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 ABSTRACT 

Electric vehicles (EVs) require high efficiency, reliable and fast dynamic 

response traction motors. Among different motor types, Brushless DC Motor 

(BLDC), Permanent Magnet Synchronous Motor (PMSM), and Switched 

Reluctance Motor (SRM) are widely adopted in EV propulsion due to their 

superior performance compared to conventional DC and induction motors. 

However, each motor demands specific control strategies to achieve optimal 

torque, speed regulation, efficiency, and fault tolerance. This paper presents a 

comprehensive review of control techniques used for BLDC, PMSM, and SRM 

in EV traction systems. Classical and modern control methods such as 

trapezoidal control, Field Oriented Control (FOC), Direct Torque Control 

(DTC), sensorless control, hysteresis control, and intelligent control techniques 

are discussed. Comparative analysis is provided to highlight suitability of each 

motor and control strategy for EV applications. The challenges, advantages, 

and future trends in traction motor control are also discussed. 

 

KEYWORDS: BLDC control, PMSM control, SRM control, EV traction, Field 

Oriented Control, Direct Torque Control, Sensorless control. 
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INTRODUCTION 

The rapid development of electric vehicles has created strong demand for high performance 

traction motors. The traction motor must provide high starting torque, wide speed range, 

regenerative braking capability, compact size and high efficiency. BLDC, PMSM, and SRM 

motors are most preferred choices for EV propulsion. 

 

The performance of these motors highly depends on control strategies implemented through 

power electronic converters and digital controllers. Proper control allows efficient torque 

production, smooth speed regulation and reduced losses. Hence, understanding control 

techniques for these motors is very important for EV designers. 

 

2. REQUIREMENTS OF EV TRACTION MOTOR CONTROL 

Electric vehicle (EV) traction systems require motors and their control strategies to satisfy 

stringent performance, efficiency, and reliability criteria. Unlike conventional automotive 

applications, EV traction motors must operate efficiently over a wide range of speeds and loads, 

while ensuring safety and longevity. The following subsections elaborate the key requirements 

in detail: 

 

2.1 High Torque at Low Speed for Starting 

At vehicle start-up or during hill climbing, the traction motor must deliver high torque to 

overcome inertia and load. 

 Significance: Low-speed torque is crucial because internal combustion engine alternatives 

typically provide high torque at low RPM, whereas electric motors often need current 

control to produce similar torque levels. 

 Control Implications: Control methods such as Field Oriented Control (FOC) for PMSM 

or current-regulated trapezoidal control for BLDC motors are used to maximize torque 

production at low speeds. 

 Motor Choice Impact: Motors with high torque density, such as PMSMs and BLDCs with 

permanent magnets, are preferred for urban EVs requiring strong acceleration from 

standstill. SRMs can also produce high starting torque due to their inductance 

characteristics but require precise switching for smooth operation. 
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2.2 Wide Constant Power Speed Range 

After achieving base speed, the motor should maintain constant power output over a wide range 

of speeds up to maximum vehicle speed. 

 Significance: EVs often operate at high speeds where torque naturally decreases; constant 

power operation ensures sufficient acceleration and top-speed performance. 

 Control Implications: Field weakening strategies are used in PMSM control to extend 

speed beyond the rated voltage limit. BLDC motors may require voltage modulation or 

PWM adjustments for high-speed operation. SRMs require dynamic adjustment of phase 

energization and angle control for maintaining efficiency at high speed. 

 

2.3 Fast Dynamic Response During Acceleration and Braking 

EV traction motors must respond rapidly to driver commands, especially during sudden 

acceleration or deceleration. 

 Significance: Rapid response ensures safety, comfort, and drivability in urban traffic or 

emergency scenarios. 

 Control Implications: High-speed digital controllers with predictive algorithms, such as 

model predictive control (MPC), and direct torque control (DTC) can achieve microsecond-

level response for PMSM and SRM drives. Sensorless control techniques must also be able 

to track rotor position and speed accurately to avoid delays in torque production. 

 

2.4 Regenerative Braking Capability 

To improve energy efficiency, EV traction systems must allow the motor to act as a generator 

during braking. 

 Significance: Regenerative braking recovers kinetic energy, recharges the battery, and 

reduces mechanical brake wear. 

 Control Implications: The inverter must precisely control torque polarity and current 

direction. FOC or DTC allows controlled torque reversal for PMSMs. BLDC motors can 

implement reverse commutation schemes, while SRMs require careful timing of phase de-

energization to return energy to the battery. 

 

2.5 High Efficiency and Low Losses 

Traction motors should operate at high efficiency across a wide operating range to maximize 

vehicle range. 
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 Significance: EV range depends heavily on motor and inverter efficiency; losses in copper, 

iron, and switching must be minimized. 

 Control Implications: Advanced modulation schemes such as Space Vector PWM 

(SVPWM) reduce harmonic content and improve efficiency. Intelligent control algorithms 

optimize current profiles and reduce torque ripple to minimize losses. Thermal 

management is also critical to prevent efficiency drop under high-load conditions. 

 

2.6 Fault Tolerant Operation 

EV traction systems must remain operational, at least partially, under fault conditions to ensure 

vehicle safety. 

 Significance: Electrical or thermal faults can occur due to short circuits, overcurrent, or 

sensor failures. 

 Control Implications: Fault-tolerant control strategies, such as independent phase control 

or safe torque reduction, allow continued operation with minimal performance loss. SRMs 

inherently offer robustness due to their simple rotor construction. PMSM and BLDC 

systems require redundancy in sensors or sensorless algorithms to maintain operation 

during sensor failures. 

 

2.7 Sensorless or Minimum Sensor Requirement 

Minimizing or eliminating physical sensors reduces system cost, improves reliability, and 

reduces maintenance. 

 Significance: Rotor position sensors (encoders, Hall sensors) add cost and may fail under 

harsh EV operating conditions. 

 Control Implications: Sensorless control techniques, including back EMF detection for 

BLDC, flux observers for PMSM, and inductance-based position estimation for SRM, are 

widely adopted. Controllers must accurately estimate rotor position and speed, especially 

at low speeds where back EMF is weak. 

 

2.8 Thermal and Current Protection 

Motors and inverters must be protected from overcurrent and overheating. 

 Significance: High currents during acceleration, regenerative braking, or fault conditions 

can damage windings, power electronics, or magnets. 

 Control Implications: Controllers implement current limiting, thermal derating, and  
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Over temperature shutoff. Real-time monitoring using sensors or virtual estimation ensures 

long-term reliability. 

 

3. CONTROL OF BLDC MOTOR FOR EV TRACTION 

Brushless DC (BLDC) motors are widely used in electric vehicle (EV) traction systems due to 

their high efficiency, high torque-to-weight ratio, and low maintenance requirements. Unlike 

conventional brushed DC motors, BLDC motors do not have mechanical brushes; instead, they 

use electronic commutation through inverters. The control strategy for BLDC motors 

significantly affects torque production, efficiency, and smoothness of operation. 

 

3.1 Principle of BLDC Control 

BLDC motors typically have three stator windings connected in a star (Y) or delta 

configuration, with permanent magnets on the rotor. The motor produces trapezoidal back 

electromotive force (EMF), and the ideal current waveform is rectangular, aligned with the 

back EMF to maximize torque. The fundamental principle of BLDC motor control is electronic 

commutation, which replaces mechanical commutators and brushes. 

 

Key Components of BLDC Control: 

1. Inverter/Driver: 

A three-phase voltage source inverter (VSI) switches the DC supply to the stator windings 

in a specific sequence to produce rotational torque. 

 

2. Rotor Position Detection: 

Rotor position is essential for proper commutation. Hall-effect sensors or optical encoders 

are commonly used. These sensors detect rotor position and provide feedback to the 

controller, ensuring current flows through the appropriate phases. 

 

3. Current Waveform Alignment: 

Maximum torque is achieved when the stator current is in phase with the trapezoidal back 

EMF. The electronic controller ensures that two phases are conducting at a time while the 

third phase is off, following a six-step commutation pattern. 
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4. Speed and Torque Control: 

PWM techniques or voltage control methods regulate motor speed and torque. Speed loops 

often use proportional–integral (PI) controllers for stable performance. 

 

Mathematical Model: 

The phase voltage equation of a BLDC motor can be expressed as: 

Va=Rsia+Ldiadt+eaV_a = R_s i_a + L \frac{di_a}{dt} + e_aVa=Rsia+Ldtdia+ea  

where: 

 VaV_aVa = applied phase voltage 

 RsR_sRs = phase resistance 

 LLL = phase inductance 

 iai_aia = phase current 

 eae_aea = back EMF of phase A 

Similar equations apply for phases B and C. These equations form the basis of control 

algorithms for current and voltage regulation. 

 

3.2 Trapezoidal Control (Six-Step Commutation) 

The simplest and most common method for BLDC control is trapezoidal or six-step 

commutation, where the stator currents are applied in six sequential steps during a complete 

electrical cycle (360°). 

 

 Working Principle: 

At any time, two phases conduct while the third remains unpowered. Commutation occurs 

every 60° of electrical rotation, corresponding to the trapezoidal back EMF waveform. The 

sequence ensures that torque is always in the forward direction. 

 

Table 1: BLDC Six-Step Commutation 

Rotor Position Phase A Phase B Phase C 

0–60° + − Off 

60–120° + Off − 

120–180° Off + − 

180–240° − + Off 
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Rotor Position Phase A Phase B Phase C 

240–300° − Off + 

300–360° Off − + 

 

3.3 PWM Control for BLDC Motors 

While six-step (trapezoidal) commutation is simple, it produces torque ripple and non-ideal 

current waveforms. To enhance performance, Pulse Width Modulation (PWM) is used in 

BLDC motor control. PWM enables precise control of voltage applied to the motor phases, 

thereby controlling the speed and torque more smoothly. 

 

Principle of PWM Control 

 In PWM, the DC supply voltage is switched ON and OFF at a high frequency (typically 10 

kHz–20 kHz for EV applications). 

 By adjusting the duty cycle (the ratio of ON time to the total period), the effective voltage 

applied to the motor can be varied. 

 Higher duty cycle → higher average voltage → higher speed or torque. 

 Lower duty cycle → lower voltage → lower speed or torque. 

 

Benefits of PWM in BLDC Motors 

1. Smooth Torque Production: 

By approximating the ideal rectangular current waveform more closely, torque ripple is 

reduced. 

2. Precise Speed Control: 

PWM allows fine adjustment of motor voltage, enabling accurate speed regulation under 

varying load conditions. 

3. Improved Efficiency: 

Voltage control ensures that the motor operates closer to its optimal operating point, reducing 

copper and core losses. 

4. Reduced Noise: 

By controlling the voltage and current waveform shape, PWM reduces audible torque ripple 

noise. 
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Implementation in EVs 

 Modern EV controllers use microcontroller-based PWM generation combined with six-

step commutation. 

 Advanced methods such as Space Vector PWM (SVPWM) further improve voltage 

utilization and reduce harmonics, leading to smoother motor operation. 

 PWM control is particularly effective in high-speed operation, where trapezoidal six-step 

commutation alone produces high ripple. 

 

3.4 Sensorless Control of BLDC Motors 

Traditional BLDC control relies on Hall-effect sensors or optical encoders to detect rotor 

position for commutation. However, sensors increase cost, complexity, and reliability 

concerns. Sensorless control eliminates physical sensors by estimating rotor position from the 

motor’s electrical signals, typically the back EMF. 

 

Principle of Back EMF-Based Sensorless Control 

 BLDC motors generate back EMF in unpowered phases proportional to rotor speed. 

 Zero-crossing of back EMF occurs 180° electrical after commutation, providing the 

timing for the next commutation. 

 The controller detects this zero-crossing and switches the phases appropriately, mimicking 

the function of Hall sensors. 

 

Advantages of Sensorless Control 

 Reduced Cost: 

Eliminates Hall sensors, wiring, and associated circuitry. 

 Improved Reliability: 

No physical sensors means fewer failure points, especially under harsh EV environments 

(vibration, temperature, dust). 

 Compact Design: 

Simplifies motor assembly and reduces packaging constraints. 

 Maintenance-Free: 

No sensor calibration or replacement needed over the lifetime of the vehicle. 
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Limitations and Solutions 

 Low-Speed Performance: 

ack EMF is proportional to speed, so at very low speeds, the EMF signal is weak and may 

be noisy. 

Solution: Use auxiliary start-up algorithms (open-loop voltage or current ramp) until speed 

is sufficient for EMF detection. 

 

 Noise Sensitivity: 

Electrical noise may cause erroneous zero-crossing detection. 

Solution: Filtering and advanced observers (e.g., Phase-Locked Loop or Extended Kalman 

Filter) are used to improve accuracy. 

 

4. CONTROL OF PMSM FOR EV TRACTION 

PMSM is widely used in modern EVs due to sinusoidal back EMF, high power density and 

smooth torque. 

4.1 Field Oriented Control (FOC) 

FOC is the most popular control for PMSM. It transforms stator currents into dq rotating 

reference frame. 

 

Voltage equations: 

Vd=Rsid+dλddt−ωrλqV_d = R_s i_d + \frac{d\lambda_d}{dt} - \omega_r \lambda_qVd=Rs

id+dtdλd−ωrλq Vq=Rsiq+dλqdt+ωrλdV_q = R_s i_q + \frac{d\lambda_q}{dt} + \omega_r 

\lambda_dVq=Rsiq+dtdλq+ωrλd  

Where torque is controlled by iqi_qiq and flux by idi_did. 

 

Advantages: 

 Smooth torque 

 High efficiency 

 Wide speed range 

 Precise control 
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Figure 1: Basic Block Diagram of FOC for PMSM 

 

4.2 Direct Torque Control (DTC) 

DTC controls torque and flux directly using hysteresis controllers. 

Advantages: 

 Fast response 

 No current controller 

 Simple structure 

Disadvantages: 

 Torque ripple 

 Variable switching frequency 

 

4.3 Sensorless PMSM Control 

Observers and estimators like Sliding Mode Observer (SMO) and Extended Kalman Filter 

(EKF) are used. 

 

5. CONTROL OF SRM FOR EV TRACTION 

SRM works on reluctance principle and has simple construction with no magnets. 
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5.1 Hysteresis Current Control 

Current is maintained within hysteresis band to control torque. 

5.2 Torque Sharing Function (TSF) 

TSF reduces torque ripple by sharing torque between adjacent phases. 

5.3 Angle Position Control 

Proper turn-on and turn-off angles are critical for SRM efficiency. 

 

 

Figure 2: SRM Phase Current and Inductance Profile 

 

5.4 Sensorless SRM Control 

Inductance variation and flux linkage estimation are used. 

 

5. COMPARISON OF CONTROL TECHNIQUES 

 

Table 2: Comparison of BLDC, PMSM, and SRM Control 

Feature BLDC PMSM SRM 

Back EMF Trapezoidal Sinusoidal No back EMF 

Control complexity Low High Medium 

Torque ripple Medium Low High 

Sensor requirement Hall / sensorless Encoder / sensorless Position sensor 



 
 
 

115 Page 104-116 © MANTECH PUBLICATIONS 2022. All Rights Reserved 

 

Journal of Power Electronics and Drives  

Volume 7, Issue 3, September-December 2022 

 

 

 

  

 

 

 

 

Feature BLDC PMSM SRM 

Efficiency High Very High High 

Cost Medium High Low 

Suitability for EV Medium Excellent Good 

 

REGENERATIVE BRAKING CONTROL 

All three motors support regenerative braking through inverter control. 

 BLDC: Reverse commutation 

 PMSM: Negative torque via FOC 

 SRM: Energy returned during demagnetization 

 

INTELLIGENT CONTROL TECHNIQUES 

Modern EVs adopt AI and advanced control: 

 Fuzzy Logic Control 

 Neural Network based control 

 Model Predictive Control (MPC) 

 Adaptive control 

These improve robustness under parameter variation. 

 

CHALLENGES IN TRACTION MOTOR CONTROL 

 Torque ripple minimization 

 Sensorless operation at low speed 

 Thermal management 

 Parameter variation 

 EMI and switching losses 

 

FUTURE TRENDS 

 Integrated motor drive control 

 Use of SiC/GaN devices for high frequency control 

 Advanced sensorless algorithms 

 Digital twin and predictive control 
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CONCLUSION 

BLDC, PMSM, and SRM motors all have significant role in EV traction systems. The selection 

of motor depends on cost, performance, and control complexity. BLDC offers simple and low 

cost solution but suffers from torque ripple. PMSM with FOC provides best performance and 

is widely used in modern EVs. SRM offers ruggedness and low cost but needs advanced control 

to reduce torque ripple. Advanced control techniques like sensorless estimation and intelligent 

control are making these motors more efficient and reliable for EV applications. Proper control 

strategy is the key factor for achieving high performance EV propulsion. 
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