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Abstract
Power electronics is a rapidly evolving field that is essential for a wide range
of applications. The next generation of power electronics will need to meet the
demands of high-performance electrical machine drives, while also being

more efficient, reliable, and cost-effective.

This paper reviews the latest developments in next-generation power
electronics, with a focus on their applications in high-performance electrical
machine drives. The paper begins by discussing the challenges that need to be
addressed in next-generation power electronics. It then reviews the following
promising technologies: wide bandgap (WBG) power semiconductor devices,
multilevel converters, integrated power modules, and digital control. The
paper concludes by discussing the future of power electronics for high-

performance electrical machine drives.
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INTRODUCTION
Electrical machine drives are used in a wide variety of applications, including electric
vehicles, renewable energy systems, and industrial motors. The performance of these drives

is limited by the power electronics that convert and control the electrical power.
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The next generation of power electronics will need to meet the following challenges:
e Higher power and efficiency: The demand for higher power density in electric vehicles
and other applications is driving the development of new power semiconductor devices

and converter topologies.

e Increased reliability: Power electronics are often exposed to harsh environments, such as
high temperatures and vibrations. Next-generation power electronics will need to be more

reliable to meet the demands of these applications.

e Reduced cost: The cost of power electronics is a major factor in the overall cost of
electric vehicles and other applications. Next-generation power electronics will need to be
more cost-effective to make these applications more affordable.

Table 1: Challenges and Solutions for Next-Generation Power Electronics

Challenge Solution

Higher power and efficiency Wide bandgap (WBG) power semiconductor devices,

multilevel converters, and integrated power modules

Increased reliability Improved packaging and cooling techniques, fault

tolerant control systems

Reduced cost Increased production volumes, innovative manufacturing

processes

NEXT-GENERATION POWER ELECTRONICS

Wide bandgap (WBG) power semiconductor devices: WBG devices, such as silicon carbide
(SiC) and gallium nitride (GaN), offer higher power density, efficiency, and temperature
tolerance than traditional silicon devices. This is because they have a wider bandgap, which
means that they can operate at higher voltages and temperatures. WBG devices are a
promising technology for next-generation power electronics applications, such as electric

vehicles and renewable energy systems.
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Figure 1: SiC power transistor

SiC power transistors are a type of WBG power semiconductor device that offer higher
power density, efficiency, and temperature tolerance than traditional silicon devices. They are
a promising technology for next-generation power electronics applications.
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Figure 2: Multilevel converter

Multilevel converters are a type of converter that uses multiple power switches to achieve
higher voltage and current ratings than single-phase converters. This makes them well-suited
for high-power applications.

89 | Page 87-94 © MANTECH PUBLICATIONS 2023. All Rights Reserved



M ANI ECH Recent Trends in Electrical Machines and Drives

Publications Volume 8, Issue 3, September- December 2023

Figure 3: Integrated power module

Integrated power modules combine multiple power semiconductor devices and passive
components into a single package. This reduces the size, weight, and cost of power

electronics systems.
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Digital control: Digital control systems offer a number of advantages over traditional analog
control systems, such as improved performance, flexibility, and fault tolerance. Digital
control systems can be used to optimize the performance of power electronics systems, and

they can also be used to protect the systems from faults.

APPLICATIONS IN HIGH-PERFORMANCE ELECTRICAL MACHINE DRIVES

Electric vehicles: Next-generation power electronics will be essential for improving the range
and performance of electric vehicles. WBG power semiconductor devices and multilevel
converters can be used to increase the power density and efficiency of electric vehicle drives.

Integrated power modules can be used to reduce the size and weight of these drives. Digital
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control systems can be used to optimize the performance of the drives and protect them from
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Renewable energy systems: Next-generation power electronics will be needed to improve
the efficiency and reliability of renewable energy systems, such as solar and wind power.
WBG power semiconductor devices and multilevel converters can be used to convert the
variable output of these generators to a constant voltage. Integrated power modules can be
used to reduce the size and weight of these systems. Digital control systems can be used to

optimize the performance of the systems and protect them from faults.

Industrial motors: Next-generation power electronics will be used to improve the efficiency,
performance, and reliability of industrial motors. WBG power semiconductor devices and
multilevel converters can be used to increase the power density and efficiency of these

motors. Integrated power modules can be used to reduce the size and weight of these motors.
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Digital control systems can be used to optimize the performance of the motors and protect

them from faults.

High-speed machines: Next-generation power electronics will be used to drive high-speed
machines, such as wind turbines and electric aircraft. WBG power semiconductor devices and
multilevel converters can be used to handle the high currents and voltages required by these
machines. Integrated power modules can be used to reduce the size and weight of these

machines. Digital control systems can be used to optimize the performance of the machines

and protect them from faults.
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High-precision machines: Next-generation power electronics will be used to drive high-
precision machines, such as machine tools and medical devices. WBG power semiconductor
devices and multilevel converters can be used to provide the precise control required by these

machines. Integrated power modules can be used to reduce the size and weight of these
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machines. Digital control systems can be used to optimize the performance of the machines

and protect them from faults.

CONCLUSION

The next generation of power electronics will play a critical role in the development of high-
performance electrical machine drives. These drives are essential for a wide range of
applications, including electric vehicles, renewable energy systems, and industrial motors.
The next generation of power electronics will need to meet the challenges of these

applications, while also being more efficient, reliable, and cost-effective.

The technologies that are being developed for next-generation power electronics, such as
WBG power semiconductor devices, multilevel converters, integrated power modules, and
digital control, offer a lot of promise. As these technologies mature, they will enable the
development of new and innovative applications for high-performance electrical machine

drives.

The future of power electronics for high-performance electrical machine drives is bright.
These technologies have the potential to revolutionize a wide range of industries and make a

significant impact on the world.
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