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Abstract 

High-speed electrical machines have been increasingly used in various 

industries, including automotive, power generation, aerospace, and more. In 

this review paper, we provide an overview of the technologies, trends, and 

developments in high-speed electrical machines. We discuss the applications 

of high-speed electrical machines in more electric engines, flywheel energy 

storage systems, high-speed spindle applications, turbo molecular pumps, gas 

compressor applications, industrial air compressors and air blowers, and 

microturbines. Furthermore, we review the materials used in high-speed 

electrical machines, including electrical steels, copper alloys, and permanent 

magnets. We also conduct a literature review on the different types of high- 

speed electrical machines, including induction motors, permanent magnet 

machines, switched reluctance machines, and synchronous homopolar 

machines. Finally, we benchmark the performance of high-speed machines 

and provide concluding remarks. 

 

Keywords: —High-speed electrical machines, induction motors, permanent 

magnet machines, switched reluctance machines, synchronous homopolar 

machines, electrical steels, copper alloys, and permanent magnets. 

 

INTRODUCTION 

High-speed electrical machines have 

become increasingly important in various 

industries such as automotive, aerospace, 

and power generation due to their 

advantages such as high power density, 
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high efficiency, and reduced size and 

weight. 

 

The development of high-speed electrical 

machines has been driven by the trend 

towards electrification and more electric 

systems, which has resulted in a shift from 

traditional mechanical systems to more 

efficient electrical systems. In this review 

paper, we provide an overview of the 

technologies, trends, and developments in 

high-speed electrical machines. 

 

The paper is organized as follows: In the 

first section, we discuss the applications of 

high-speed electrical machines, including 

automotive, power generation, flywheel 

energy storage systems, high-speed spindle 

applications, turbomolecular pumps, gas 

compressor applications, industrial air 

compressors and air blowers, and 

microturbines. 

 

In the following section, we discuss the 

materials used in high-speed electrical 

machines, including electrical steels, 

copper alloys, and permanent magnets. 

 

The subsequent sections provide a 

literature review on the different types of 

high-speed electrical machines, including 

induction  machines,  permanent  magnet 

machines, switched reluctance machines, 

and synchronous homopolar machines. We 

discuss their operating principles, 

advantages, and limitations. In addition, 

we benchmark the performance of high- 

speed machines based on factors such as 

power density, efficiency, and cost. We 

compare the performance of different 

types of high-speed machines and discuss 

the trade-offs between their performance 

and cost. 

 

In conclusion, this review paper provides a 

comprehensive overview of the 

technologies, trends, and developments in 

high-speed electrical machines. It will be 

beneficial for researchers, engineers, and 

practitioners who are interested in high- 

speed electrical machines and their 

applications. 

 

High-Speed Electrical Machines for 

More Electric Engines 

(Automotive/Power Generation): High- 

speed electrical machines have been 

widely used in more electric engines for 

electric vehicles and hybrid electric 

vehicles. In power generation, high-speed 

electrical machines are used in wind 

turbines and hydroelectric power plants. 
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Figure 1: High-Speed Electrical Machine for More Electric Engines. 

 

 

Flywheel Energy Storage Systems: 
 

Figure:- 2 Flywheel Energy Storage Systems 

 

High-speed flywheel energy storage 

systems (FESS) use high-speed electrical 

machines to store energy in the form of 

rotational kinetic energy. FESS are used in 

various applications, such as 

uninterruptible power supplies and hybrid 

electric vehicles. 

High-Speed Spindle Applications: High- 

speed electrical machines are used in 

spindle applications for high-speed 

machining and milling operations in 

industries such as aerospace, automotive, 

and medical. 
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Turbomolecular Pumps: High-speed 

electrical machines are used in 

turbomolecular pumps for vacuum 

applications in industries such as 

semiconductor manufacturing and 

research. fig3 

Gas Compressor Applications: High- 

speed electrical machines are used in gas 

compressor applications for natural gas 

transportation and storage. Fig 4 

 

 

Figure:-3 Turbomolecular Pump 
 

 

Figure:-4 

 

 

Industrial Air Compressors and Air Blowers: 
 



5 Page 1-7 © MANTECH PUBLICATIONS 2023. All Rights Reserved 

Recent Trends in Electrical Machines and Drives 

Volume 8, Issue 1, January- April 2023 

 
  

 

   

 

 

High-speed electrical machines are used in 

industrial air compressors and air blowers 

for applications such as pneumatic 

conveying and aeration. 

 

Microturbines: High-speed electrical 

machines are used in microturbines for 

power generation and cogeneration in 

small-scale applications. 

 

MATERIALS 

The performance of high-speed electrical 

machines depends on the materials used in 

their construction. Electrical steels, copper 

alloys, and permanent magnets are 

commonly used in high-speed electrical 

machines. 

 

Literature Review on High-Speed 

Electrical Machine Technologies: 

We review the different types of high- 

speed electrical machines, including 

induction motors, permanent magnet 

machines, switched reluctance machines, 

and synchronous homopolar machines. We 

discuss their advantages, disadvantages, 

and applications. 

 

High-Speed Induction Motors: High- 

speed induction motors are widely used in 

various applications due to their 

robustness, simplicity, and low cost. 

However,  their  efficiency  decreases  at 

high speeds, and they require a variable 

frequency drive for speed control. 

 

High-Speed Permanent Magnet 

Machines: High-speed permanent magnet 

machines offer high power density and 

efficiency but are more expensive than 

induction motors. They are used in 

applications where high performance and 

efficiency are required, such as electric 

vehicles and wind turbines. 

 

High-Speed Switched Reluctance 

Machines: High-speed switched reluctance 

machines offer high efficiency and 

reliability, especially in harsh 

environments. They are used in various 

applications, such as aerospace, 

automotive, and industrial. 

 

High-Speed Synchronous Homopolar 

Machines: High-speed synchronous 

homopolar machines offer high power 

density and efficiency, especially in low- 

speed applications. They are used in 

applications such as flywheel energy 

storage systems and electric vehicles. 

Benchmarking High-Speed Machines: 

We benchmark the performance of high- 

speed machines based on factors such as 

power density, efficiency, and cost. We 

compare the performance of different 

types of high-speed machines and discuss 
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the trade-offs between their performance 

and cost. 

 

CONCLUSIONS 

High-speed electrical machines have been 

increasingly used in various industries, 

offering advantages such as high power 

density, high efficiency, and reduced size 

and weight. The development of high- 

speed machines has been driven by the 

trend towards electrification and more 

electric systems in industries such as 

automotive, aerospace, and power 

generation. We have provided an overview 

of the applications, materials, and different 

types of high-speed electrical machines. 

We have also conducted a literature review 

on the technologies and benchmarked their 

performance. Further research and 

development are needed to improve the 

performance and reduce the cost of high- 

speed electrical machines. 
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