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Abstract: This study investigates the performance characteristics of a Permanent Magnet Synchronous Motor 
(PMSM) drive system powered by a Modular Multilevel Converter (MMC). MMCs are gaining prominence in motor 
drive applications due to their ability to deliver high-quality output voltage, scalability, and reduced harmonic 
distortion. The research focuses on analyzing both transient and steady-state behaviors of the MMC-fed PMSM system. 
Key indicators such as torque response, speed stability, harmonic content, and overall efficiency are evaluated under 
varying operating conditions. Simulation-based results highlight the advantages of using MMCs over traditional 
inverter configurations, particularly in enhancing output waveform quality and control accuracy. This work 
contributes to a deeper understanding of integrating MMCs with PMSMs for advanced drive applications, especially 
in high-power environments. 
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1. INTRODUCTION 
Permanent Magnet Synchronous Motors (PMSMs) have gained prominence in industrial and automotive 
applications due to their high efficiency, power density, and superior dynamic performance [1]. However, 
traditional inverter topologies face challenges in handling high power and voltage levels, prompting the 
development of more advanced converter architectures. Introduced by Lesnicar and Marquardt in 2003, 
the Modular Multilevel Converter (MMC) offers a scalable and efficient solution with reduced harmonic 
distortion, improved voltage quality, and modular design benefits [2]. Integrating MMCs with PMSMs 
enables enhanced performance in medium- to high-voltage drive systems, especially in electric traction 
and renewable energy applications [3]. This paper investigates the dynamic behaviour, control strategies, 
and performance benefits of MMC-fed PMSM drives for advanced electric drive applications. In [4], 
authors proposed discusses the Hybrid Low-Capacitance MMC (HLC-MMC) for medium voltage PMSM 
drive and its control method. The proposed HLC-MMC aims to reduce SM capacitor voltage fluctuation 
and energy variations by controlling the transmission of fluctuation currents and achieving their coupling. 
The document also presents the theoretical basis for the coupling offset of fluctuation currents. In [5], 
authors present a sensor-less PMSM drive system powered by a five-level inverter using a Modified Model 
Predictive Torque Control (MPTC) technique combined with a novel Reduced Search Space Algorithm. 
The proposed method significantly decreases computational complexity while maintaining high dynamic 
performance and torque accuracy. Eliminating the need for physical sensors improves system reliability 
and cost-efficiency. a multi-stage hybrid fault diagnosis method to detect open-circuit faults in three-phase 
Voltage Source Inverter (VSI)-fed Permanent Magnet Synchronous Motor (PMSM) drive systems 
proposed in [6]. Combining signal-based analysis and model-based techniques, the approach enhances 
fault detection speed, accuracy, and robustness under varying load and speed conditions. In [7], authors 
present a control strategy for a Wave shaper Modular Multilevel Converter (MMC) system combined with 
a thyristor-based front-end converter to drive an open-end winding, variable-speed, medium-voltage 
induction motor. The proposed approach enables high-quality voltage synthesis, wide speed range 
operation, and reduced harmonic distortion. The hardware-based comparative study of various multilevel 
inverter topologies for integrated motor drives, focusing on performance under overload conditions is 
presented in [8]. It evaluates parameters such as thermal behaviour, efficiency, output quality, and fault 
tolerance across different inverter types. 
In [9], authors discusses the real-time emulation of a Permanent Magnet Synchronous Motor (PMSM)-
loaded Modular Multilevel Converter (MMC) integrated with a Battery Energy Storage System (BESS). 
The proposed system emulates the dynamic behavior of the motor and converter while optimizing power 
flow from the BESS. It focuses on the real-time control strategies for managing the interaction between 
the PMSM and MMC, improving system performance, and ensuring efficient energy storage and 
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conversion. In [10], authors explore the challenges limiting Modular Multilevel Converters (MMCs) in 
high-performance drive applications, such as control complexity and harmonic distortions. The authors 
propose novel strategies to address these issues, including advanced modulation and control schemes. 
Their work extends the practical applicability of MMCs in demanding industrial scenarios. In [11], 
authors introduce the Active Cross-Connected Modular Multilevel Converter (AC-MMC) for medium-
voltage motor drives, aiming to enhance system reliability and efficiency. The proposed topology reduces 
submodule voltage imbalance and improves fault tolerance. Simulation and experimental results validate 
the improved performance of the AC-MMC design.  In [12], authors investigate the operation of Modular 
Multilevel Converters (MMCs) at low output frequencies, a critical challenge for industrial drive 
applications. They highlight issues such as circulating currents and submodule capacitor voltage 
balancing. The study proposes control strategies to ensure stable and efficient low-frequency performance. 
In [13], authors have proposed an optimal phase shift angle-based CPS-PWM method for full-bridge 
MMC systems driving permanent magnet synchronous motors (PMSMs). The method aims to minimize 
harmonic distortion and improve output waveform quality. In [14]. authors present a control strategy for 
balanced submodule operation in MMC-based induction motor drives across a wide-speed range. Their 
approach ensures stable performance and efficient voltage balancing under varying load conditions.  
In [15], authors have proposed a hybrid MMC topology combining half-bridge and full-bridge submodules 
for medium-voltage variable-speed motor drives. The design enhances fault tolerance and reduces system 
cost while maintaining high performance. In [16], authors have developed a two-degree-of-freedom 
backstepping observer to suppress DC error in sensorless PMSM drives. The method improves control 
accuracy and dynamic performance without relying on physical sensors. Based on literature review and 
problem associated with the PMSM drive, this paper proposed the PMSM drive with advanced power 
electronic converter topology i.e. MMC which is more reliable and efficient than another converter 
topology. The details waveform analysis is presented in the paper. 
2. Basic about PMSM and its operation 
The Permanent Magnet Synchronous Motor (PMSM) is a rotating electrical machine where the stator is 
a classic three phase stator like that of an induction motor and the rotor has surface mounted permanent 
magnets. In this regard, The Permanent Magnet Synchronous Motor is equivalent to an induction motor 
where the air gap magnetic field is produced by a permanent magnet. Thus, with the development of 
permanent materials and control technology the PMSM is mostly used due to high torque/inertia ratio, 
high power density, high efficiency, reliability and easy for maintenance in different industrial 
applications. A brushless PMSM has a wound stator, a permanent magnet rotor assembly, and internal 
or external devices to sense rotor position. The sensing devices provide position feedback for adjusting 
frequency and amplitude of stator voltage reference properly to maintain rotation of the magnet assembly. 
The combination of an inner permanent magnet rotor and outer windings offers the advantages of low 
rotor inertia, efficient heat dissipation, and reduction of the motor size. Moreover, the elimination of 
brushes reduces noise, EMI generation and suppresses the need of brushes maintenance. Based on the 
mounting arrangement of magnet on rotor core, Permanent Magnet Synchronous Motor (PMSM) can be 
categorized into two types: Surface Mounted PMSMs and Buried or interior PMSMs  The working 
principle of permanent magnet synchronous motor is same as that of synchronous motor. When three 
phase winding of stator is energized from 3 phase supply, rotating magnetic field is set up in the air gap. 
At synchronous speed, the rotor field poles lock with the rotating magnetic field to produce torque and 
hence rotor continues to rotate. Figure-1 shows the basic block diagram of MMC fed PMSM drive. 

 
Figure-1 Block diagram of MMC fed PMSM drive 
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3. Field Oriented Control of MMC fed PMSM drive 
Modular Multilevel Converters (MMCs) are advanced power electronic converters well-suited for high- 
and medium-voltage applications due to their scalability, modularity, and superior output waveform 
quality. When used to drive Permanent Magnet Synchronous Motors (PMSMs), MMCs offer enhanced 
efficiency, reduced harmonic distortion, and improved dynamic performance. 
Field-Oriented Control (FOC) is a popular control strategy for PMSM drives that allows independent 
control of torque and flux by transforming the stator currents into a rotating reference frame. Combining 
MMC with FOC enables precise and efficient control of PMSM operation across a wide speed range. 
The FOC block diagram typically consists of the following components: 
• Current Controller (PI): Two PI controllers are used to regulate the d- and q-axis currents (id, iq). 
The controller compares the actual current values with reference currents (id∗, iq∗) and adjusts the voltage 
commands vd,vq accordingly. 
• Clarke & Park Transformations: This block converts the three-phase stator currents ( ia,ib,ic) into 
two-axis (d-q) rotating reference frame components using the rotor position angle (θ). This simplifies 
control, allowing independent regulation of flux and torque. 
• Speed Controller (PI): The actual rotor speed (ω) is subtracted from the reference speed (ω*) to 
calculate the speed error. This error is processed by a Proportional-Integral (PI) controller, which generates 
the reference q-axis current iq∗, responsible for producing the required torque. 
• Inverse Park & Clarke Transformations: This transforms the control voltages vd,vq back into three-
phase AC voltages va,vb,vc required by the MMC to drive the PMSM. These voltages are then modulated 
and applied through the converter. 
• PWM Generation for MMC: The reference voltages are fed into a Carrier Phase-Shifted PWM (CPS-
PWM) or another advanced modulation technique suitable for MMCs. This block generates switching 
signals for each MMC submodule, ensuring smooth output voltage with low harmonic content. 
Figure-2 shows transformation of 3 phase quantity to 2 phase quantity using clark and park 
transformation.  

 
Figure-2 Transformation of current and voltage (Clark and Park’s Transformation) 
 
4. Experimental Results and Discussion 
To check the performance of MMC fed PMSM drive under no load and full load application, small 
laboratory prototype is prepared. The details circuit diagram of MMC fed PMSM drive is shown in figure-
3. Figure-3 shows the three phase MMC converter with half bridge sub-module topology. To control the 
speed of induction motor, Field Oriented Control (FOC) technique is employed in closed loop. Phase 
Shifted Multi Carrier PWM (PSC-PWM) used to control the MMC parameters. Model based Simulation 
is used to generate the code for real time controller. For each arm, 4 SM is used, and central arm inductor 
is employed which is used to limit the circulating current. 
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Figure-3 Experimental set-up block diagram 
 

No Load Condition Full Load Condition 

  
(a) 

  
(b) 

  
(c) 
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(d) 

  
(e) 
Figure-4 Real time simulator waveform analysis and comparison (a) Speed at no load and full load, (b) 
theta angle at no load and full load, (c) Line voltages at no load and full load, (d) Load current at no 
load and full load, (e) Real time simulator waveform analyser window showing at no load and full load 
condition. 

 
Figure-4 shows waveform analysis of MMC fed closed loop control of induction motor drive using TRUE 
Controller (Real Time Hardware Simulator). The comparison between no load and full load condition 
of MMC fed induction motor drive is evaluated. Figure-4 (a) shows the reference speed and actual speed 
of motor with and without loading arrangements. It is observed that due to robust control algorithm, 
actual speed of motor follows the reference speed. Figure-4 (b) shows theta angle with respect to motor 
speed. Based on reference speed command signal, theta angle will very and track the motor speed 
according to reference speed. Line voltages at the motor terminal is shown in figure-4 (c). It is observed 
that at no load and full load condition, the magnitude of line voltages remain same due to robust control 
structure. Figure-4 (d) shows load current waveform. It is observed that at no load condition, motor draws 
very minimal value of current to supply the motor losses. Complete dashboard view of real time hardware 
simulator is shown in figure-4 (e). 
From the above experimental set-up and results analysis, it is observed that field orientated control of 
MMC fed PMSM drive is more reliable and accurate compared to conventional 2- level converter fed 
PMSM drive. 
 
5. CONCLUSION 
This paper presented the new converter topology for PMSM drive. Conventional 2-level converter fed 
PMSM drive is not reliable due its construction limitation as well as it is not suitable to operate the motor 
under entire speed range. The modular multilevel converter has a flexibility in increasing the any level of 
output voltage without adding any extra complex hardware circuitry as well as modularity in structure 
make more suitable for field-oriented control of PMSM drive. It is observed from the experimental set-up 
and waveform analysis, the performance of PMSM drive under entire speed range is satisfactorily. The 
steady state and transient response of motor is observed under varying motor speed and torque condition.  
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