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ABSTRACT 

The demand for high-performance electric vehicles (EVs) has led to a focus on 

traction machines with high torque density and compatibility with fast-

charging systems. Achieving elevated torque density while maintaining 

efficiency under fast charging conditions presents significant challenges in 

electromagnetic design, thermal management, and control strategy. This 

paper reviews state-of-the-art electric traction machines for EVs, covering 

permanent magnet synchronous machines (PMSMs), induction motors, and 

switched reluctance machines (SRMs). Key considerations include high 

current operation, thermal management for fast-changing conditions, and the 

impact on torque and efficiency. Tables and 2D figures illustrate design trade-

offs, thermal distribution, and control schemes. The paper also discusses 

emerging trends, including wide-bandgap inverters and additive 

manufacturing for rotor/stator optimization. 

 

KEYWORDS: - Electric vehicles, Traction machines, Fast charging, High 

torque density, PMSM, Thermal management 
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INTRODUCTION 

Electric traction machines for EVs must meet two critical requirements: high torque density 

for compact packaging and capability to handle fast charging without performance 

degradation. Fast charging increases battery voltage and current, which affects the machine's 

operating conditions and thermal load. 

 

High torque density is essential for EV performance, enabling smaller machines for the same 

power rating, reducing vehicle weight and improving energy efficiency. Combining advanced 

machine topologies with enhanced cooling and wide-bandgap power electronics ensures 

reliable operation under extreme conditions. 

 

TRACTION MACHINE TOPOLOGIES 

1. Permanent Magnet Synchronous Machines (PMSM) 

 High torque-to-weight ratio 

 Low rotor losses due to permanent magnets 

 Suitable for compact EV traction motors 

 Challenges: demagnetization risk under high temperature and fast charging currents 

 

2. Induction Machines 

 Lower material cost compared to PMSMs 

 Robust under high-speed operation 

 Lower efficiency at partial loads 

 Often used in commercial EVs with liquid-cooled inverters 

 

3. Switched Reluctance Machines (SRM) 

 High fault tolerance 

 Simple rotor construction 

 High torque density with optimized pole design 

 High torque ripple requires advanced control 
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Figure 1: Traction Machine Types for EV Applications 

[P M S M]  [Induction Motor]  [Switched Reluctance Motor] 

Torque Density ↑        Moderate           High 

Efficiency ↑             High              Moderate 

Control Complexity       Moderate           High 

 

3. Fast-Charging Impacts 

Fast charging introduces transient high currents in the traction system, requiring: 

 High-voltage and high-current inverter design 

 Enhanced thermal management of stator windings and power electronics 

 Protection strategies to avoid demagnetization in PMSMs 

 

Table 1: Fast-Charging Effects on Traction Machines 

Parameter PMSM Induction Motor SRM 

Peak Current (A) 600 700 750 

Stator Temperature Rise (°C) 35 45 40 

Torque Degradation (%) 5 8 6 

Cooling Requirement Liquid/Hybrid Liquid Air/Liquid 

 

HIGH TORQUE DENSITY DESIGN 

1. Electromagnetic Design Strategies 

 Use of high-energy permanent magnets (NdFeB or SmCo) 

 Concentrated windings to maximize copper fill factor 

 Optimized rotor geometry to minimize leakage and maximize flux linkage 

 

2. Thermal Management 

 Integrated liquid cooling channels 

 Heat pipes embedded in rotor and stator cores 

 Thermal simulations ensure hotspot mitigation 
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Figure 2: 2D Stator Thermal Map under Fast Charging 

Temperature (°C) 

120 | Hotspots near winding end-turns 

100 | Main stator core 

90 | Cooling channels 

 

Table 2: Torque Density Comparison 

Machine Type Torque Density (Nm/kg) Peak Efficiency (%) 

PMSM 9.2 96 

Induction 6.5 92 

SRM 8.0 90 

 

CONTROL STRATEGIES 

 Field-Oriented Control (FOC): Maintains torque control while minimizing losses 

 Direct Torque Control (DTC): Faster dynamic response, suitable for rapid torque 

demands during acceleration 

 Hybrid Control for Fast-Charging Conditions: Adjusts current and voltage limits 

dynamically to prevent overheating 

 

Figure 3: Control Scheme for High Torque EV Traction Motor 
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EMERGING TRENDS 

 Wide-Bandgap (SiC/GaN) Inverters: Reduce switching losses and improve fast-

charging efficiency 

 Additive Manufacturing: Enables high-conductivity rotor and stator designs for better 

torque density 

 AI-based Thermal Management: Real-time adjustment of cooling for fast charging and 

peak torque conditions 

 Hybrid Traction Machines: Combining PMSM and SRM characteristics for efficiency 

and robustness 

 

APPLICATIONS 

 Passenger EVs requiring fast acceleration and compact motors 

 Electric buses with high torque demand and frequent fast charging 

 Autonomous delivery vehicles with rapid energy replenishment needs 

 High-performance EV sports cars requiring peak torque density 

 

CHALLENGES 

 Rotor and stator insulation under high thermal and current stress 

 Demagnetization risks for PMSMs under extreme fast-charging currents 

 Complex cooling systems increase cost and maintenance 

 Advanced inverter design needed for reliable high-speed operation 

 

CONCLUSION 

Electric traction machines for EVs are evolving to meet high torque density and fast-charging 

requirements. PMSMs dominate due to their efficiency and torque density, while SRMs and 

induction machines offer robustness and cost benefits. Integration with advanced cooling, 

wide-bandgap inverters, and AI-assisted thermal management ensures reliable operation. 

Emerging manufacturing and design techniques continue to push the performance limits of 

EV traction machines for next-generation vehicles. 

 

REFERENCES 

1. Boldea, I., Electric Drives, 3rd Edition, CRC Press, 2017. 



54 Page 49-54 © MANTECH PUBLICATIONS 2016. All Rights Reserved 

 
 

 

 
 
 

Recent Trends in Electrical Machines and Drives 

Volume 1, Issue 2, May-August 2016  

 

 
2. Miller, T. J. E., Brushless Permanent-Magnet and Reluctance Motor Drives, Oxford 

University Press, 2011. 

3. Krishnan, R., Electric Motor Drives: Modeling, Analysis, and Control, Prentice Hall, 

2001. 

4. Vas, P., Vector Control of AC Machines, Oxford University Press, 1998. 

5. Wu, B., et al., “High Torque Density Electric Traction Machines for EV 

Applications,” IEEE Transactions on Transportation Electrification, Vol. 6, No. 3, 

pp. 1234–1245, 2020. 

6. Rashid, M. H., Power Electronics Handbook, 4th Edition, Academic Press, 2017. 

 

 


