure and reliable system. Conventional 

distance relays and differential relays are suitable for normal 
power transmission networks and are extended to renewable 
penetrated networks [5]-[9].In case of wind penetrated 
networks, the fluctuations in grid side voltage, current and 
power due to  continuous variation of wind speed trigger the 
adaptiveness of the distance relay. In [5],  the boundaries of 
the distance relay are set by considering the variations of the 
wind and system parameters. The adaptivity of trip 
characteristics are achieved with artificial neural 
networks(ANN) in [6]. In detail, local information of wind 
units are associated with ANN to develop the characteristics 
of the zone settings to avoid mal operation of the distance 
relays. Furthermore, the distance relay measured impedance 
used to locate the faults in conventional systems. However, it 
doesn’t reflect the accurate location in wind farm fed 
induction generator-based systems due to dynamic variations 
of the system. In particular, the impedance failed to represent 
the fault location a few cycles after occurrence of symmetrical 
fault. The counter measures of such problems are presented in 
[7]. Several works are reported in the consequent years and 
recently a new method is presented in [8] using the geometric 
distribution characteristics (GDC) of the lines connected to 
wind farms called collector lines. Using the GDC of the 
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collector line information of voltage and current, an adaptive 
distance protection strategy is used to classify the faulty line 
along with the fault detection. Differential relays are also 
useful to detect, classify and locate the faults in transmission 
networks integrating with high penetration of renewables. The 
combined approaches are available in literature to produce 
reliable outputs during faults [9]. In [9], a method is provided 
based on the combination of distance and differential 
protection. Since the calculated impedance is the effected 
factor in wind integrating systems, the method utilizing the 
information of active power at both ends to estimate the fault 
resistance. The method handled typical cases better than 
existing distance and differential relay schemes. Apart from 
the distance and differential schemes, few other approaches 
are available in existing research findings. In [10], current 
phase comparison pilot scheme is provided to protect the 
distributed lines with distribution generation. Instead of the 
single end information, both end information improve the 
protection attributes and enhance the security and reliability of 
the schemes. In line, an impedance angle-based differential 
algorithm is proposed in [11] to protect the microgrid. The 
scheme is implemented with two terminal information 
provided reliable decisions during typical faults. The change 
in the information of the voltage and current is identified by 
enhancing the features of the information. This task is fulfilled 
by signal processing tools such as wavelet transform (WT), S-
transform and Hilbert transform etc. With availability of the 
large input features, artificial intelligent techniques are helpful 
to adopt correct and reduced information of extended input 
features. Such type of the works are available in [12]-[15]. In 
[12], WT is used to detect the faults in DG penetrated network. 
In case of DG, islanding event need to be discriminated from 
faults to improve the protection attributes of the algorithm. In 
[13], support vector machine is used to classify the grid faults 
conditions and islanding events.  In [14], extreme learning 
machine is used to protect the microgrid in presence of 
intermittency of the wind speed. In [15], Hilbert-Huang 
transform is used to implement the differential scheme to 
protect microgrid consist of renewable DG’s. Apart from these 
intelligent tools, few methods are available based on signal 
symmetry. In [16], both fault detection and faulty phase 
classification tasks are achieved with transient energy indices. 
In [17], positive sequence component based differential 
scheme is presented to protect wind integrated network with 
additional support from meta heuristic algorithm. Most of 
these works are related to wind integrated networks and few 
works are available on photovoltaic penetration [18]-[20]. All 
these works reported from [4]-[20] utilizing complex 
mechanisms to protect the renewable penetrated networks 
[21]-[26].   

In this paper, signal symmetrical nature mean-based 
technique is proposed to detect the faults in the distributed 
lines connected to wind farms. The method is also extended to 
identify the faulty phases after detection. To implement this 
method,  3-phase currents are measured at grid connecting 
point and processed through proposed SNM method. The 
efficacy of the method is proved with extensive simulations 
by varying the types of faults, location of faults, inception 
times of fault and fault resistances. Furthermore, a separate 
comparison are provided to show the merits of the method 

over other popular methods in terms of speed and 
dependability. The method is simple, easy to implement, 
provide quick decision during faults and robust. The details of 
the proposed method  are provided in section 2. Test system 
details are provided in section 3. Simulation results are 
presented in section 4 and comparisons in section 5. Finally, 
conclusions are listed in section 6. 

 
2. Proposed Method 

 
During the normal operating conditions, the instantaneous 

phase current of the test system mathematically expressed 
with a sinusoidal function and provided in the discrete form to 
implement proposed fault detector in the digital relays shown 
in Equation (1)  

 
𝑖"(𝑛) = 𝐼( sin ,2𝜋𝑓0 ,

1
23
4 + 𝜑4 , 𝑛 = 0,1,2, …𝑁     (1) 

                          
In Equation (1), 𝑝 is the phase, 𝑓0is the fundamental 

frequency, 𝜑	is the phase angle shift w.r.to reference frame in 
radians/sec, 𝑓>is the sampling frequency. Since the method is 
framed based on the number of the samples of the 1/4th cycle 
of the signal, it is necessary to express the Equation (1) based 
on the number of samples of the full cycle of the instantaneous 
current signal. The remodified expression of equation (1) is 
given by 

𝑖"(𝑛) = 𝐼( sin ?2𝜋 ?
1
@A
B + 𝜑B                   (2) 

In equation (2), 𝑁2is the number of samples of one full 
cycle of the instantaneous current signal whose value is the 
ratio of sampling frequency and system operating frequency is 
shown in Equation (3) 

𝑁2 =
𝑓>
𝑓0C                                    (3) 

For the 1/4thsub cycle, the number of the samples are𝑁2 4C  
considered into a single window and all the samples mean is 
considered as fault detection metric. The number of samples 
in each window is same during the normal and fault situations 
as shown in Figure 1. However, the mean values of the 
samples inserted in the windows during the normal condition 
are same due to the symmetry nature of the current signal. 
With initiation of fault in the system, the current amplitude 
abruptly increases/decreases and therefore the mean metric 
differs from the pre-fault measure. This unique feature of the 
instantaneous current signal useful to detect faults in the 
system and discriminate them from normal condition to isolate 
the faulty components from the rest of the system.  
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Fig.1. Shifting window mean calculation in current signal 
during normal and fault conditions. 

 
Suppose the mean of the samples in the 1/4th cycle window 

is 𝑖EF_HIJ1 and which is constant during the normal operating 
conditions of the system due to signal symmetry. The 
expression is given by   
 

𝑖EF_HIJ1 = ±𝑘M	, 𝑖 = 1,2, …𝑃                     (4) 
 

The value of the P is equal to 4 times of total cycles of the 
signal since one cycle is equal to 4 quarter cycles and 
therefore, P mean values are possible in each case. During the 
faults and the disturbances, this mean value exceeds from 
nominal value ±𝑘M. To make the detection process 
comfortable, absolute value of the mean is considered in each 
window instead of actual value. To record faults, the decision 
logic is given by 

𝑖EF_HIJ1 ≥ 	𝜃                                  (5) 

The value of 𝜃 is called pre-defined threshold to detect the 
disturbances. However, it is important to discriminate the 
faults from other non-fault disturbances. To discriminate 
faults, a proper threshold is required and the feasible value of 
the threshold to detect all types of faults is given by 

𝜃 > 𝑘M                                   (6) 

The pre-defined threshold is 𝑘M identified by using the 
normal condition signal monitoring.  During normal 
conditions, the absolute mean of all the samples in each sliding 
window is same. For example, the values in between 0o to 900  
are 0, 18, 36, 54, 72 and 90 and 90o to 180o  are 90, 108, 126, 
144, 162 and 180 possess same trigonometric values and the 
calculated mean is also same from these samples. However, 
the value changes with disturbance condition detected using 
the equation (6). 

 
 

3. Test System  
 

To test the performance of the proposed SNM-based fault 
detection and faulty phase identification method, 9 MW of 
wind farm connected to 25 KV distribution system exports 
electrical power to grid operated at 120 KV. The length of the 
distribution line is 30 km. The wind turbines Doubly fed 
induction generator (DFIG) used by wind turbines consist of 
a wound rotor induction generator and an AC-DC-AC based 

pulse width modulation (PWM) converter with IGBT’s with a 
total number of 6 units each of 1.5 MW capacity. The test 
system operated at 60 Hz is modelled in SIMULINK and 
signals are sampled at 1 kHz and algorithm is tested using 
MATLAB R2018a software. Three phase π network is used in 
the simulations of the distribution line to create the faults with 
the positive and zero sequence resistances of  0.0201Ω/km  
and 0.1065 Ω/km respectively. The positive, zero sequence 
inductances are 0.7611 mH/km, 2.301 mH/km, capacitances 
are 11.33 μF/km and 5.01 μF/km respectively.    

 

Fig. 2. Single line diagram of the test system [22] 

4. Simulation Results 
 

The signal symmetrical nature deviates from the regular 
sinusoidal structure due to inception of fault and/or other 
disturbances. The deviation in faults comparatively larger in 
magnitude compared to other disturbances such as noise in 
signal, harmonics, spikes, capacitor switching and load 
disturbances. This unique feature of the proposed algorithm is 
useful to detect all types of the faults involving single-phase-
to-ground, line-to-line, line-to-line-ground, and three phase 
faults. Wide range of simulations are carried out to test the 
efficacy of the proposed method to validate the performance 
of the proposed scheme.    
 
4.1. Line-to-ground faults 
 

The line-to-ground faults occurs 85% times of overall fault 
incidents. The detection magnitude of the line-to-ground 
faults is comparatively small due to single phase involvement 
in the fault. Both criterions of occurrence of faults and index 
magnitude are considered in this paper to validate the 
performance of the proposed approach. For this purpose, three 
different single line-to-ground faults are considered to carry 
simulation studies. An A-g fault is created at 12 km from the 
grid-side initiated at inception time of 1.4 sec with a fault 
resistance of 8Ω and corresponding current signals are 
retrieved at relay point. This current information is further 
processed through the proposed detection scheme to identify 
the occurrence of faults. Both current and detection indices are 
plotted in Figure 3 for the A-g fault. Similar to A-g fault, B-g 
and C-g faults are simulated at different fault operating 
conditions to check the performance of the proposed scheme. 
In case of B-g fault, fault location of 22 km, fault inception 
time of 1.5 sec and fault resistance of 5Ω are considered to 
investigate the performance of the method. In case of C-g 
fault, fault location of 10 km, fault inception time of 1.6 sec 
and fault resistance of 20Ω are considered to investigate the 
performance of the method. The responses of the proposed 
method during B-g and C-g faults are shown in Figures 4 and 
5 respectively. 

 

       Grid 

W P 

 ~ 
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 F Zs Collecting 
Point 

S 
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Fig. 3. SNM-based method output during A-g Fault, a. 
currents, b. Means. 

Fig. 4. SNM-based method output during B-g Fault, a. 
currents, b. Means 

Fig. 5. SNM-based method output during C-g Fault, a. 
currents, b. Means 

The mean values of each phase during the normal 
condition is same as discussed in section 4 equal to 1 as shown 
in Figures 3, 4 and 5 before fault inceptions 1.4, 1.5 and 1.6 
sec. With initiation of the fault, the mean values are increased 
from their nominal values based on the type of fault. In case 
of A-g fault, the index corresponding to A-phase rises from 1 
due to fault. However, other indices corresponding to B and C 
phases are remained unaltered since they are non-faulty 
phases. This feature useful to classify the faulty phase along 

with the fault detection. Similar observations are extracted in 
the Figure 4 and Figure 5 with respect to B-g and C-g faults. 
Since the mean values are over the threshold when the 
problems first appear, these defects are simple to identify. 

4.2. Multi-phase unsymmetrical faults 

Furthermore, the detection method is verified for double 
line faults. There are 3 types of faults considered under multi-
phase double line faults known as A-B, B-C, and A-C faults. 
These faults are simulated on given test system and the 
response of the method is presented in Figures 6, 7 and 8. In 
Figure 6, the current information and corresponding variation 
of means are presented for a A-B fault located at 15 km from 
relay point (middle of the line) with a phase-phase fault 
resistance of 10Ω, initiated at 1.42 sec. In case of B-C fault, 
fault location is 5 km, fault inception time 1.38 seconds, and 
fault resistance is 5Ω. In case of A-C, fault location is 25 km, 
fault inception time 1.53sec, and fault resistance is 1Ω.  

 
Fig. 6. SNM-based method output during A-B Fault, a. 
currents, b. Means

Fig. 7. SNM-based method output during B-C Fault, a. 
currents, b. Means
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Fig. 8. SNM-based method output during A-C Fault, a. 
currents, b. Means 

From the responses of the proposed method, it is clearly 
evident that the values of mean are exceeds thresholds after 
fault initiation and trip signals are generated as a result with 
100% dependency. The phases involved in fault contact are 
recognised from the indices similarly to single line-to-ground 
faults, and the approach therefore also completes the task of 
faulty phase identification. 

 
4.3. Line-to-line-ground faults 

To investigate the performance of the proposed scheme 
during line-to-line-ground faults, 3 faults are simulated in the 
test system and the data is processed though the proposed 
SNM method to estimate the means of the currents in each 
window to check the performance of the algorithm. The 3 
cases are A-B-g (Fig. 9), B-C-g (Fig. 10) and A-C-g (Fig. 11) 
faults.  

The faults are simulated with the following parameters: 
A-B-g: Fault location of 18 km, Fault resistance of 10Ω and 
inception time of 1.49 sec. 
B-C-g: Fault location of 14 km, Fault resistance of 10Ω and 
inception time of 1.46 sec. 
A-C-g: Fault location of 16 km, Fault resistance of 10Ω and 
inception time of 1.64 sec. 

 

Fig. 9. SNM-based method output during A-B-g Fault, a. 
currents, b. Means 

4.4 Three phase faults 

The occurrence of symmetrical three phase faults is rare, 
but their detection is easy compared with single line-to-ground 
faults. The involvement of the three phases in fault produce 
higher detection indices in terms of magnitude compared to 
detection indices associated with single line and double line 
faults. To show the performance of the proposed method 
against three phase faults, an A-B-C fault is simulated with 
fault location of 28 km, fault inception time of 1.55 sec and 
fault resistance of 1Ω. Figure 12 shows the results of the SNM 
scheme. Even the fault location is remote end, the detection 
indices magnitudes are higher compered to L-g faults.  

Fig. 10. SNM-based method output during B-C-g Fault,       a. 
currents, b. Means 

Fig. 11. SNM-based method output during A-C-g Fault, a. 
currents, b. Means 

4.5 Three phase to ground faults 
 
Three phase-to-ground faults are another typical fault with less 
probability occurrence. To check the validity of the proposed 
SNM scheme, an A-B-C-g fault is simulated with fault 
location of 8 km, inception time of 1.52 sec and fault 
resistance of 1Ω. The proposed method detects symmetrical 
faults quickly and provide correct faulty phase classification. 
The results associated with three phase symmetrical fault are 
presented in Figure 13. 
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Fig. 12. SNM-based method output during A-B-C Fault, a. 
currents, b. Means 

Apart from the types of faults, fault parameters such as 
location, inception and resistance of faults are also influencing 
factors of protection attributes of such as dependability and 
speed. The effect of these factors are illustrated in the 
following sections to show the performance of the proposed 
scheme. 

Fig. 13. SNM-based method output during A-B-C-g Fault, a. 
currents, b. Means 

4.6 Effect of Fault location 

The line impedance influence the magnitude of the current 
which further impacts the detection algorithm metrices since 
they are calculated from the variations of the voltage and 
current measured at receiving end. Fault location is the fault 
parameter changes line impedance and therefore detection 
indices. In this case, an A-g fault is considered to check the 
variation of the three phases SNM values by varying the 
location of the fault with inception time of 1.5 sec and fault 
resistance of the 5Ω. The line variation associated results are 
provided in Figure 14. Since the fault is in A-phase, the mean 
values corresponding to A-phase exceeds the pre-defined 
threshold and other mean values corresponding to B and C 
phases are still in normal range. Furthermore, the increase in 
the location value decreases the mean value since the 

magnitude of the current decreases as impedance of the line 
increases with location. These observations are clearly visible 
in Figure 14. However, the proposed scheme is able to detect 
all the faults irrespective of the location of the fault shows the 
efficacy of the method. 

Fig. 14. SNM variation with fault location in case of L-g faults 

4.7 Effect of fault inception angle 
 

The fault inception time/angle is another fault parameter 
effect the detection algorithm index magnitude. Unlike fault 
location, the effect of the fault initiation time is minimum. 
However, the method is tested to verify the effect of the fault 
inception time since there are few algorithms are failed at zero 
inception angles. For this purpose, an A-B fault is considered 
with fault location of 15 km and fault resistance of 10Ω. The 
inception time of the fault is started at 1.4 sec and ended at 1.5 
sec by considering 100 simulation cases in the 0.1 sec covers 
100 inception times of the fault. The results are plotted in 
Figure 15. Since the fault is in A-B type, the mean values 
corresponding to A-and B-phases exceed the pre-defined 
threshold and other mean values corresponding to C phase are 
still in normal range. Furthermore, the variations in inception 
times changes  the mean values. These observations are visible 
in Figure 15.  

Fig. 15. SNM variation with fault inception in case of L-L 
faults 
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4.8. Effect of fault resistance 

 The fault resistance is the most influencing parameter 
among the location, inception and fault resistance. The effect 
of the variation of the fault resistance on signal means are 
plotted in Figure 16. To show these variations, B-g fault is 
simulated with fault location of 15km and fault initiation time 
of 1.5 sec. The fault resistance is varied from 1Ω to 20Ω, and 
indices of all phases are presented in Figure 16. Except the 
high resistive faults, all other faults are detected by the 
proposed scheme and faulty phase classification is also 
executed by the mechanism.  

Fig. 16. SNM variation with fault resistance in case of L-g 
faults 

 
4.9. Close in fault response  

 Apart from the regular fault cases, close in fault and 
simultaneous faults are simulated to check the performance of 
the proposed scheme under these special faults. Figure 17 
shows the response of the proposed scheme when an A-g close 
in fault occurs at the grid bus. From the mean metrices, it is 
observed that the proposed SNM method is capable of 
detecting all typical faults along with normal faults.  

 
Fig. 17. SNM variation with fault resistance in case of L-g 
faults 

 
 
Along with the acceptable detection results of the proposed 
method, faulty phase identification is another advantage of the 
method. Different types of faults are simulated to record the 
faulty phase information from the proposed method and 
results are reported in Table 1. In all cases, correct faulty phase 
is identified by the method. All these faults are detected within 
half cycle based on the mean variation of 2 windows reduces 
the fault detection time. The detection time information is also 
presented in the Table 1.  

Table 1. Faulty phases and detection times of different faults 
using proposed method 

Faulty phase classifications 

Fault type with parameters Faulty 
phases 

Detection 
time 

A-g fault, 12 km, 1.4 sec, 10Ω A 4 msec 

B-g fault, 10 km, 1.4 sec, 20Ω B 6 msec 

C-g fault, 22 km, 1.4 sec, 30Ω C 5 msec 

A-B fault, 2 km, 1.4 sec, 1Ω A,B 4 msec 

B-C fault, 6 km, 1.4 sec, 5Ω B,C 3 msec 

A-C fault, 8 km, 1.4 sec, 4Ω A,C 4 msec 

A-B-g fault, 24 km, 1.4 sec, 10Ω A,B 3 msec 

B-C-g fault, 15 km, 1.4 sec, 10Ω B,C 3 msec 

A-C-g fault, 17 km, 1.4 sec, 10Ω A,C 4 msec 

A-B-C fault, 28 km, 1.4 sec, 5Ω A,B,C 7 msec 

 

5. Comparisons 
 

Apart from the extensive simulation studies to show the 
performance of the proposed scheme at various types of the 
faults located at different distances with wide range of fault 
inception angles and fault resistances, it is necessary to check 
its performance at typical case studies. To validate the method 
at typical fault cases, a remote end fault is simulated. 
Additionally, the response of the method is compared with 
other standard methods. For simulation study, an A-g fault is 
considered with fault location of 28.8 km from the relay end, 
initiated at 1.5 sec with a fault resistance of 10Ω. For 
comparison, two methods are opted. In first method, mean-
based estimation is used since the proposed method also used 
mean of the current samples. Wavelet transform method is 
used as second to show the merits of the proposed scheme. 
These methods are extensively used for fault detection studies 
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as discussed in section1 fails to provide correct trip during the 
simulated fault case. However, the proposed method is able to 
identify the fault located at remote terminal shows the 
effectiveness of the proposed method. All the cumulative 
results are presented in Figure 18. 

 
Fig. 18. Response of the proposed scheme during remote end 
fault 
 
6. Conclusion 

 
In this paper,  SNM based new protection scheme is 

proposed to protect the distribution system connected with 
wind farm exports electrical power to main grid. The proposed 
scheme provide accurate decisions during faults in quick time. 
Along with the detection, faulty phases are identified by the 
proposed algorithm is an added advantage of the method. 
Along with normal faults, remote end faults are also detected 
by the method reliably and provided correct decisions to 
generate the trip commands. The method is dependable 
irrespective of the fault parameters and fault types. Due to 
symmetry concept incorporated in the mechanism, the method 
is applicable to any network. In future, the metrices are used 
to locate the faults with the help of artificial and machine 
leaning algorithms.  
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