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Abstract: The motor is the most critical component among the “three electric systems” (motor,
battery, and electronic control) of new energy vehicles (NEVs). However, there is currently a
lack of systematic and in-depth discussion and classification regarding the types of main drive
motors used in modern NEVs and their key technical issues. To address this, this study first

investigates and categorizes the types of drive motors for NEVs, identifying four dominant types
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currently in use: DC motors, AC permanent magnet synchronous motors (PMSMs), reluctance
motors, and AC asynchronous induction motors. Furthermore, a comprehensive explanation of
the current status and key technologies of these four types of drive motors is provided. The
specific mechanical structures of each motor, the automotive manufacturers and vehicle models
that employ them, as well as their respective advantages and disadvantages are discussed. This
detailed analysis thoroughly presents the design philosophy behind NEV electric drive systems
and related technologies. The research results indicate that AC radial-flux PMSMs, axial-flux
PMSMs, and AC asynchronous motors exhibit superior comprehensive performance and are likely
to dominate as the main types of drive motors for future NEVs. Additionally, the characteristics
of 4-pole and 8-pole variable-pole AC asynchronous copper-rotor induction motors are briefly
examined, demonstrating their promising application prospects. Finally, through a systematic
and in-depth analysis of the development trends of main drive motors, this study clearly concludes
that future NEV drive motors should evolve in the following directions: higher supply voltages,
increasingly higher rotational speeds, lower noise vibration and harshness(NVH), greater power
density, use of high-strength and high-permeability materials, integration of motors with gear
reducers and drive controllers, cost-effective and highly reliable motor speed sensing, and high-
frequency, high-efficiency drive controllers.

Keywords: new energy vehicle; AC permanent magnet synchronous motor; high-voltage; high

speed; high power density
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Fig. 1 Mechanical characteristic curve of DC motor
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Fig. 3 Brushless DC motor applications
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Fig. 4 Mechanical characteristic curve of AC permanent magnet

synchronous motor
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Fig. 5 Tesla Model S Plaid PMSM motor
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Fig. 12 Strengthen the cooling structure of the motor
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Potting epoxy stator teeth are fixed by a

fixed plate
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Fig. 23 Stator teeth are fixed by a fixed plate and

an axial tie rod
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Fig. 24 Rotor permanent magnet switching flux motor
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Fig. 25 Mechanical characteristics of induction motors
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Fig. 26 Tesla asynchronous motor copper rotor composition
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Table 1 Motor speed of different car models

AR K AL H3#/(r + min™")
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Table 2 Power density of drive motors for different car models
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