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 This paper described a novel pulse width modulation (PWM) technique in 

reduced switch count multilevel inverter (MLI) for renewable power 

applications. Therefore, the proposed technique finds a better solution in the 

multilevel inverters used for improving power quality, efficiency and 

reduction of switching and conduction losses. It produces a smoother 

sinusoidal output waveform with reduced total harmonic distortion (THD) 

using different modulation technique. The novel PWM technique consists of 

nearest level control (NLC) and level shift pulse width modulation 

(LSPWM). Normally semiconducting devices are added for increasing 

number of levels. It affects the power quality and efficiency due to losses. In 

this work, MLI topology with reduced number of switches count for NLC 

and LSPWM is presented. The single-phase and three-phase inverter 

configuration is used in proposed mythology. Detailed simulation results for 

7-level inverter of single and three-phase inverters are presented in this 

paper. It is observed that NLC method is better efficiency and reduced THD 

than LSPWM for better utilization in renewable power applications. 
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1. INTRODUCTION 

Many grid-connected inverters have rarely investigated to utilization with renewable energy sources 

(RES) of energy. For the grid connection and the micro grid connected unit, several multilevel inverters 

(MLIs) have been successfully investigated [1]–[5]. The multilevel inverter is currently recommended for 

(L/M VA) applications applications without transformers and filters, as well as high-voltage (HVA) 

applications with a high-frequency transformer [6]. International regulations enable L/M VAs to operate in 

the absence of galvanic isolation; on the other hand, high voltage application necessitates the high 

frequencies transformers for isolation purposes [7]–[9]. High-frequency transformers are significantly 

smaller and lighter than fundamental frequency transformers. As a consequence, transformer less system are 

frequently used to describe multilevel inverters using the high-frequency transformers. In multilevel inverter, 

as output voltage levels increases the required filter requirement is decrease. As a consequence, today's 

multilevel inverters with higher output levels may operate without a filter or a transformer for low, medium 

and high VA and grid integration. As a result, system’s following parameters such as overall volume; size 

and the weight of the system are remarkably reduced [3], [10], [11]. 

In addition, as output voltage levels reduced in MLIs, the filter need reduces [12]. Consequently, 

recent, multilevel inverters with higher output voltage levels may operate not only filter less but also 

transformer less in low, medium, and high VA grid integration applications. This results in a significant 
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minimization in the system's overall volume, weight, and total size [13], [14]. Flying capacitor (FC), diode-

clamped, and cascaded H-bridge (CHB) are three traditional multilevel inverters methods often utilized for 

DC–AC conversion [15]–[18]. The fundamental disadvantage of traditional MLIs is the not only increased 

number of switches, gate drivers, and auxiliary components and DC voltage sources required for raise the 

output voltage steps. As a result, MLIs with fewer components and less complexity are being explored and 

analysed as a feasible alternative [19]. Presents an overview of several multilevel inverter methodologies 

with the goal of reducing switching device count. Modular multilevel converters have recently attracted 

much interest because they may be developed for higher voltage applications using a fundamental modular 

system framework [20], [21]. Asymmetric MLI design has been documented in different topologies [22].The 

key benefit of this architecture over CHB is that it has fewer components. The circuit becomes less difficult 

as the count of the switching devices is get significantly reduced. In addition, the system's costing and the 

size of system are get reduced. The fundamental restriction of this architecture is that it can only be 

implemented using symmetric voltage sources. Furthermore, the total of all functioning input DC sources equals 

the voltage stress across H-bridge switches. Another design, which requires bidirectional switches and has a 

higher component count than previous topologies, was developed with lower switching devices[23]. With the 

term cross-connected source based multilevel inverter (CCSMLI), the symmetrical and asymmetrical multilevel 

inverters topologies are a decreased count of system has been widely examined in this studies [24], [25]. 

The count of DC voltage sources and drives is not decreased with this topology, which is the biggest 

drawback. Similarly, Lesnicar and Marquardt [26] shows symmetrical and asymmetrical multilevel inverters 

with a less number of devices, but not with a less count of DC voltage sources and drivers. While reduces the 

count of components by using a sole DC power supply, this renders them inadequate to higher VA [27], [28]. 

Proposes another structure for symmetrical configurations with fewer components, but it needs bidirectional 

switching, increasing the fall, and maximizing the count of diodes inside this methodology [29]–[33]. Given 

work proposes, MLI for high, medium and low voltage level with the reduce switch count. Compare different 

multilevel inverters for the power loss, switching loss and total harmonic distortion (THD). Comprehensive 

analysis and working of the proposed system is described. Different renewable energy sources are compared 

for the grid connected system. Proposed study can improves the power quality, efficiency of the system and 

reduce power loss, switching loss, total harmonic distortion. 
 

 

2. PROPOSED METHODOLOGY 

In this work, multilevel inverter for optimal efficiency and power quality analysis is studied. Using 

different PWM technique power quality analysis done on the basis of THD, switching loss and conduction 

loss. Comparison of reduce switch count done by comparing proposed system with cascade H-bridge 

inverter, cross connected source based multilevel inverter and other MLI technique. Multilevel inverter is 

designed for high voltage, medium voltage, and low voltage applications. New multilevel inverter is designed 

from the present CCSMLI. This significantly lowers the count of the diode, DC source, driver circuit, 

capacitors. Also reduce the device size, switch count, gate drive, cost, switching loss of devices, total 

harmonic distortion, and maintenance of the system. Different pulse width modulation (PWM) techniques 

like nearest level control (NLC) and level shift pulse width modulation (LSPWM) are compared for the THD 

analysis[34]–[37]. Figure 1 shows the fundamental unit of the proposed MLI. 

 

 

 
 

Figure 1. Schematic of proposed 7-level inverter MLI 

 

 

Proposed MLI consist of one bidirectional switch, six unidirectional, switch, and two DC voltage 

sources. Voltage divider is used to maintain the constant voltage across the capacitor and reduce the count of 

DC voltage source. S1, S2, S3, S4, S5, S6 are the unidirectional switches and P1 is the bidirectional switch. 
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U1 and U2 is DC voltage source used. We can replace DC voltage source with the various renewable energy 

sources to analyse the system system performance. With the combination of DC sources U1:U2 in the ratio of 2 

U:U, U:U, and 2 U:3 U. For (L/M VA) the fundamental unit of the proposed MLI is connected in series. The 

number of levels in the output can be raised in the recommended MLI by raising the capacitors count to 'n' with 

a 'n-1' bidirectional switch. For HVA the cascade connection of fundamental blocks of proposed MLI. 

 

 

3. SIMULATION DIAGRAM AND RESULTS 

3.1.  Single-phase multilevel inverter 

Figure 2 shows the simulation diagram of single -phase multilevel inverter. The output current of NLC 

and LSPWM technique of single-phase multilevel inverter is purely sine wave in Figures 3 and 4 respectively 

with few high-order harmonic to the steady operation. The value of output current is 20 amp.  

 

 

 
 

Figure 2. Simulation diagram of single-phase multilevel inverter 

 

 

The output capacitor voltages of NLC and LSPWM technique of single-phase multilevel inverter is 

purely sine wave in Figures 5 and 6 respectively. The NLC capacitor voltages for single-phase is more than 

20 V as compare to LSPWM capacitor voltages. The output-based voltages of NLC and LSPWM technique 

of single-phase multilevel inverter is purely sine wave in Figures 7 and 8 respectively. The NLC inverter base 

voltage is more than 300 V as compare to LSPWM. The THD analysis of NLC and LSPWM technique of 

single-phase multilevel inverter is purely sine wave in Figures 9 and 10 respectively with few high-order 

harmonic to the steady operation. The harmonics present in the output current of LSPWM techniques more as 

compare to NLC of single-phase multilevel inverter. The values are 4.84% in NLC and 6.98% in LSPWM 

techniques. It can be seen in Figures 9 and 10. 
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Figure 3. NLC inverter output current 

 

 

 
 

Figure 4. LSPWM inverter output current 

 

 

 
 

Figure 5. NLC capacitor voltages for single-phase 
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Figure 6. LSPWM capacitor voltages for single-phase 
 
 

 
 

Figure 7. NLC inverter base voltage 
 

 

 
 

Figure 8. LSPWM inverter base voltage 
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Figure 9. NLC THD analysis 
 
 

 
 

Figure 10. LSPWM THD analysis 
 

 

3.2.  Three-phase multilevel inverter 

Figure 11 shows the simulation diagram of three-phase multilevel inverter. NLC capacitor voltages 

for three-phase shown in Figure 12. NLC and LSPWM inverter phase voltage, line to line voltage, output 

current for three-phase in Figures 13 and 14. The THD analysis of NLC and LSPWM technique of three-

phase multilevel inverter is purely sine wave in Figures 15 and 16 respectively. The switching pattern of 

NLC and LSPWM for single-phase in Figures 17 and 18. Table 1 shows the simulation parameters and 

results. Table 2 shows THD analysis for single-phase and three-phase multilevel inverter. 
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Table 1. Simulation parameters and results 
Application Low/medium voltage High voltage 

Phase 1−Ф 3−Ф 1−Ф 3−Ф 

RMS voltage VL–N = 240 V VL–L =450 V VL–N=6.5 kV VL–L =11 Kv 

Mode Symmetric Asymmetric 

Irms 16 A 450 A 

Apparent output power 11 Kw 8 MW 

R–L load 25Ω, 55 Mh 25 Ω, 55 Mh 

Modulation technique NLC NLC 

Number of levels 17 29 19 33 

Numberof switches/diodes/drivers/ 

DC supply/capacitors 
12 36 24 72 

Magnitude of each DC source 170 V 1950 V 

Switching device 
MOSFET IRFB20N50K IGBT FF450R33T3E3_B5 

ID = 20 A, VDS = 500 V Ic=450, VCE=3000 V 

THD 
NLC NLC LSPWM LSPWM 

4.84 2.82 6.98 4.04 

 

 

Table 2. THD analysis 
THD NLC LSPWM 

Inverter base voltage for  

single-phase multilevel inverter  

4.84% 6.98% 

Inverter base voltage for  

three-phase multilevel inverter  

2.82% 4.04% 

 

 

 
 

Figure 11. Simulation diagram of three-phase multilevel inverter 
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Figure 12. NLC capacitor voltages for three-phase 
 
 

 
 

Figure 13. NLC inverter phase voltage, line voltage, and output current for three-phase 
 

 

 
 

Figure 14. LSPWM inverter phase voltage, line voltage, and output current for three-phase 
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Figure 15. NLC THD for three-phase 
 
 

 
 

Figure 16. LSPWM THD for three-phase 

 
 

 
 

Figure 17. NLC switching pattern for single-phase 
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Figure 18. LSPWM switching pattern for single-phase 

 

 

4. CONCLUSION 

This paper proposed reduced switch count 7-level multilevel inverter (MLI) using NLC and 

LSPWM. It also improved power quality, efficiency and reduction of switching and conduction losses. The 

THD of three-phase voltage is less as compare to single-phase. Simulation show satisfactory performance of 

the proposed MLI, for grid interface, number switch count, switching losses and conduction losses. It was 

observed that NLC method is better efficiency and reduced THD than LSPWM for better utilisation in 

renewable power applications. 

 

 

REFERENCES 
[1] J. -S. Lai and F. Z. Peng, “Multilevel converters-a new breed of power converters,” IEEE Transactions on Industry Applications, 

vol. 32, no. 3, pp. 509–517, 1996, doi: 10.1109/28.502161. 
[2] L. M. Tolbert, F. Z. Peng, and T. G. Habetler, “Multilevel converters for large electric drives,” IEEE Transactions on Industry 

Applications, vol. 35, no. 1, pp. 36–44, 1999, doi: 10.1109/28.740843. 

[3] J. Rodriguez, J. -S. Lai, and F. Z. Peng, “Multilevel inverters: a survey of topologies, controls, and applications,” IEEE 
Transactions on Industrial Electronics, vol. 49, no. 4, pp. 724–738, Aug. 2002, doi: 10.1109/TIE.2002.801052. 

[4] L. Franquelo, J. Rodriguez, J. Leon, S. Kouro, R. Portillo, and M. Prats, “The age of multilevel converters arrives,” IEEE 

Industrial Electronics Magazine, vol. 2, no. 2, pp. 28–39, Jun. 2008, doi: 10.1109/MIE.2008.923519. 
[5] D. G. Holmes and T. A. Lipo, Pulse width modulation for power converters: principles and practice. New York, USA: Wiley, 

2003. 

[6] M. Malinowski, K. Gopakumar, J. Rodriguez, and M. A. Pérez, “A survey on cascaded multilevel inverters,” IEEE Transactions 
on Industrial Electronics, vol. 57, no. 7, pp. 2197–2206, Jul. 2010, doi: 10.1109/TIE.2009.2030767. 

[7] S. Kouro et al., “Recent advances and industrial applications of multilevel converters,” IEEE Transactions on Industrial 
Electronics, vol. 57, no. 8, pp. 2553–2580, Aug. 2010, doi: 10.1109/TIE.2010.2049719. 

[8] S. S. Fazel, S. Bernet, D. Krug, and K. Jalili, “Design and comparison of 4-kV neutral-point-clamped, flying-capacitor, and series-

connected H-bridge multilevel converters,” IEEE Transactions on Industry Applications, vol. 43, no. 4, pp. 1032–1040, 2007, doi: 
10.1109/TIA.2007.900476. 

[9] Y. Cheng, C. Qian, M. L. Crow, S. Pekarek, and S. Atcitty, “A comparison of diode-clamped and cascaded multilevel converters 

for a STATCOM with energy storage,” IEEE Transactions on Industrial Electronics, vol. 53, no. 5, pp. 1512–1521, Oct. 2006, 
doi: 10.1109/TIE.2006.882022. 

[10] J. Rodriguez, S. Bernet, B. Wu, J. O. Pontt, and S. Kouro, “Multilevel voltage-source-converter topologies for industrial medium-

voltage drives,” IEEE Transactions on Industrial Electronics, vol. 54, no. 6, pp. 2930–2945, Dec. 2007, doi: 
10.1109/TIE.2007.907044. 

[11] F. Z. Peng, J. W. McKeever, and D. J. Adams, “Cascade multilevel inverters for utility applications,” in IECON Proceedings 

(Industrial Electronics Conference), 1997, vol. 2, pp. 437–442, doi: 10.1109/iecon.1997.671773. 
[12] L. M. Tolbert, F. Z. Peng, and T. G. Habetler, “Multilevel inverters for electric vehicle applications,” in IEEE Workshop on 

Power Electronics in Transportation, 1998, pp. 79–84, doi: 10.1109/pet.1998.731062. 

[13] K. Corzine and Y. Familiant, “A new cascaded multilevel H-bridge drive,” IEEE Transactions on Power Electronics, vol. 17, no. 
1, pp. 125–131, Jan. 2002, doi: 10.1109/63.988678. 

[14] L. M. Tolbert, F. Z. Peng, T. Cunnyngham, and J. N. Chiasson, “Charge balance control schemes for cascade multilevel converter 

in hybrid electric vehicles,” IEEE Transactions on Industrial Electronics, vol. 49, no. 5, pp. 1058–1064, Oct. 2002, doi: 
10.1109/TIE.2002.803213. 

[15] X. Yuan and I. Barbi, “Fundamentals of a new diode clamping multilevel inverter,” IEEE Transactions on Power Electronics, vol. 

15, no. 4, pp. 711–718, Jul. 2000, doi: 10.1109/63.849041. 
 



Int J Appl Power Eng ISSN:2252-8792  

 

A novel PWM technique for reduced switch count multilevel inverter in … (Rakesh Shriwastava) 

11 

[16] C. Newton and M. Sumner, “Novel technique for maintaining balanced internal DC link voltages in diode clamped five-level 
inverters,” IEE Proceedings: Electric Power Applications, vol. 146, no. 3, pp. 341–349, 1999, doi: 10.1049/ip-epa:19990103. 

[17] Z. Pan, F. Z. Peng, K. A. Corzine, V. R. Stefanovic, J. M. Leuthen, and S. Gataric, “Voltage balancing control of diode-clamped 

Multilevel Rectifier/inverter Systems,” IEEE Transactions on Industry Applications, vol. 41, no. 6, pp. 1698–1706, Nov. 2005, 
doi: 10.1109/TIA.2005.857473. 

[18] F. Z. Peng, J. -S. Lai, J. W. McKeever, and J. VanCoevering, “A multilevel voltage-source inverter with separate DC sources for 

static VAr generation,” IEEE Transactions on Industry Applications, vol. 32, no. 5, pp. 1130–1138, 1996, doi: 
10.1109/28.536875. 

[19] M. F. Escalante, J.-C. Vannier, and A. Arzande, “Flying capacitor multilevel inverters and DTC motor drive applications,” IEEE 

Transactions on Industrial Electronics, vol. 49, no. 4, pp. 809–815, Aug. 2002, doi: 10.1109/TIE.2002.801231. 
[20] B. R. Lin and C. H. Huang, “Analysis and implementation of a single-phase capacitor-clamped inverter with simple structure,” 

IEE Proceedings: Electric Power Applications, vol. 151, no. 5, pp. 555–562, 2004, doi: 10.1049/ip-epa:20040583. 

[21] J. Ebrahimi, E. Babaei, and G. B. Gharehpetian, “A new multilevel converter topology with reduced number of power electronic 
components,” IEEE Transactions on Industrial Electronics, vol. 59, no. 2, pp. 655–667, Feb. 2012, doi: 

10.1109/TIE.2011.2151813. 

[22] G. Buticchi, D. Barater, E. Lorenzani, C. Concari, and G. Franceschini, “A nine-level grid-connected converter topology for 
single-phase transformerless PV systems,” IEEE Transactions on Industrial Electronics, vol. 61, no. 8, pp. 3951–3960, Aug. 

2014, doi: 10.1109/TIE.2013.2286562. 

[23] M. D. Manjrekar and T. A. Lipo, “A hybrid multilevel inverter topology for drive applications,” in APEC ’98 Thirteenth Annual 
Applied Power Electronics Conference and Exposition, 1998, vol. 2, pp. 523–529, doi: 10.1109/APEC.1998.653825. 

[24] M. Glinka and R. Marquardt, “A new AC/AC multilevel converter family,” IEEE Transactions on Industrial Electronics, vol. 52, 

no. 3, pp. 662–669, Jun. 2005, doi: 10.1109/TIE.2005.843973. 
[25] R. Marquardt, “Power converter circuits with distributed energy storage (in Deutsch: Stromrichterschaltungen mit verteilten 

energiespeichern,” German Patent DE10103031A1, vol. 24, 2001. 

[26] A. Lesnicar and R. Marquardt, “An innovative modular multilevel converter topology suitable for a wide power range,” in 2003 
IEEE Bologna PowerTech - Conference Proceedings, 2003, vol. 3, pp. 6–11, doi: 10.1109/PTC.2003.1304403. 

[27] M. Glinka, “Prototype of multiphase modular-multilevel-converter with 2 MW power rating and 17-level-output-voltage,” in 

2004 IEEE 35th Annual Power Electronics Specialists Conference (IEEE Cat. No.04CH37551), 2004, pp. 2572–2576, doi: 
10.1109/PESC.2004.1355234. 

[28] J. Ebrahimi, E. Babaei, and G. B. Gharehpetian, “A new topology of cascaded multilevel converters with reduced number of 

components for high-voltage applications,” IEEE Transactions on Power Electronics, vol. 26, no. 11, pp. 3109–3118, Nov. 2011, 
doi: 10.1109/TPEL.2011.2148177. 

[29] P. Lezana, J. Rodriguez, and D. A. Oyarzun, “Cascaded multilevel inverter with regeneration capability and reduced number of 

switches,” IEEE Transactions on Industrial Electronics, vol. 55, no. 3, pp. 1059–1066, Mar. 2008, doi: 
10.1109/TIE.2008.917095. 

[30] G. P. Adam, I. A. Abdelsalam, K. H. Ahmed, and B. W. Williams, “Hybrid multilevel converter with cascaded H-bridge cells for 

HVDC applications: operating principle and scalability,” IEEE Transactions on Power Electronics, vol. 30, no. 1, pp. 65–77, Jan. 
2015, doi: 10.1109/TPEL.2014.2303111. 

[31] A. Laka, J. A. Barrena, J. Chivite-Zabalza, M. A. Rodriguez Vidal, and P. Izurza-Moreno, “New hexagonal three-phase voltage-

source converter topology for high-power applications,” IEEE Transactions on Industrial Electronics, vol. 62, no. 1, pp. 30–39, 
Jan. 2015, doi: 10.1109/TIE.2014.2327597. 

[32] Z. Du, B. Ozpineci, L. M. Tolbert, and J. N. Chiasson, “DC–AC cascaded H-bridge multilevel boost inverter with no inductors for 

electric/hybrid electric vehicle applications,” IEEE Transactions on Industry Applications, vol. 45, no. 3, pp. 963–970, 2009, doi: 
10.1109/TIA.2009.2018978. 

[33] K. K. Gupta, A. Ranjan, P. Bhatnagar, L. K. Sahu, and S. Jain, “Multilevel inverter topologies with reduced device count: a 

review,” IEEE Transactions on Power Electronics, vol. 31, no. 1, pp. 135–151, Jan. 2016, doi: 10.1109/TPEL.2015.2405012. 
[34] S. Jain and V. Sonti, “A highly efficient and reliable inverter configuration based cascaded multilevel inverter for PV systems,” 

IEEE Transactions on Industrial Electronics, vol. 64, no. 4, pp. 2865–2875, Apr. 2017, doi: 10.1109/TIE.2016.2633537. 
[35] A. Kadam and A. Shukla, “A multilevel transformerless inverter employing ground connection between PV negative terminal and 

grid neutral point,” IEEE Transactions on Industrial Electronics, vol. 64, no. 11, pp. 8897–8907, Nov. 2017, doi: 

10.1109/TIE.2017.2696460. 
[36] A. Taghvaie, J. Adabi, and M. Rezanejad, “A self-balanced step-up multilevel inverter based on switched-capacitor structure,” 

IEEE Transactions on Power Electronics, vol. 33, no. 1, pp. 199–209, Jan. 2018, doi: 10.1109/TPEL.2017.2669377. 

[37] M. Saeedian, J. Adabi, and S. M. Hosseini, “Cascaded multilevel inverter based on symmetric–asymmetric DC sources with 
reduced number of components,” IET Power Electronics, vol. 10, no. 12, pp. 1468–1478, Oct. 2017, doi: 10.1049/iet-

pel.2017.0039. 

 
 

BIOGRAPHIES OF AUTHORS 

 

 

Rakesh Shriwastava     obtained Ph.D. degree in electrical engineering specializing 

in power electronics and drives from RTM Nagpur University, (India) in 2017. He occupied 

various positions to serve the engineering institutes for about 24 years. He is currently 

working as Professor in the Department of Electrical Engineering, Matoshri College of 

Engineering and Research Center, Nashik. His research interests include the analysis and 

control of electrical drives, particularly in hybrid and electric vehicle applications. He has 

several publications in national and international journals. He attended International and 

National conferences and also worked as a jury member. He is a member of professional 

bodies such as ISTE and IAENG. He can be contacted at email: 

rakesh_shriwastava@rediffmail.com. 

  

https://orcid.org/0000-0002-2810-4990
https://scholar.google.com/citations?user=IwdxcR0AAAAJ&hl=id&oi=ao
https://www.scopus.com/authid/detail.uri?authorId=37056681900
https://www.webofscience.com/wos/author/record/3808408


   ISSN:2252-8792 

Int J Appl Power Eng, Vol. 12, No. 1, March 2023: 1-12 

12 

 

Sonali Gosavi     obtained Master degree in Electrical Engineering specializing in 

power system from SPPU,Pune (India) in 2022. She is currently working as Assistant 

Professor in the Electrical Engineering Department of K.V.N. Naik Institute of Engineering 

Education and Research, Nashik. Her research interests include the control of electrical drives. 

She can be contacted at email: sonaligosavi04@gmail.com. 

  

 

Shridhar S. Khule     obtained Ph.D. Degree in Electrical Engineering specializing 

in power system from Sant Gadge Baba Amravati University, Amravati, Maharashtra, India.in 

2021. He occupied various positions to serve the engineering institutes for about 20 years. He 

is currently working as Professor in the Electrical Engineering Department of Matoshri 

College of Engineering and Research Center, Nashik. His research interests power system. He 

attended International and National conferences. He is a member of professional bodies such 

as ISTE and IET. He can be contacted at email: shridhar.khule@matoshri.edu.in. 

  

 

Somnath Hadpe     obtained Master degree in Electrical Engineering specializing in 

power system from SPPU, Pune (India) in 2016. He occupied various positions to serve the 

engineering institutes for about 10 years. He is currently working as Assistant Professor in the 

Electrical Engineering Department of Matoshri College of Engineering and Research Center, 

Nashik. He attended International and National conferences. He is a member of professional 

bodies such as ISTE and IET. He can be contacted at email: 

somanath.hadpe@matoshri.edu.in. 

  

 

Dr. Mohan P. Thakre     received the B.Tech. and M.Tech degrees in electrical 

power engineering from Dr. Babasaheb Ambedkar Technological University (Dr. BATU), 

Maharashtra, India, in 2009 and 2011 respectively, and the Ph.D. degree in electrical 

engineering from Visvesvaraya National Institute of Technology, (VNIT), Nagpur, 

Maharashtra, India in 2017. Currently, he is an Assistant Professor at the Department of 

Electrical Engineering, K. K. Wagh Institute of Engineering Education & Research, Nashik, 

India. His research interests include Flexible AC Transmission Systems (FACTS) and Power 

System Protection. He can be contacted at email: mohanthakre@gmail.com. 

  
 

https://orcid.org/0000-0002-4132-236X
https://orcid.org/0000-0001-5009-2087
https://scholar.google.com/citations?user=LPKBBgoAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=57192573195
https://www.webofscience.com/wos/author/record/HGD-3877-2022
https://orcid.org/0000-0002-9398-5843
https://scholar.google.com/citations?user=oNai-6gAAAAJ&hl=en
https://www.webofscience.com/wos/author/record/HGD-3838-2022
https://orcid.org/0000-0003-0817-7153
https://www.scopus.com/authid/detail.uri?authorId=56159349500
https://www.webofscience.com/wos/author/record/2145858

