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Abstract 

The paper focus on comparison and performance analysis of DTC - DCMLI driven PMSM drive using 

space vector modulation is designed, and implemented for automotive application. The simulation 

work is done using MATLAB software. A DTC based novel SVM was proposed to control of torque, 

torque angle and stator flux. From the detailed comparison, direct torque control (DTC) based three-

level DCMLI driven PMSM drive has stood out as a feasible solution as compared to the conventional 

inverter in automotive application. Hence direct torque control (DTC) based PMSM drives can 

validated for hardware implementation.  The proposed method three–level DTC - DCMLI driven 

PMSM drive is found acceptable because of its less distorted output, lower costs, better control 

performance and other advantageous features. Hence it is used in automotive applications. 
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1. Introduction 

Electric motors (EMs) and generators are the primary workhorses in hybrid electric vehicles (HEVs). 

The generators convert mechanical power from the engine electrical power in order to charge the 

batteries and operate the motors. Motors produce the required torque to drive the wheels. There are 

many types of motors and generators used in HEVs: induction, switched reluctance, and permanent 

magnet. [1-5]. Electric propulsion systems are the main part of electric vehicle (EV).It consist of 

electric motors, power converters and electronic controllers [6-12].DTC method is proposed to 

maintain constant switching frequency also reduce torque and current ripple. [13-18]. This paper focus 

on DTC based DCMLI Using SVM techniques on a surface mounted PMSM used in electrical vehicle. 

A novel technology of space vector modulation for the DTC is proposed [19-26]. 

            The DTC simulation of PMSM is developed using MATLAB Simulink. The DTC are the 

efficient control methods for AC machine. DTC method is robust, simple and also has excellent 

dynamic performance. The limitations of the DTC are its flux ripples and relatively high torque also 

variable switching frequency in case of Induction motor. The performance of the DTC of PMSM can 

be improved by reducing the high flux and torque ripples and maintaining a fix switching frequency 

using novel technology of space vector modulation. [27-35]. 
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     This paper presents a DTC based 2-level & 3-level DCML inverter using SVM techniques.In 

section 1, the introduction is explained, In section 2, the Mathematical Analysis of PMSM model is 

explained, In section 3, the control topology is explained. In section 4, simulation model & results 

analysis is presents. In Section 5 the conclusion are present. 

 

2. Mathematical Analysis of PMSM Model  

The field winding is absent in rotor of PMSM [2]. There are two stator windings in the dq reference 

frame. The direct-axis winding is along with the axis of magnetic pole. 

 

The induced voltage in the direct-axis winding: 

             u_(d  )=R_d i_d+  (dλ_d)/dt-ω_r λ_q                                             (1) 

Where, ‘id’ and ‘Rd’ are called d-axis stator current and resistance respectively 

The induced voltage in the q-axis winding :     

        〖               u〗_(q  )=R_q i_q+  (dλ_q)/dt-ω_r λ_d                                                                    (2) 

 

 Where, ‘Rq’ and ‘iq’ are called the quadrature -axis resistance and current of stator. 

                     λ_d= L_d i_(d )+ λ_m                                                                                  (3) 

λd = flux-linkage in the direct-axis of  stator in webers. 

λm is the PM rotor flux and, 

                               λq=Lqiq                                                                                                                     (4) 

λq = flux-linkage in the quadrature-axis stator (Wb) 

In this case of quadrature-axis ,there are no magnets so λm is absent. 

Considering round rotor PMSM ,we have 

          Ld = Lq                                                                                                                                                                    (5) 

3. Control Topology 

 Direct torque control 

In DTC, it is to calculate the torque and flux errors from hysteresis comparators and select voltage 

vectors directly based on the differences between reference and actual value of flux linkage & torque 

Low complexity, low computational power, and good dynamic performance are the advantages of 

Direct Torque Control. The basic concept of Direct Torque Control  is to controlled the amplitude and 

angular position of the stator flux vector. λr be the rotor flux linkage vector in d-q coordinate and  λs 

be the stator flux linkage vector. 

 In d-q coordinate system, PMSM stator flux linkage and  torque equations are  

                                  D=LDID+ R                                    (6) 

                                   Q =LQIQ                                                                       (7) 
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Inverter topology 

i) Two level Inverter 

In Figure1, the number of switches is two per leg and  the capacitor is used as a filter. Problems 

associated with conventional adjustable speed drive inverter are High frequency switching is 

responsible for large switching losses,Motor bearing failure and stator winding insulation breakdown 

problems occurs due to  high dv/dt and Electromagnetic interference problems occur due to high 

frequency switching  

 
Figure 1:  Conventional, two-level inverter 

                    

Table 1 switching vectors and line voltages 

  
ii) Diode Clamped Multilevel Inverter  

The DCMLI comprises of two series-connected capacitors, C1 and C2, the DC-link capacitors which 

divide the DC bus voltage into three levels; +Vdc/2,0 & -Vdc/2. ‘n’ is the neutral point between two 

capacitors C1 and C2. (Sa1, Sa3) and (Sa2, Sa4) are two complementary switch pairs and (D1, D10) 

are the two clamping diodes per phase.  

If Sa1 and Sa2 is ON, so Van =+Vdc/2. 

If Sa2 and Sa3 is ON, so Van = 0. 

 If Sa3 and Sa4 is ON, so Van =-Vdc/2 
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Figure 2:  Three-level Diode-Clamped Inverter 

 Simulation model & Results analysis 

The investigations on DTC based conventional inverter and DCMLI -PMSM drive  has been done in 

MATLAB software. The SVM techniques have been applied to the conventional inverter  and DCMLI 

fed PMSM drive system under steady state only. The load torque is applied in steps. The Simulink 

model of DTC based conventional inverter and DCMLI –PMSM drive shown in the Fig.3& Fig.4The 

output voltage& current waveforms of conventional inverter and DCMLI using SVM are in fig.2 and 

fig.3.The speed, electromagnetic torque, and Stator rotor flux response respectively are in fig.7, fig.8 

and fig.9. The frequency spectrum of line voltage and phase current are  in fig.10 and fig.11 TableI and 

Table II shows the THD analysis and  torque ripple analysis of DTC based conventional inverter and 

DCMLI-PMSM drive .The specification of Permanent Magnet Synchronous Motor  as in the Table III.  

 
 Figure 3:  Simulink model of DTC based conventional inverter PMSM drive 

 

  
Figure 4:  Simulation Model of DTC based DCMLI  PMSM drive  
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(a) Two-level 

  
(b) Three-level inverter 

Figure 5:  voltage response of (a) Two-level (b) Three-level inverter 

  

  
Figure 6:  Stator current response of (a) Two-level (b) Three-level inverter 
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Figure 7:  Torque response of (a) Two-level (b) Three-level inverter 

 

 
  

 Figure 8:   Speed response of (a) Two-level (b) Three-level inverter 
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Figure 9:  motor flux response (a) Two-level (b) Three-level inverter 

   
(a) Two-level 

     
(b) Three-level inverter 

Figure 10:  FFT response of stator voltage (a) Two-level (b) Three-level inverter 
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(a) Two-level 

   
(b) Three-level inverter 

Figure 11:  FFT response of stator current (a) Two-level (b) Three-level inverter 
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5. Conclusion 

The comparison and performance analysis of DTC - DCMLI driven PMSM drive using space vector 

modulation is designed, and implemented for automotive application has been done in this paper using 

MATLAB software. Modelling and simulation investigations of SVM -DTC based conventional 

inverter and SVM -DCMLI PMSM drive SVM method provides better steady state response of 

DCMLI  driven PMSM drive as compared to conventional inverter. As seen from its response, the 

SVM is easy and the fastest method. The methods demonstrated the reduction in torque ripple, THD 

in inverter output and improved driving performance. Due to these characteristics, investigations on 

DCMLI driven PMSM drive system is found better suited for EV application 

 

References 

 [1] V. S. Guntuk, U. V. Bakle, V. S. Lahare, and A. R. Bochare, "A Novel 4-level Converter for 

Switched Reluctance Motor Drive in Plug-In HEVs," 2019 International Conference on Intelligent 

Computing and Control Systems (ICCS), 2019, pp. 626-631, doi: 10.1109/ICCS45141.2019.9065527. 

[2] P. S. Borse, "Analytical Evaluation of FOC and DTC Induction Motor Drives in Three Levels and 

Five Levels Diode Clamped Inverter," 2020 International Conference on Power, Energy, Control and 

Transmission Systems (ICPECTS), 2020, pp. 1-6,  

doi: 10.1109/ICPECTS49113.2020.9337015. 

[3] J. Mane and V. Hadke, "Performance Analysis of SRM Based on Asymmetrical Bridge Converter 

For Plug-in Hybrid Electric Vehicle," 2020 International Conference on Power, Energy, Control and 

Transmission Systems (ICPECTS), 2020, pp. 1-6, 

 doi: 10.1109/ICPECTS49113.2020.9337059. 

[4] N. P. Matale, "Alleviation of Voltage Sag-Swell by DVR Based on SVPWM Technique," 2020 

International Conference on Power, Energy, Control and Transmission Systems (ICPECTS), 2020, pp. 

1-6, doi: 10.1109/ICPECTS49113.2020.9336972. 

[5] Dr.R.G.Shriwastava, Mr. S.S.Hadpe,Mr. S.B. Patil,Dr. M.P.Thakare “The architecture of a 24 

dynamic Voltage restorer for voltage enhancement incorporating voltage vector 

methodologies”,Published in Elsevier Procedia(2021). https://dx.doi.org/10.2139/ssrn.3883846 

[6] Dr.R.G.Shriwastava,,Satyajit Deshmukh,Ashwini Tidke,Mohan Thakre ,“Comparative Evaluation 

of Control Techniques of PMSM Drive in Automotive Application”, Published in Journal of Physics: 

Conference Series (Scopus Indexed) 2062 (2021) 012024  

doi:10.1088/1742-6596/2062/1/012024. 

[7] Rakesh Shriwastava, Mohan P. Thakre, Kishore V. Bhadane Mahesh S.Harne N.B.Wagh 

"Performance Enhancement of DCMLI Fed DTC -PMSM Drive in Electric Vehicle"  published in  the 

Bulletin of Electrical Engineering and Informatics (BEEI), ISSN: 2089-3191, DOI: 

https://doi.org/10.11591/eei.v11i4.3714 

 [8] Thakre, M. P., Kumar, N. Evaluation and Control Perceptive of VSM-Based Multilevel PV-

STATCOM for Distributed Energy System. MAPAN (2021). https://doi.org/10.1007/s12647-021-

00481-x 

[9] Thakre, M.P., Ahmad, A. Interline Power Flow Controller (IPFC) Deployment in Long 

Transmission Lines and its Effects on Distance Relay. J. Inst. Eng. India Ser. B (2021). 

https://doi.org/10.1007/s40031-021-00637-y 

[10] Rakesh G. Shriwastava, Nilesh C. Ghuge, D. D. Palande, Ashwini Tidke “Performance Evaluation 

of Conventional Inverters Driven PMSM Drive using Microcontroller”  published in  the  UGC Care  

Journal (The ADBU Journal of Engineering Technology (AJET)" ISSN:2348-7305), Volume 11, 

Issue2, June, 2022, 0110203096(PP.1-6) DOI 10.1088/1742-6596/2327/1/012001 

[11] Li Yaohua, Liu Jingyu, Ma Jian, Yu Qiang“ A Simplified Voltage Vector Selection Strategy for 

Direct Torque Control,” in TELKOMNIKA, Vol.9, No.3, (December 2011) pp. 539~546. 

DOI:10.12928/telkomnika.v9i3.746 



 

Industrial Engineering Journal 

ISSN: 0970-2555   

Volume : 52, Issue 9, No. 1, September : 2023 
[  

UGC CARE Group-1,                                                                                                                 146 

[12] L.M. Masisi, , S. Williamson, and P. Pillay “A Comparison Between A 2-Level and 3-Level 

Inverter for A Permanent Magnet Synchronous Motor Drive Under Different Inverter Switching 

Frequencies,” in 2012 IEEE International Conference on Power Electronics, Drives and Energy 

Systems(December16-19, 2012) Bengaluru, India DOI: 10.1109/PEDES.2012.6484370 

 [13] Xu Wang, Yan Xing, Zhipeng He, Yan Liu “Research and Simulation of DTC Based on SVPWM 

of PMSM,”in Available online at www.sciencedirect.com.Procedia Engineering 29 (2012)1685–

16891877-7058©2011Published by Elsevier Ltd. doi: 10. 1016 /j .proeng .2012. 01. 195 

[14] Mr.R.G.Shriwastava,“Sensorless Field oriented control of PMSM Drive System for Automotive 

Application”” published in  inderscience  journal.,Volume 8, Issue 3 DOI: 

http://dx.doi.org/10.1504/IJEHV.2016.080015 

 [15] P.Ramana, B.Santhosh Kumar, Dr.K.Alice Mary, Dr.M.Surya Kalavathi “Comparison of various 

pwm techniques for field oriented control VSI fed PMSM  drive,” in International Journal of Advanced 

Research in Electrical, Electronics and Instrumentation Engineering Vol. 2, Issue 7, (July 2013).ISSN 

(Print) : 2320 – 3765 ISSN (Online): 2278 – 8875 

[16] Harikrishna Raj Pinkymol,,Ali Iftekhar Maswood &,Aditya Venkataraman “Space Vector based 

Field Oriented Control of Permanent Magnet Synchronous Motor with a 3-Level Inverter Scheme,” in 

978-1-4799-0148-7/13/$31.00 ©(2013 IEEE) DOI: 10.1109/ITEC.2013.6573485 

[17] J. Sears, D. Roberts and K. Glitman, "A comparison of electric vehicle Level 1 and Level 2 

charging efficiency", 2014 IEEE Conference on Technologies for Sustainability (SusTech), pp. 255-

258, 2014. DOI: 10.1109/SusTech.2014.7046253 

 

[18] M. Yilmaz and P. T. Krein, "Review of charging power levels and infrastructure for plug-in electric 

and hybrid vehicles", 2012 IEEE International Electric Vehicle Conference, pp. 1-8, 2012. DOI: 

10.1109/IEVC.2012.6183208 

 

[19] R. Raff, V. Golub, D. Pelin and D. Topić, "Overview of charging modes and connectors for the 

electric vehicles", 2019 7th International Youth Conference on Energy (IYCE), pp. 1-6, 2019. DOI: 

10.1109/IYCE45807.2019.8991586 

 

[20] S. Lukic and Z. Pantic, "Cutting the Cord: Static and Dynamic Inductive Wireless Charging of 

Electric Vehicles", IEEE Electrification Magazine, vol. 1, no. 1, pp. 57-64, Sept. 2013.DOI: 

10.1109/MELE.2013.2273228 

[21]Jun Cao, Member, IEEE, Constance Crozier, Student Member, IEEE, Malcolm McCulloch, Senior 

Member, IEEE, and Zhong Fan, Senior Member, IEEE, “Optimal Design and Operation of a Low 

Carbon Community based Multi-energy Systems Considering EV Integration” journal of latex class 

files, vol. 6, no. 1, january 2018 DOI: 10.1109/TSTE.2018.2864123 

[22]P. Liu, J. Yu and E. Mohammed, “Decentralised PEV charging coordination to absorb surplus wind 

energy via stochastically staggered dual-tariff schemes considering feeder-level regulations,” IET 

Gene., Trans. & Distri., vol. 12, no. 15, pp. 3655-3665, 28 8 2018.   doi.org/10.1049/iet-gtd.2017.0780 

 [23]G. R. Chandra Mouli, J. Schijffelen, M. van den Heuvel, M. Kardolus and P. Bauer, “A 10 kW 

Solar-Powered Bidirectional EV Charger Compatible With Chademo and COMBO,” IEEE Trans, 

Power Electron., vol. 34, no. 2, pp. 1082-1098, Feb. 2019. DOI: 10.1109/TPEL.2018.2829211 

[24]Y. Zhang, P. You and L. Cai, “Optimal Charging Scheduling by Pricing for EV Charging Station 

With Dual Charging Modes,” IEEE Trans. Intelligent Transportat. Syst., vol. 20, no. 9, pp. 3386-3396, 

Sept. 2019. DOI: 10.1109/TITS.2018.2876287 

[25]Xingquan Ji, Ziyang Yin,1 Yumin Zhang ,1 Xuan Zhang,1 Haishu Gao, and Xinyi Zhang 

“Comprehensive Pricing Scheme of the EV Charging Station considering Consumer Differences 

Based on Integrated AHP/DEA Methodology”, Hindawi,  Mathematical Problems in Engineering 

Volume 2020, Article ID 8657258, 11 pages https://doi.org/10.1155/2020/8657258 



 

Industrial Engineering Journal 

ISSN: 0970-2555   

Volume : 52, Issue 9, No. 1, September : 2023 
[  

UGC CARE Group-1,                                                                                                                 147 

 [26] Dr.R.G.Shriwastava, Mr. S.S.Hadpe,Mr. S.B. Patil, Dr. M.P.Thakare “The architecture of a 24 

dynamic Voltage restorer for voltage enhancement incorporating voltage vector methodologies”, 

Published in Elsevier Procedia(2021). 

[27] Dr.Rakesh G. Shriwastava, Mohan P. Thakre,Manoj D. Patil, Digamber R.Bhise “ Performance 

Analysis of CB-SVM Three-Phase Five-Level DCMLI Fed PMSM Drive”, published in Turkish 

Journal of Computer and Mathematics Education (Scopus Indexed) Vol.12 No.12 (2021), 887-897. 

[28] K.V.Bhadane, “Performance enhancement of DCMLI fed DTC-PMSM drive in electric vehicle”, 

Bulletin of Electrical Engineering and Informatics 11(04):1867-1881, August 2022. 

[29] Gourav Bathla, “Autonomous Vehicles and Intelligent Automation: Applications, Challenges, and 

Opportunities ”, Mobile Information Systems , Hindawi Publication, 2022(7632892):1-36, June 2022. 

[30]  Hanuman Prasad  , “Real-time Performance Evaluation of Single Phase 7 Level Z-Source Boost 

Inverter”, February 2021, DOI:  

10.1109/ICEES51510.2021.9383751, 7th International Conference on Electrical Energy Systems 

(ICEES) 2021. 

[31] K.V.Bhadane, “A Comprising Study on Modernization of Electric Vehicle Subsystems, 

Challenges, Opportunities and strategies for its Further Development”, January 2021, 

DOI:10.1109/ICNTE51185.2021.9487757, 4th Biennial International Conference on Nascent 

Technologies in Engineering At: Navi Mumbai, Maharashtra, India. 

[32] K.V.Bhadane, “A Comprehensive Study of Harmonic Pollution in Large Penetrated Grid-

Connected Wind Farm”, December 2020, Mapan - Journal of Metrology Society of India 35(5):1-23. 

DOI: 10.1007/s12647-020-00407-z 

[33] Mohan Thakre, “Measurement Class Phasor Measurement Unit Compliance for Electrical Grid 

Monitoring”, October 2021, Mapan - Journal of Metrology Society of India, DOI: 10.1007/s12647-

021-00440-6. 

[34] Rakesh Shriwastava, Mohan P. Thakre, Kishore V. Bhadane Mahesh S.Harne N.B.Wagh 

"Performance Enhancement of DCMLI Fed DTC -PMSM Drive in Electric Vehicle"  published in  the 

Bulletin of Electrical Engineering and Informatics (BEEI), ISSN: 2089-3191, DOI: 

https://doi.org/10.11591/eei.v11i4.3714 


