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Modern power system is highly penetrated with the green energy comprised of 

solar, wind and mini hydro power plants all over the power grid. Fault analysis 

and protection plays a dominant role for avoiding the islanding, partial blackout 

or complete blackout of the power system. Wind plant was designed and with 

Asynchronous Generator with self excitation equipped with a STATCOM. Fault 

analysis have been performed in this plant with all kinds of faults such as three 

phase fault, LG fault, LL fault and LLG faults. Type and location of faults have 

been detected with the help of identification of low voltages and huge currents in 

appropriate bus and phase of the system. The wind system is simulated with two 

cases, case1 with detection of fault and without protection and case2 is with 

detection and digital protection with isolation of fault. The simulation results have 

been proven that the digital protection scheme is most powerful in restoring the 

system with immediate isolation of fault from the rest of the wind energy system. 

 

 

1. Introduction 

The modern age requires huge amount of power, which can be met by the high penetration of 

the green energy generation with wind and solar power plants. This article focuses on wind 

power equipped with the asynchronous generator with self excitation. The wind power plant 

is designed for feeding remote loads in the villages and thandas of the Indian continental, 

where there is no availability of the power supply either D.C or A.C. Hence asynchronous 

Generator is embedded in the wind plant as a power generator, which does not need any power 

supply except reactive power supporting equipment. In this article wind plant is developed 

with self excited asynchronous generator with capacitor bank and Static Synchronous 

Compensator (STATCOM). Fault analysis plays a major role in modern power system, which 

has been equipped with huge amounts of green energy such as solar, wind and mini hydro 

power plants. Diagnosis of both symmetrical faults and unsymmetrical faults viz. three phase 

fault, LG fault, LL fault and LLG faults. The faults are identified with the waveforms of both 

phase voltages and phase currents of the system at different parts of the system. The digital 

protection is quite essential and used to isolate the fault from the healthy part of the power 
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system in order to restore the system. 

The developed system have been simulated with two different cases, case I is identification of 

faults with the use of phase voltages and phase currents at various locations of wind power 

plant and case 2 with isolation of fault with the use of digital protection. 

◻ Designed and developed wind power plant model for remote loads with Asynchronous 

Generator with capacitor bank in the self excited mode without any additional electrical supply 

or grid. 

◻ Performed fault analysis at different locations of wind power plant with three phase 

fault, LG fault, LL fault and LLG faults 

◻ Isolated the faulty section from the healthy part of the system to restore the WES to 

its normal state with the use of digital protection. 

Organization of the article: 

Section II describes the main system which comprising of the wind power plant, asynchronous 

generator, STATCOM and power quality compensation equipment. Section III discusses the 

simulation models of wind plant with STATCOM and power quality compensators and 

subsequent part describes the FFT analysis with THD values for both of these cases. Lastly 

comparative analysis of power plant without and with harmonic compensators have been 

performed with wave forms, tabular forms and bar graphs. 

 

2. MATERIALS AND METHODS 

In this section the developed components of the wind power plant, FACTS devices and their 

mathematical models, design and development for mitigation voltage harmonics including the 

development of filters have been discussed. 

II.1. WIND POWER PLANT 

Wind Power Plant with asynchronous generator with a capacitor bank and STATCOM has 

been illustrated in Fig.1 depicts the Wind Power Plant with asynchronous generator with 

STATCOM and the equations 1 to 4 describe the mathematical modelling of the wind plant. 
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Fig.1 Wind Power Plant with Self Excited Induction Generator with STATCOM 

II.2. ASYNCHRONOUS GENERATOR 

Asynchronous generator equations have been described below and it is operating in negative 

torque-slip region [7] and [9]. Equations 4 to 8 describes the mathematical modeling of the 

Asynchronous Generator used as self excited wind generator. 

Stator Side Equations 

 
II.3 STATCOM 

STATCOM is a shunt connected device which employs IGBT as depicted in Fig.2, which is 

basically fast acting switching device in order to improve stability of power system. The 

Fig.3depicts the V-I Characteristics of STATCOM VI characteristics depicts that the 

STATCOM [1] to [5]. 

Mathematical Modelling of DSTATCOM 

The equations for active power, reactive power of STATCOM are as follows; Consider 𝑉 = 

system terminal voltage 𝑡 
𝑉 = STATCOM output voltage 
𝑠𝑡 
𝑋 = Inductive reactance 
𝐿 
𝑉 = DC capacitor voltage 

 



1409 Venu Yarlagadda et al. Faults Detection and Isolation in Wind Energy...                                                                                  
 

Nanotechnology Perceptions Vol. 20 No. S16 (2024) 

The equation of DSTATCOM DC side can be given as; 

The mathematical equations of DSTATCOM can be expressed as; 

𝐿 = series inductance 

𝑅 = series resistance 

𝑖
𝑎𝑐

, 𝑖
𝑏𝑐

, 𝑖
𝑐𝑐 

are output currents of DSTATCOM 

𝑉
𝑎𝑐

, 𝑉
𝑏𝑐

, 𝑉
𝑐𝑐 

are output voltages of DSTATCOM 

 

 

Fig.2 STATCOM Power Circuit 

 

3. RESULTS, ANALYSIS AND DISCUSSION 

The wind plant have been designed and simulated with a capacitor bank and STATCOM along 

with harmonic compensators. The developed wind power plant with STATCOM fed 

asynchronous generator have been illustrated by the below Fig. 4 and is also equipped with 

faults and digital protection. The developed system was designed for feeding the remote loads 

in villages and thandas of Indian continental without any power supply. This system is 

simulated for two cases, case I is identification of faults with the use of phase voltages and 
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phase currents at various locations of wind power plant and case 2 with isolation of fault with 

the use of digital protection and these results have been presented in this article with phase 

voltages and phase currents and Fig.3 depicts the Simulink diagram of wind power plant with 

self excited induction generator with STATCOM and faults. 

 

Fig.3 Simulink diagram of Wind Power Plant with Self Excited Induction Generator with 

STATCOM and faults 

The following section of this chapter discusses the case study and results of WES fault analysis 

and isolation with digital protection. 

Three phase fault analysis: Detection and isolation 

Fig.4-6 illustrates the detection of three phase fault with under voltage relay in phase R, phase 

Y, phase B of WES, subsequently Fig.7 illustrates the Detection of fault with over current 

relay for a three phase fault in WES. Fig.8 illustrates the phase R Voltage with Isolation of 

three phase fault with digital protection, Fig.9 depicts the phase Y Voltage with Isolation of 

three phase fault with digital protection and Fig.10 detects the Phase B Voltage with Isolation 

of three phase fault with digital protection. Fig.11-13 shows the Phase R,Y and B phase 

currents with Isolation of three phase fault with digital protection. 

 

Fig.4 Detection of fault with under voltage relay in phase R for a three phase fault 
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Fig.5 Detection of fault with under voltage relay in phase Y for a three phase fault 

 

Fig.6 Detection of fault with under voltage relay in phase B for a three phase fault 

 

Fig.7 Detection of fault with over current relay in all phases for a three phase fault 
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Fault clearance with digital protection 

 

Fig.8 Phase R Voltage with Isolation of three phase fault with digital protection 

 

Fig.9 Phase Y Voltage with Isolation of three phase fault with digital protection 

 

Fig.10 Phase B Voltage with Isolation of three phase fault with digital protection 
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Fig.11 Phase R Current with Isolation of three phase fault with digital protection 

 

Fig.12 Phase Y Current with Isolation of three phase fault with digital protection 

 

Fig.13 Phase B Current with Isolation of three phase fault with digital protection 

LG Fault Analysis: Detection and isolation 

The following section signifies the detection of LG fault with under voltage and over current 

relays and its isolation for restoring the system to its normal state. Fig.14 shows the detection 

of fault with under voltage relay in phase R for an LG fault, Fig.15 illustrates the detection of 

fault with over voltage relay in phase Y for an LG fault, Fig.16 shows the detection of fault 

with over voltage relay in phase B for an LG fault. Fig.17 shows the detection of fault with 

over current relay in phase R for an LG fault, Fig.18 depicts the phase R voltage with Isolation 
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of LG fault with digital protection and Fig.19 illustrating the phase Y voltage with Isolation 

of LG fault with digital protection and Fig.20 shows the phase B voltage with Isolation of LG 

fault with digital protection. Fig.21 illustrate the phase R current with Isolation of LG fault 

with digital protection, Fig.22 depicts the phase Y current with Isolation of LG fault with 

digital protection, Fig.23 shows the phase B current with Isolation of LG fault with digital 

protection. 

 

Fig.14 Detection of fault with under voltage relay in phase R for an LG fault 

 

Fig.15 Detection of fault with over voltage relay in phase Y for an LG fault 

 

Fig.16 Detection of fault with over voltage relay in phase B for an LG fault 
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Fig.17 Detection of fault with over current relay in phase R for an LG fault 

 

Fig.18 Phase R voltage with Isolation of LG fault with digital protection 

 

Fig.19 Phase Y voltage with Isolation of LG fault with digital protection 
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Fig.20 Phase B voltage with Isolation of LG fault with digital protection 

 

Fig.21 Phase R current with Isolation of LG fault with digital protection 

 

Fig.22 Phase Y current with Isolation of LG fault with digital protection 
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Fig.23 Phase B current with Isolation of LG fault with digital protection 

LL fault analysis 

LL fault analysis: Detection and isolation 

The following section signifies the detection of LL fault with under voltage and over current 

relays and its isolation for restoring the system to its normal state. Fig.24-26 shows the phase 

R, Phase Y, Phase B voltages with under voltage relay for LL fault. Fig.27 illustrates the phase 

R Current with over current relay for LL fault with digital protection, Fig.28 shows the phase 

Y Current for LL fault and Fig.29 illustrates the phase B Current with over current relay for 

LL fault. Fig.30 depicts the phase R Voltage with clearance of LL fault with digital protection, 

Fig.31 illustrates the phase Y Voltage with clearance of LL fault with digital protection and 

Fig.32 shows the phase B Voltage with clearance of LL fault with digital protection. Fig.33 

shows the phase R Current with clearance of LL fault with digital protection, Fig.34 illustrates 

the phase Y Current with clearance of LL fault with digital protection and Fig.35 depicts the 

phase B Current with clearance of LL fault with digital protection. 

 

Fig.24 Phase R Voltage with under voltage relay for LL fault with digital protection 
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Fig.25 Phase Y Voltage with under voltage relay for LL fault with digital protection 

 

Fig.26 Phase B Voltage with under voltage relay for LL fault with digital protection 

 

Fig.27 Phase R Current with over current relay for LL fault with digital protection 
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Fig.28 Phase Y Current for LL fault 

 

Fig.29 Phase B Current with over current relay for LL fault 

 

Fig.30 Phase R Voltage with clearance of LL fault with digital protection 
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Fig.31 Phase Y Voltage with clearance of LL fault with digital protection 

 

Fig.32 Phase B Voltage with clearance of LL fault with digital protection 

 

Fig.33 Phase R Current with clearance of LL fault with digital protection 
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Fig.34 Phase Y Current with clearance of LL fault with digital protection 

 

Fig.35 Phase B Current with clearance of LL fault with digital protection 

LLG Fault Analysis: Detection and isolation 

The following section signifies the detection of LL fault with under voltage and over current 

relays and its isolation for restoring the system to its normal state. Fig.36 illustrates the phase 

R Voltage with under voltage relay for LLG fault, Fig.37 shows the phase Y Voltage for LLG 

fault and Fig.38 illustrates the phase B Voltage with under voltage relay for LLG fault. Fig.39 

illustrates the phase R Current with over current relay for LLG fault, Fig.40 shows the phase 

Y Current for LLG fault and Fig.41 depicts the phase B Current with over current relay for 

LLG fault. Fig.42 illustrates the phase R Voltage with clearance of LLG fault with digital 

protection, Fig.43 depicts the phase Y Voltage with clearance of LLG fault with digital 

protection and the Fig.44 shows the phase B Voltage with clearance of LLG fault with digital 

protection 
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Fig.36 Phase R Voltage with under voltage relay for LLG fault 

 

Fig.37 Phase Y Voltage for LLG fault 

 

Fig.38 Phase B Voltage with under voltage relay for LLG fault 
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Fig.39 Phase R Current with over current relay for LLG fault 

 

Fig.40 Phase Y Current for LLG fault 

 

Fig.41 Phase B Current with over current relay for LLG fault 
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Fig.42 Phase R Voltage with clearance of LLG fault with digital protection 

 

Fig.43 Phase Y Voltage with clearance of LLG fault with digital protection 

 

Fig.44 Phase B Voltage with clearance of LLG fault with digital protection 

 

4. Conclusions 

Wind plant was designed and with Asynchronous Generator with self excitation equipped with 
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a STATCOM. Fault analysis have been performed in this plant with all kinds of faults such as 

three phase fault, LG fault, LL fault and LLG faults. Type and location of faults have been 

detected with the help of identification of low voltages and huge currents in appropriate bus 

and phase of the system. The wind system is simulated with two cases, case1 with detection 

of fault and without protection and case2 is with detection and digital protection with isolation 

of fault. Case 1 signifies the identification of both symmetrical and unsymmetrical faults based 

on under voltage and over current relays in all three phases. It also detects the type of fault 

based on over currents in each of the phases and under voltage in all three phases. Case2 

encapsulates the results with fault isolation based on digital based protection scheme with 

digital relays and circuit breakers in appropriate locations. The simulation results have been 

proven that the digital protection scheme is most powerful in restoring the system with 

immediate isolation of fault from the rest of the wind energy system. 

 

 

References 
1. V. Yarlagadda, N. Alekhya, A. K. Garikapati, M. Gowrabathuni, K. Haritha and T. H. Rao, 

"Mitigation of Harmonics in WES Using Hybrid FACTS Controller," 2022 IEEE 2nd 

International Conference on Sustainable Energy and Future Electric Transportation (SeFeT), 

2022, pp. 1-7, doi: 10.1109/SeFeT55524.2022.9908899. 

2. V. Yarlagadda, A. K. Garikapati, N. Alekhya, M. Gowrabathuni, K. Haritha and T. H. Rao, "FFT 

Analysis and Harmonics Mitigation in WES using Multi-Level DSTATCOM," 2022 2nd Asian 

Conference on Innovation in Technology (ASIANCON), 2022, pp. 1-7, doi: 

10.1109/ASIANCON55314.2022.9908927. 

3. [3]V. Yarlagadda, R. Geshmakumari, J. V. Rao and L. Gadupudi, "Mitigation of Harmonics in 

Distributed System with D-GCSC fed Loads using closed loop control of DSTATCOM," 2022 

IEEE Fourth International Conference on Advances in Electronics, Computers and 

Communications (ICAECC), 2022, pp. 1-7, doi: 10.1109/ICAECC54045.2022.9716716. 

4. V. Yarlagadda, G. A. Karthika, M. Nagajyothi and J. Bhavani, "DSTATCOM based Closed 

Loop Controlled Wind Power Plant with Self Excited Induction Generator for Controlling 

Terminal Voltage against Load Disturbances," 2022 IEEE Fourth International Conference on 

Advances in Electronics, Computers and Communications (ICAECC), 2022, pp. 1-6, doi: 

10.1109/ICAECC54045.2022.9716651. 

5. A. A. Ameri, M. B. Camara and B. Dakyo, "Efficient Energy Management for Wind-Battery 

Hybrid System Based Variable Frequency Approach," 2021 10th International Conference on 

Renewable Energy Research and Application (ICRERA), 2021, pp. 125-130, doi: 

10.1109/ICRERA52334.2021.9598696. 

6. O. Marchenko and S. Solomin, "Economic Efficiency of Solar and Wind Energy Joint Use in 

Autonomous Power Supply Systems on Lake Baikal Coast," 2021 International Ural Conference 

on Electrical Power Engineering (UralCon), 2021, pp. 101-105, doi: 

10.1109/UralCon52005.2021.9559577. 

7. M. W. Rahman, K. Velmurugan, M. S. Mahmud, A. Al Mamun and P. Ravindran, "Modelling 

of a stand-alone Wind-PV Hybrid Generation System Using (MATLAB/SIMULINK)," 2021 

International Conference on Computing, Communication, and Intelligent Systems (ICCCIS), 

2021, pp. 1000-1006, doi: 10.1109/ICCCIS51004.2021.9397194. 

8. C. Wu, X. -P. Zhang and M. Sterling, "Wind power generation variations and aggregations," in 

CSEE Journal of Power and Energy Systems, vol. 8, no. 1, pp. 17-38, Jan. 2022, doi: 

10.17775/CSEEJPES.2021.03070. 

9. D. Braga, "Optimal Capacity and Feasibility of Energy Storage Systems for Power Plants Using 



                            Faults Detection and Isolation in Wind Energy… Venu Yarlagadda et al. 1426  

  

Nanotechnology Perceptions Vol. 20 No. S16 (2024) 

Variable Renewable Energy Sources," 2021 International Conference on Electromechanical and 

Energy Systems (SIELMEN), 2021, pp. 087-091, doi: 10.1109/SIELMEN53755.2021.9600392. 

10. P. Nakorn, P. Machot, V. Kinnares and C. Manop, "Study of Three-phase Self-excited Induction 

Generator Operating as Single-phase Induction Generator Supplying Non-linear Load," 2021 

18th International Conference on Electrical Engineering/Electronics, Computer, 

Telecommunications and Information Technology (ECTI-CON), 2021, pp.

 806-809, doi: 10.1109/ECTI-CON51831.2021.9454845. 

11. M. G. B. Borja, S. Lescano, J. E. Luyo and U. Y. Tito, "MPPT of Three-Phase Self-Excited 

Induction Generator During Electric Power Generation from Variable Power Sources," 2021 1st 

International Conference on Power Electronics and Energy (ICPEE), 2021, pp. 1-6, doi: 

10.1109/ICPEE50452.2021.9358538. 

12. M. G. B. Borja, S. Lescano and J. E. Luyo, "Dynamic behavior of the wind turbine - self-exciting 

induction generator system, using a reference voltage of variable frequency as excitation," 2021 

IEEE CHILEAN Conference on Electrical, Electronics Engineering, Information and 

Communication Technologies (CHILECON), 2021, pp. 1-6, doi: 

10.1109/CHILECON54041.2021.9703069. 

13. S. Chakraborty and R. Pudur, "Supply of Single-Phase Power for Rural Area using Three-Phase 

Self-Excited Induction Generator," 2021 Asian Conference on Innovation in Technology 

(ASIANCON), 2021, pp. 1-6, doi: 10.1109/ASIANCON51346.2021.9545057. 

14. I. S. Rafiqi and A. H. Bhat, "Role of STATCOM in improving the power quality issues in hybrid 

power plant connected to a power grid," 2021 4th International Conference on Recent 

Developments in Control, Automation & Power Engineering (RDCAPE), 2021, pp. 384-387, 

doi: 10.1109/RDCAPE52977.2021.9633672. 

15. U. Mumtahina, S. Alakahoon and P. Wolfs, "Optimal d-STATCOM Placement using 

OpenDSS/Matlab," 2021 IEEE PES Innovative Smart Grid Technologies - Asia (ISGT Asia), 

2021, pp. 1-5, doi: 10.1109/ISGTAsia49270.2021.9715672. 

16. B. Panigrahy, R. Saha, B. Arif, K. Dutt and R. Panchal, "Design and Modeling of a Filter 

Assisted 6-Pulse VSC-IGBT Based D-Statcom for Reactive Power Compensation," 2021 Asian 

Conference on Innovation in Technology (ASIANCON), 2021, pp. 1-7, doi: 

10.1109/ASIANCON51346.2021.9544618. 

17. S. Chakraborty, S. Mukhopadhyay and S. K. Biswas, "Coordination of D-STATCOM & SVC 

for Dynamic VAR Compensation and Voltage Stabilization of an AC Grid Interconnected to a 

DC Microgrid," in IEEE Transactions on Industry Applications, vol. 58, no. 1, pp. 634-644, Jan.-

Feb. 2022, doi: 10.1109/TIA.2021.3123264. 

18. V. Yarlagadda, R. Geshmakumari, J. V. Rao and L. Gadupudi, "Mitigation of Harmonics in 

Distributed System with D-GCSC fed Loads using closed loop control of DSTATCOM," 2022 

IEEE Fourth International Conference on Advances in Electronics, Computers and 

Communications (ICAECC), 2022, pp. 1-7, doi: 10.1109/ICAECC54045.2022.9716716. 

19. V. Yarlagadda, R. Kapoor, K. Veeresham and O. Sobhana, "Power Flow Control and Stability 

Improvement of EHV and UHV Transmission and Distribution Systems with Closed Loop 

Control of GCSC," 2022 IEEE Fourth International Conference on Advances in Electronics, 

Computers and Communications (ICAECC), 2022, pp. 1-8, 

doi:10.1109/ICAECC54045.2022.9716623. 


