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Abstract—High-speed induction machines (HSIMs) and their
associated converters have seen significant advancements over
the past decade, driven by the increasing demand for high-
efficiency solutions in industrial and compressor applications.
This paper provides a comprehensive review of these advance-
ments. By consolidating the findings from numerous studies, the
full overview aims to identify critical challenges, research gaps,
and opportunities for future development. The findings aim to
guide researchers and practitioners in addressing the evolving
requirements of high-power density and high-speed applications.

Index Terms—high-speed induction machine, converters, elec-
trical drives, high-speed applications, HS-index

I. INTRODUCTION

High-speed induction machines (HSIMs) have been de-
veloped along with the corresponding converters and drive
systems for high-power applications for several decades. The
continuous development of various technologies has enabled
progressive improvement in the fields of electrical machines,
the control systems of power converters and the drives as a
whole. There has been a growing need for high-speed appli-
cations such as compressors, gas turbines, aerospace, traction,
and industries, to name a few. The HSIM has remained an
attractive option for researchers in such applications due to its
robust rotor structural integrity and well-established manufac-
turing processes, which ensure the production of high-quality
series products. However, its design is not straightforward, as
achieving the desired machine performance demands a mul-
tidisciplinary approach [1]. This becomes even more critical
when considering high-speed machines for large-scale high-
temperature heat pumps using hydrocarbons as the process
fluid, as the impact of the process fluid on the insulation struc-
ture of the electrical machine must be assessed on a case-by-
case basis [2]. Using different converter types with the HSIMs

provides flexibility depending on the machine application [3].
The development of HSIMs involves distinctive challenges like
converter and machine losses, high-frequency harmonics, and
complex control requirements. Over the last decade, there has
been a rise in research aimed at addressing these challenges.
Advancements in material science, cooling technologies, and
electromagnetic design have improved the efficiency, reliabil-
ity, and performance of HSIMs. Additionally, the evolution of
power electronics has led to the development of high-efficiency
converter technologies [4]. This has enabled converters to
operate at higher frequencies and output powers, making
them ideal for HSIM applications. Despite this progress, an
overview of these developments over the past 10 years is
noticeably absent in the existing literature.

Several review papers have been published in the past. A
detailed and comprehensive review of multiphase variable-
speed induction motor drives is presented in [5]. Different
high-speed electrical machines with power ratings ranging
from low to high focusing on various applications are reviewed
in [6], [7]. High-speed machines and drives developed by the
industry market are discussed and the main design challenges
are highlighted in [8]. In [9], the state of the art emerging
electrical machines with a focus on design are presented, and
their limitations with progress in coreless motor drive systems
are compared in detail. A recent overview of electric drive
technology trends and progress that relates to electric vehicle
applications compared different topologies of converters and
machine designs is given in [10]. Performance targets like
power density to be achieved by the technology in the future
are also touched upon in the review.

Solid rotor IMs are an increasingly popular options for high-
speed applications due to the high structural integrity of the
rotor [11], [12]. Whereas, the absence of the rotor slots in solid



rotors also results in higher eddy currents, especially at higher
frequencies, as well as lower efficiency at lower loads [13]. An
in-depth overview of solid rotors for HSIMs based on design
topologies and materials is presented in [14]. The cage rotor
design provides better torque performance and lower magnetic
saturation compared to solid rotors, but it comes with the risks
of deformation of the rotor bars and end rings at high speeds
as well as noise issues [15]–[18]. The design considerations
also have to be reevaluated due to the mechanical limitations
caused by high speed. This results in complex construction and
increased costs for cage rotors [19]. The canned rotor topology
is preferred in nuclear, chemical, and medical industries due
to the machine being enclosed in a thin, non-electromagnetic
cylindrical shell that is made of corrosion resistant alloy. This
property makes it ideal for harsh environment applications,
and the use of nonmagnetic materials helps in minimizing
the eddy current losses. Consequently, these types of motors
have limitations in power ratings compared to other high-speed
applications [20], [21]. An initial comparison of different rotor
types of HSIMs using the finite element method (FEM) is
presented in [22].

The lack of comprehensive review articles in the domain
of converter fed HSIMs for industrial applications creates a
significant gap, making it difficult for researchers to access
a consolidated summary of recent advancements. The current
literature often focuses on specific aspects, such as machine
design or control strategies, without addressing the broader
integration of HSIMs and their converters [16], [23], [24].
Consequently, there is a need for an overview paper that
systematically highlights the key trends, innovations, and
future directions in this field. This paper aims to fill this
gap by providing a detailed overview of the advancements
in HSIMs and converters over the last decade. The focus
is on recent innovations in the design of HSIMs to im-
prove efficiency and minimize losses, as well as progress in
respective converter technologies and control strategies for
industrial applications. Additionally, existing challenges and
research gaps are identified alongside emerging trends in the
research area. The scope of this overview focuses on the trends
seen in HSIMs technology and power electronic converters
mainly in the last decade of research that has been carried out
specifically in the field of HSIMs for high-power industrial
and compressor applications. Some articles focusing on other
applications like EV/traction and aerospace have also been in-
cluded for reference and comparison. The selection criteria for
research articles and sources for inclusion in the overview were
studies focusing on HSIM design and performance, research
addressing converter technologies for high-speed applications,
papers linked to industrial and compressor applications, and
articles focusing on experimental validation, prototypes, or
simulation studies. The exclusion criteria for research articles
in the literature were studies focusing on low-speed general
purpose induction machines. Older articles unless foundational
were also excluded from the study. The paper is organized
as follows, Section II discusses recent advancements in high-
power HSIMs, while Section III describes developments in

converter technologies for HSIMs in industrial applications.

II. HIGH SPEED INDUCTION MACHINES IN RECENT
LITERATURE

HSIMs have been playing an increasingly important role
in high-power industrial applications due to their simplified
and inexpensive construction, robust structure, and constant
voltage operation over a reasonably broad speed range. There
are a lot of options available in HSIMs for different kinds
of power ratings with respect to speeds, as shown in Fig. 1.
The majority of the high-power HSIMs that are developed
for compressor and industrial applications have been focusing
on the range of 1–10 MW with a speed range of 10–30
krpm [1], [25]–[32]. An equivalent high-speed PM machine
for compressor application is proposed in [33]. In the higher
power rating range of 10-20 MW, the speed range has more of
a variation compared to their upper and lower limits. This is
the most optimal range for machines with oil and gas pipeline
applications [34]–[37]. The HSIMs that have power ratings
greater than 20 MW are limited in speed of up to 5000 rpm
[28], [38], [39]. There is a lot of variation in the speeds of
HSIMs when the power rating is below 20 kW. The variation
in speed is 1.4-120 krpm. [21], [40]–[45].

Fig. 2 illustrates the different industrial applications that are
available in the recent literature. Compressor applications have
the requirement of machines with power ratings above 1 MW.
There has also been a vast interest in EV/traction applications
for HSIMs, but the required rated power is below that of
compressor related applications. The HSIMs with versatile
performances at speeds ranging from 3-50 krpm and power
10-200 kW are most suitable for EV/traction applications [15],
[16], [18], [31], [46]–[53]. Other applications such as spindle
and locomotive technologies have also taken advantage of
the HSIM development recently [17], [54], [55]. In aerospace
applications, there has been some interest in using machines
containing permanent magnet synchronous machines (PMSM).
These machines provide additional performance advantages
over induction motors at higher speeds, but with much added
complexity to the construction of the machine. At speeds
greater than 60 krpm, the PMSM provides better performance
if the required power rating remains limited to less than 100
kW [56]–[58]. PMSMs also face challenges, such as the risk
of demagnetization due to high operating temperatures and
potential faults, such as two or three-phase short circuits.
Furthermore, the cost rises exponentially as the power rating
increases. There is also additional complexity to the control
of the machine as well. The 1.5 MW HSIM with speeds up
to 6.5 krpm proposed in [20] with the canned rotor design is
suitable for medical/chemical applications.

The high speed index (HS-index) of the different HSIMs
is illustrated in Fig. 3 when compared to the speed of the
machines. The HS-index is the product of a machine’s rated
speed, N and the rated power, Pout as shown in (1). The HS-
index with respect to speed can be compartmentalized into
three regions, machines with speeds up to 10 krpm, machines
that have speeds up to 100 krpm, and machines with speeds



Fig. 1. A Power vs speed graph of HSIM in recent literature

Fig. 2. Different applications of HSIMs

more than 100 krpm. The majority of the HSIMs with a focus
on compressor applications are in the region of speeds between
10-100 krpm. The limitation of power of HSIMs can be seen
when reaching higher speeds. In speeds higher than 10 krpm,
the HSIMs start to show better power density in compressor
applications when compared to EV/traction applications until
the speed of 20 krpm is achieved. The highest HS-index as a
function of speed in the HSIMs is achieved at the speed of 20
krpm with machines for compressor applications.

HS − index = Pout ×N (1)

The HS-index compared to the rated power of the machines
is shown in Fig. 4. The different regions that can be distin-
guished are the machines that have a power of up to 20 kW,
machines with power up to 500 kW, and machines with power
more than 1 MW to 100 MW. There are HSIMs with various
applications with power upto 20 kW including spindle and
pump applications. Power in the region of more than 20 kW
and less than 500 kW, the machines with EV applications
can be seen. In the region with power greater than 1 MW,
the HSIMs for compressor and industrial applications are the
majority. This is due to the high power density requirement
of the HSIM application.

III. CONVERTERS FOR HSIMS

Due to the increasing demand from HSIMs in industrial
and compressor technologies, converters and drives that supply

Fig. 3. HS-index vs speed

Fig. 4. HS-index vs power

power to machines and control the speeds have also been
developed recently, with improvements seen in different as-
pects ranging from control schemes to the performance and
efficiency of converters. The different types of converters
and drives developed in the previous decade with various
parameters are described in Table I. Some earlier articles
are also included as a reference. The converter technologies
with a focus on the testing, whether experimental or simu-
lated, were prioritized as they provide insights into real-world
applicability. There has been a clear improvement recently
in the voltage rating of converters, which now reaches up
to 13.8 kV for driving HSIMs, providing more freedom in
winding design. Voltage source converter (VSC) technology
has been the dominant choice in high-speed and high-power
machine applications, as it is one of the best options for high-
power density motors. A variable-speed induction machine
cannot be controlled by a load commuted inverter (LCI)
because the power factor is always lagging under fixed load
and speed conditions. This trend can be seen in Table I, as
most recently developed converters for HSIMs in the literature
use VSC technologies. Pulse width modulation (PWM) has
remained the most widely used control scheme across the
recent research in motor drive systems, as the traditional field
oriented controlled (FOC) scheme can not keep up with the
control application requirements.

The versatility, simplicity, and precision of control maintain
the appeal of PWM technology in this literature. LC filters are
suitable for converters that use PWM as their control scheme



TABLE I
CONVERTER SPECIFICATIONS AND PERFORMANCES WITH HSIM TESTING.

Ref Year Converter f-sw Voltage Machine Converter Filter Simulation Experimental Speed Frequency Control Drive
Power[kVA] [Hz] [V] Supply Type Type Type Test Test [kW] [rpm] [Hz] type type

[28] 2024 3600 - 9900 Filtered NPP-VSC LC Filter - 3600 13700 228.3 PWM VSD
[28] 2024 20000 - 3600 Filtered NPC-VSC LC Filter - 20000 3600 60 PWM VSD
[28] 2024 15000 - 5000 Filtered NPP-VSC LC Filter - 5700 6400 106.67 PWM VSD
[32] 2022 8000 6900 - Direct NPC-H-Bridge No - 6300 8000 133.5 PD-SPWM -
[23] 2022 - 350 - Direct VSC C Filter 850 3.7 1500 50 PWM -
[24] 2021 372 5040 2300 Direct VSC No 372 No - - PWM -
[59] 2021 12.5 900 - Direct VSC No 37.5 7.5 - 50 LSPWM IMD
[60] 2020 90 4000 600 Direct VSC No Yes 75,L - - PWM VSD
[60] 2020 90 3000 600 Direct VSC No Yes 75,L - - PWM VSD
[60] 2020 90 2660 600 Direct VSC No Yes 75,L - - PWM VSD
[61] 2020 4 10000 311 Filtered QZS-IMC LC Filter 4 4,NL 1430 50 PWM IMD
[62] 2020 500 - 380 Direct MP H-Bridge No Yes No - - DPWM VSD
[41] 2020 10 4000 398 Direct VSC No Yes 10 6000 200 DFVC IMD
[37] 2020 - - - - - - - 18000,L 8400 140.4 - -
[26] 2019 18000 - 6000 Filtered VSC LC Filter - 6898 13210 220.16 PWM VSD
[26] 2019 4000 - 3400 Filtered VSC LC Filter - 1732 13488 224.8 PWM VSD
[26] 2019 9000 - 3700 Filtered VSC LC Filter - 3598 13735 228.9 PWM VSD
[26] 2019 - - - - - - - 7150 14580 243 PWM VSD
[9] 2018 - - - - - - 18 No 6000 100 - -

[39] 2018 - - 13800 Direct VSC - - 80000 4000 66.66 - ASD
[39] 2018 - - 13800 Direct VSC - - 40000 4600 76.66 - ASD
[54] 2018 - - - Filtered - RL Filter - 1 40000 667 PWM VSD
[63] 2017 - - - Direct MMC RC Filter - 7.5 1460 - IM FOC VSD
[64] 2016 20000 - 6000 Direct VSC C Filter - 15000 1800 60 PWM VSD
[42] 2015 10 10000 600 Direct MP-VSC No Yes 10,NL 6000 200 PWM MPD
[34] 2013 - - - - - - - 12000 7000 116.8 - -
[65] 2013 20000 2500 - Direct NPC-H-Bridge C Filter - No - - SVPWM -
[43] 2011 10 20000 480 Direct NPC-CI No 11.2 2.2,NL 18000 60 SPWM -
[35] 2011 - 4000 - Direct - C Filter - 13000 3000 100 - VSD
[66] 2005 - 3000 230 Filtered LCI,Buck,VSC LC Filter 372 0.75,NL 3600 60 PWM IMD
[67] 2005 - 12000 650 Direct 2L-VSC No 24 No 48000 - - -
[67] 2005 - 20000 650 Direct 2L-VSC No 24 No 48000 - - -
[67] 2005 - 12000 650 Direct 3L-NPC-VSC No 24 No 48000 - - -
[27] 1994 2300 - 1780 Filtered LCI C Filter Yes 2300 15600 260 PHSC VSD

due to lower torque ripple, noise, as well as better system
stability.

As neutral point clamped (NPC) VSCs are widely used
in industry, neutral point piloted (NPP) VSCs are offering
better DC link voltages and better suitability for high-power
applications [28]. The variable speed drives (VSD) are the
dominant electrical drives types in the recent literature due to
their ideal compatibility with HSIMs. The advantages of VSC
technology for applications ranging up to 100 MW and 13.8
kV over the typical LCI technology, which is considered a
standard, are described in [68]. A detailed comparative study
of a five level NPC converter with linear and non linear current
control is presented in [69].

IV. CONCLUSION

A comprehensive overview of the recent developments and
trends in HSIMs and their associated converters, mainly fo-
cusing on industrial and compressor applications, is presented
in this paper. The developments in different rotor types and
their testing methods have expanded the scope of HSIMs
to a variety of applications. The HS-index, a key aspect
investigated in this study, evaluates the HSIM performance
based on the rated power and mechanical speed. The HSIM
designed for the compressor application exhibits the highest
HS-index at 20 krpm. As the speed increases further, the
mechanical limitations impact the HSIM performance. This
highlights a key challenge in developing ultra high-speed
HSIMs with the ability to maintain the same level of HS-

index values. The HS-index as a function of power clearly
demonstrates the advantages of HSIMs for compressor and
industrial applications rated above 1 MW and up to 100
MW. Advancements in control schemes for VSC converter
technologies using PWM, along with increased voltage levels,
have further improved efficiency and reliability in high-power
density applications. The comparison between the materials
used for the machine design as a function of speed for different
HSIMs is a future consideration.

REFERENCES

[1] E. Kurvinen, C. Di, I. Petrov, J. Nerg, O. Liukkonen, R. P. Jastrzebski,
D. Kepsu, P. Jaatinen, L. Aarniovuori, E. Sikanen, J. Pyrhonen, J. Sopa-
nen, O. Pyrhonen, M. Niemela, and T. Kangasmaki, “Design and manu-
facturing of a modular low-voltage multimegawatt high-speed solid-rotor
induction motor,” IEEE Transactions on Industry Applications, vol. 57,
DOI 10.1109/TIA.2021.3084137, 2021.

[2] A. Uusitalo, A. Jaatinen-Värri, T. Turunen-Saaresti, J. Honkatukia,
and J. Tiainen, “Centrifugal compressor design and cycle
analysis of large-scale high temperature heat pumps using
hydrocarbons,” Applied Thermal Engineering, vol. 247, DOI
10.1016/J.APPLTHERMALENG.2024.123035, p. 123035, 6 2024.

[3] F. DeWinter, V. Vijapurapu, A. Smith, and J. Waggel, “Evolution of very-
high-power (¿15-mw) medium-voltage drives: Recent advances,” IEEE
Industry Applications Magazine, DOI 10.1109/MIAS.2024.3387174,
2024.

[4] M. P. Kazmierkowski, L. G. Franquelo, J. Rodriguez, M. A. Perez, and
J. I. Leon, “High-performance motor drives,” pp. 6–26, 9 2011.

[5] E. Levi, R. Bojoi, F. Profumo, H. A. Toliyat, and S. Williamson,
“Multiphase induction motor drives - a technology status review,” IET
Electric Power Applications, vol. 1, DOI 10.1049/iet-epa:20060342, pp.
489–516, 2007.

http://dx.doi.org/10.1109/TIA.2021.3084137
http://dx.doi.org/10.1016/J.APPLTHERMALENG.2024.123035
http://dx.doi.org/10.1016/J.APPLTHERMALENG.2024.123035
http://dx.doi.org/10.1109/MIAS.2024.3387174
http://dx.doi.org/10.1049/iet-epa:20060342


[6] R. R. Moghaddam, “High speed operation of electrical machines,
a review on technology, benefits and challenges,” in 2014 IEEE
Energy Conversion Congress and Exposition, ECCE 2014, DOI
10.1109/ECCE.2014.6954160, 2014.

[7] D. Gerada, A. Mebarki, N. L. Brown, C. Gerada, A. Cavagnino, and
A. Boglietti, “High-speed electrical machines: Technologies, trends, and
developments,” IEEE Transactions on Industrial Electronics, vol. 61,
DOI 10.1109/TIE.2013.2286777, pp. 2946–2959, 2014.

[8] R. Abebe, M. D. Nardo, D. Gerada, G. L. Calzo, L. Papini, and
C. Gerada, “High speed drives review: Machines, converters and ap-
plications,” in IECON Proceedings (Industrial Electronics Conference),
DOI 10.1109/IECON.2016.7793721, 2016.

[9] B. Liu, R. Badcock, H. Shu, L. Tan, and J. Fang, “Electromagnetic
characteristic analysis and optimization design of a novel hts coreless in-
duction motor for high-speed operation,” IEEE Transactions on Applied
Superconductivity, vol. 28, DOI 10.1109/TASC.2018.2793666, 2018.

[10] I. Husain, B. Ozpineci, M. S. Islam, E. Gurpinar, G. J. Su, W. Yu,
S. Chowdhury, L. Xue, D. Rahman, and R. Sahu, “Electric drive tech-
nology trends, challenges, and opportunities for future electric vehicles,”
Proc. IEEE, vol. 109, DOI 10.1109/JPROC.2020.3046112, 2021.

[11] F. Ortiz, J. Nerg, A. Gronman, M. Degano, P. Lindh, T. Toleukaiyr,
J. Tapia, and J. Pyrhonen, “Analysing the performance of a high-
speed solid rotor induction machine with copper coating,” in 2024
International Conference on Electrical Machines, ICEM 2024, DOI
10.1109/ICEM60801.2024.10700235, 2024.

[12] L. Papini, C. Gerada, D. Gerada, and A. Mebarki, “High speed solid
rotor induction machine: Analysis and performances,” in 2014 17th
International Conference on Electrical Machines and Systems, ICEMS
2014, DOI 10.1109/ICEMS.2014.7013968, pp. 2759–2765. Institute of
Electrical and Electronics Engineers Inc., 2014.

[13] D. T. McGuiness, M. O. Gulbahce, and D. A. Kocabas, “Novel rotor
design for high-speed solid rotor induction machines,” in ELECO 2015
- 9th International Conference on Electrical and Electronics Engineer-
ing, DOI 10.1109/ELECO.2015.7394607, pp. 579–583. Institute of
Electrical and Electronics Engineers Inc., 1 2016.

[14] V. Bilek, J. Barta, M. Toman, P. Losak, and G. Bramerdorfer,
“A comprehensive overview of high-speed solid-rotor induction ma-
chines: Applications, classification, and multi-physics modeling,” Inter-
national Journal of Electrical Power Energy Systems, vol. 166, DOI
10.1016/J.IJEPES.2025.110520, p. 110520, 5 2025.

[15] M. Popescu, L. D. Leonardo, G. Fabri, G. Volpe, N. Riviere, and
M. Villani, “Design of induction motors with flat wires and copper
rotor for e-vehicles traction system,” IEEE Transactions on Industry
Applications, vol. 59, DOI 10.1109/TIA.2023.3256391, 2023.

[16] X. Yu, D. Chen, X. Wu, and M. Ai, “The influence of loss distribution
on the temperature field of high-speed induction motor,” IEEE Access,
vol. 12, DOI 10.1109/ACCESS.2024.3373544, 2024.

[17] F. Mahmouditabar and N. J. Baker, “Robust design of induction ma-
chines for high-speed electric freight locomotive applications,” IEEE
Access, vol. 12, DOI 10.1109/ACCESS.2024.3376508, pp. 38 786–
38 800, 2024.

[18] V. Avusula, S. S. Khamari, G. S. Rani, and R. K. Behera, “Design of 15
kw, 440 v three phase induction motor for electrical vehicle applications
with improved efficiency and wide speed range,” in Proceedings - 2nd
International Conference on Power Electronics and Energy, ICPEE
2023, DOI 10.1109/ICPEE54198.2023.10059829, 2023.

[19] J. Barta, N. Uzhegov, P. Losak, C. Ondrusek, M. MacH, and J. Pyrhonen,
“Squirrel-cage rotor design and manufacturing for high-speed appli-
cations,” IEEE Transactions on Industrial Electronics, vol. 66, DOI
10.1109/TIE.2018.2879285, pp. 6768–6778, 9 2019.

[20] L. Gao, S. Wang, and J. Li, “Research on end structure losses and
its suppression method of high-speed canned induction motor,” IEEE
Access, vol. 11, DOI 10.1109/ACCESS.2023.3277502, pp. 49 913–
49 923, 2023.

[21] M. Biasion, G. Carena, S. Vaschetto, A. Tenconi, and A. Cav-
agnino, “Design and analysis of high-speed induction machines
for submerged cryogenic pumps,” in 2023 IEEE International
Electric Machines and Drives Conference, IEMDC 2023, DOI
10.1109/IEMDC55163.2023.10238967. Institute of Electrical and
Electronics Engineers Inc., 2023.

[22] D. T. McGuiness, M. O. Gulbahce, and D. A. Kocabas, “A performance
comparison of different rotor types for high-speed induction motors,”
in ELECO 2015 - 9th International Conference on Electrical and
Electronics Engineering, DOI 10.1109/ELECO.2015.7394606, 2016.

[23] P. Kumari, A. K. Panda, S. Dutta, and A. Tripathi, “Triangular carrier
based synchronous pwm for operating high power im drives at odd
non-triplen pulse numbers,” in 10th IEEE International Conference on
Power Electronics, Drives and Energy Systems, PEDES 2022, DOI
10.1109/PEDES56012.2022.10080391, 2022.

[24] F. Beltran-Carbajal, R. Tapia-Olvera, A. Valderrabano-Gonzalez, and
I. Lopez-Garcia, “Adaptive neuronal induction motor control with an
84-pulse voltage source converter,” Asian Journal of Control, vol. 23,
DOI 10.1002/asjc.2322, pp. 1603–1616, 7 2021.

[25] H. Karmaker, P. Guedes-Pinto, E. Chen, J. Keck, E. Ledezma, and J. C.
Fox, “High speed mw-rated induction motor drive system,” in 2017 IEEE
International Electric Machines and Drives Conference, IEMDC 2017,
DOI 10.1109/IEMDC.2017.8002078, 2017.

[26] L. Durantay, T. Alban, S. Siala, and A. Billaud, “Selection and tests
of innovative variable-speed motor-compressor solutions for a 55-mw
full electric offshore platform maximizing availability and efficiency
with better environmental impact,” in IEEE Transactions on Industry
Applications, vol. 55, DOI 10.1109/TIA.2019.2929019, 2019.

[27] B. Odegard, C. A. Stulz, and P. K. Steimer, “Industrial application of
variable speed drive system for high speed in megawatt power range,” in
Conference Record - IAS Annual Meeting (IEEE Industry Applications
Society), vol. 1, DOI 10.1109/ias.1994.345464, 1994.

[28] L. Durantay, E. Thibaut, A. Kral, and M. Bouchakour, “Alternative tech-
nology trends and returns of experience of compression services driven
by variable high-speed induction motors systems,” IEEE Transactions on
Industry Applications, vol. 60, DOI 10.1109/TIA.2024.3362744, 2024.

[29] M. O. Gulbahce and D. A. Kocabas, “High-speed solid rotor induc-
tion motor design with improved efficiency and decreased harmonic
effect,” IET Electric Power Applications, vol. 12, DOI 10.1049/iet-
epa.2017.0675, 2018.

[30] J. Pyrhönen, J. Nerg, P. Kurronen, and U. Lauber, “High-speed
high-output solid-rotor induction-motor technology for gas compres-
sion,” IEEE Transactions on Industrial Electronics, vol. 57, DOI
10.1109/TIE.2009.2021595, pp. 272–280, 1 2010.

[31] B. Eberleh and T. Hartkopf, “A high speed induction machine
with two speed transmission as drive for electric vehicles,” in
International Symposium on Power Electronics, Electrical Drives,
Automation and Motion, 2006. SPEEDAM 2006, vol. 2006, DOI
10.1109/SPEEDAM.2006.1649779, 2006.

[32] Z. Lan, C. Wang, W. Duan, and Q. Yang, “Investigation on high power
five-level converter for driving high-speed induction motor,” in 2022 9th
International Forum on Electrical Engineering and Automation, IFEEA
2022, DOI 10.1109/IFEEA57288.2022.10038176, 2022.

[33] F. Zhang, G. Du, T. Wang, F. Wang, W. Cao, and J. L. Kirtley,
“Electromagnetic design and loss calculations of a 1.12-mw high-speed
permanent-magnet motor for compressor applications,” IEEE Transac-
tions on Energy Conversion, vol. 31, DOI 10.1109/TEC.2015.2488841,
2016.

[34] S. Singhal, H. Walter, and T. Tyer, “Concept, design and testing of a
12mw 9500 rpm induction motor with oil film bearings for pipeline
applications in north america,” in Record of Conference Papers - An-
nual Petroleum and Chemical Industry Conference, DOI 10.1109/PCI-
Con.2013.6666050, 2013.

[35] O. Drubel and J. Waschek, “Alternative stiff asynchronous motor
design for efficient pipeline operation,” in 1st International Electric
Drives Production Conference 2011, EDPC-2011 - Proceedings, DOI
10.1109/EDPC.2011.6085568, 2011.

[36] M. Ahrens, U. Bikle, R. Gottkehaskamp, and H. Prenner, “Electrical
design of high-speed induction motors of up to 15 mw and 20000 rpm,”
in IEE Conference Publication, DOI 10.1049/cp:20020147, 2002.

[37] S. Kurita, H. Saikusa, Y. Tsuboi, and K. Takeuchi, “Characteristics esti-
mation of large output converter-fed high-speed induction motor without
full load test,” in 23rd International Conference on Electrical Machines
and Systems, ICEMS 2020, DOI 10.23919/ICEMS50442.2020.9290822,
2020.

[38] L. Durantay, T. Clark, L. Roth, and C. Galmiche, “Alternative package of
tests to reduce capex and delivery time of large lng train using induction
machine fed by vsi drive technology up to 120mw,” in 2019 IEEE
Petroleum and Chemical Industry Committee Conference, PCIC 2019,
DOI 10.1109/PCIC30934.2019.9074500, 2019.

[39] L. Durantay, J. M. Taillardat, J. F. Pradurat, and N. Velly, “State-of-the-
art for full electric driven refrigeration compressors solutions using ad-
justable speed drive: Which combination of technology platforms leads
to the best capex and opex solution up to 100 mw?” in IEEE Transac-

http://dx.doi.org/10.1109/ECCE.2014.6954160
http://dx.doi.org/10.1109/ECCE.2014.6954160
http://dx.doi.org/10.1109/TIE.2013.2286777
http://dx.doi.org/10.1109/IECON.2016.7793721
http://dx.doi.org/10.1109/TASC.2018.2793666
http://dx.doi.org/10.1109/JPROC.2020.3046112
http://dx.doi.org/10.1109/ICEM60801.2024.10700235
http://dx.doi.org/10.1109/ICEM60801.2024.10700235
http://dx.doi.org/10.1109/ICEMS.2014.7013968
http://dx.doi.org/10.1109/ELECO.2015.7394607
http://dx.doi.org/10.1016/J.IJEPES.2025.110520
http://dx.doi.org/10.1016/J.IJEPES.2025.110520
http://dx.doi.org/10.1109/TIA.2023.3256391
http://dx.doi.org/10.1109/ACCESS.2024.3373544
http://dx.doi.org/10.1109/ACCESS.2024.3376508
http://dx.doi.org/10.1109/ICPEE54198.2023.10059829
http://dx.doi.org/10.1109/TIE.2018.2879285
http://dx.doi.org/10.1109/TIE.2018.2879285
http://dx.doi.org/10.1109/ACCESS.2023.3277502
http://dx.doi.org/10.1109/IEMDC55163.2023.10238967
http://dx.doi.org/10.1109/IEMDC55163.2023.10238967
http://dx.doi.org/10.1109/ELECO.2015.7394606
http://dx.doi.org/10.1109/PEDES56012.2022.10080391
http://dx.doi.org/10.1109/PEDES56012.2022.10080391
http://dx.doi.org/10.1002/asjc.2322
http://dx.doi.org/10.1109/IEMDC.2017.8002078
http://dx.doi.org/10.1109/TIA.2019.2929019
http://dx.doi.org/10.1109/ias.1994.345464
http://dx.doi.org/10.1109/TIA.2024.3362744
http://dx.doi.org/10.1049/iet-epa.2017.0675
http://dx.doi.org/10.1049/iet-epa.2017.0675
http://dx.doi.org/10.1109/TIE.2009.2021595
http://dx.doi.org/10.1109/TIE.2009.2021595
http://dx.doi.org/10.1109/SPEEDAM.2006.1649779
http://dx.doi.org/10.1109/SPEEDAM.2006.1649779
http://dx.doi.org/10.1109/IFEEA57288.2022.10038176
http://dx.doi.org/10.1109/TEC.2015.2488841
http://dx.doi.org/10.1109/PCICon.2013.6666050
http://dx.doi.org/10.1109/PCICon.2013.6666050
http://dx.doi.org/10.1109/EDPC.2011.6085568
http://dx.doi.org/10.1109/EDPC.2011.6085568
http://dx.doi.org/10.1049/cp:20020147
http://dx.doi.org/10.23919/ICEMS50442.2020.9290822
http://dx.doi.org/10.1109/PCIC30934.2019.9074500


tions on Industry Applications, vol. 54, DOI 10.1109/TIA.2018.2803759,
2018.

[40] Z. M. Zhao, S. Meng, C. C. Chan, and E. W. Lo, “A novel induction ma-
chine design suitable for inverter-driven variable speed systems,” IEEE
Transactions on Energy Conversion, vol. 15, DOI 10.1109/60.900502,
2000.

[41] S. Rubino, I. R. Bojoi, F. Mandrile, and E. Armando, “Modular
stator flux and torque control of multi-three-phase induction motor
drives,” IEEE Transactions on Industry Applications, vol. 56, DOI
10.1109/TIA.2020.3022338, pp. 6507–6525, 11 2020.

[42] F. Mariut, S. G. Rosu, B. Radu, and A. Tenconi, “Multiphase modular
power converter using the pebb concept and fpga-based direct high
speed voltage measurement,” in 2015 17th European Conference on
Power Electronics and Applications, EPE-ECCE Europe 2015, DOI
10.1109/EPE.2015.7309332, 2015.

[43] J. Ewanchuk, J. Salmon, and B. Vafakhah, “A five-/nine-level
twelve-switch neutral-point-clamped inverter for high-speed electric
drives,” IEEE Transactions on Industry Applications, vol. 47, DOI
10.1109/TIA.2011.2161857, 2011.

[44] V. Bilek, J. Barta, P. Losak, I. Lolova, M. Kroupa, and G. Bramerdorfer,
“Design of modular high-speed copper coated solid rotor induction
machine,” in 2022 International Conference on Electrical Machines,
ICEM 2022, DOI 10.1109/ICEM51905.2022.9910743, 2022.

[45] J. Barta, C. Ondrusek, P. Losak, and R. Vlach, “Design of high-speed
induction machine for the 6 kw, 120 000 rpm helium turbo-circulator,”
in Proceedings - 2016 22nd International Conference on Electrical
Machines, ICEM 2016, DOI 10.1109/ICELMACH.2016.7732730, 2016.

[46] J. Chen, Y. Fujii, M. W. Johnson, A. Farhan, and E. L. Severson,
“Optimal design of the bearingless induction motor,” IEEE Transactions
on Industry Applications, vol. 57, DOI 10.1109/TIA.2020.3044970, pp.
1375–1388, 3 2021.

[47] N. Zhao and N. Schofield, “An induction machine design with parameter
optimization for a 120-kw electric vehicle,” IEEE Transactions on
Transportation Electrification, vol. 6, DOI 10.1109/TTE.2020.2993456,
2020.

[48] J. Chen and E. L. Severson, “Optimal design of the bearing-
less induction motor for industrial applications,” in 2019 IEEE
Energy Conversion Congress and Exposition, ECCE 2019, DOI
10.1109/ECCE.2019.8912543, 2019.

[49] A. Mahmoudi, W. L. Soong, G. Pellegrino, and E. Armando, “Loss func-
tion modeling of efficiency maps of electrical machines,” IEEE Transac-
tions on Industry Applications, vol. 53, DOI 10.1109/TIA.2017.2695443,
pp. 4221–4231, 9 2017.

[50] N. Riviere, M. Villani, and M. Popescu, “Optimisation of a high speed
copper rotor induction motor for a traction application,” in IECON
Proceedings (Industrial Electronics Conference), vol. 2019-October,
DOI 10.1109/IECON.2019.8927627, 2019.

[51] L. D. Leonardo, M. Popescu, G. Fabri, and M. Tursini, “Performance
evaluation of an induction motor drive for traction application,” in
IECON Proceedings (Industrial Electronics Conference), vol. 2019-
October, DOI 10.1109/IECON.2019.8927006, 2019.

[52] T. Epskamp, B. Butz, and M. Doppelbauer, “Design and analysis of
a high-speed induction machine as electric vehicle traction drive,” in
2016 18th European Conference on Power Electronics and Applications,
EPE 2016 ECCE Europe, DOI 10.1109/EPE.2016.7695691. Institute
of Electrical and Electronics Engineers Inc., 10 2016.

[53] D. Butterweck, M. Hombitzer, and K. Hameyer, “Multiphysical design
methodology of a high-speed induction motor for a kinematic-electric
powertrain,” in 2017 IEEE International Electric Machines and Drives
Conference, IEMDC 2017, DOI 10.1109/IEMDC.2017.8002120, 2017.

[54] D. Sobczynski and J. Bartman, “High-speed three phase motor supplied
from a single to three phase converter,” in International Conference
on Perspective Technologies and Methods in MEMS Design, DOI
10.1109/MEMSTECH.2018.8365711, 2018.

[55] D. K. Hong, J. H. Choi, D. J. Kim, Y. D. Chun, B. C. Woo,
and D. H. Koo, “Development of a high speed induction motor
for spindle systems,” IEEE Transactions on Magnetics, vol. 49, DOI
10.1109/TMAG.2013.2241033, 2013.

[56] C. Zwyssig, M. Duerr, D. Hassler, and J. W. Kolar, “An ultra-high-speed,
500000 rpm, 1 kw electrical drive system,” in Fourth Power Conversion
Conference-NAGOYA, PCC-NAGOYA 2007 - Conference Proceedings,
DOI 10.1109/PCCON.2007.373174, 2007.

[57] F. Savi, D. Barater, M. D. Nardo, M. Degano, C. Gerada, P. Wheeler, and
G. Buticchi, “High-speed electric drives: A step towards system design,”

IEEE Open Journal of the Industrial Electronics Society, vol. 1, DOI
10.1109/OJIES.2020.2973883, 2020.

[58] F. R. Ismagilov, L. Papini, V. E. Vavilov, and D. V. Gusakov, “Design and
performance of a high-speed permanent magnet generator with amor-
phous alloy magnetic core for aerospace applications,” IEEE Transac-
tions on Industrial Electronics, vol. 67, DOI 10.1109/TIE.2019.2905806,
2020.

[59] R. Kumar, B. Singh, and P. Kant, “Variable speed induction motor drive
fed by 4-level inverter and 18-pulse converter,” in 2021 International
Conference on Nascent Technologies in Engineering, ICNET 2021 -
Proceedings, DOI 10.1109/ICNTE51185.2021.9487648, 2021.

[60] L. Aarniovuori, H. Karkkainen, M. Niemela, and J. Pyrhonen, “Pwm-
induced harmonic power in 75 kw im drive system,” in 2020 22nd
European Conference on Power Electronics and Applications, EPE 2020
ECCE Europe, DOI 10.23919/EPE20ECCEEurope43536.2020.9215889,
2020.

[61] M. Guo, Y. Liu, B. Ge, S. Liu, X. Li, F. J. Ferreira, and A. T. D.
Almeida, “Quasi- z source indirect matrix converter-fed induction motor
drive,” IET Electric Power Applications, vol. 14, DOI 10.1049/iet-
epa.2019.0618, pp. 797–808, 5 2020.

[62] B. Eskandari, J. Kyyra, and H. Abdoli, “Multiphase multipurpose high
power variable speed drive: Design and implementation,” in 2020
11th Power Electronics, Drive Systems, and Technologies Conference,
PEDSTC 2020, DOI 10.1109/PEDSTC49159.2020.9088361, 2020.

[63] S. Zhou, M. Guan, B. Li, S. Zhou, and D. Xu, “Control of the
hybrid modular multilevel converter in motor drive applications,” in
Conference Proceedings - IEEE Applied Power Electronics Conference
and Exposition - APEC, DOI 10.1109/APEC.2017.7930765, 2017.

[64] M. Verma, D. Parker, I. I. Grinbaum, and J. Nanney, “Converting to
electric motors and adjustable speed drives: A case study of a 20,000hp
gas turbine driven compressor,” in Record of Conference Papers - Annual
Petroleum and Chemical Industry Conference, vol. 2016-March, DOI
10.1109/PCICON.2015.7435109. Institute of Electrical and Electronics
Engineers Inc., 3 2016.

[65] Z. Lan, C. Li, Y. Li, G. Ge, C. Wang, W. Duan, and Q. Yang, “In-
vestigation on igct-based five-level npc/h-bridge high power converter,”
in 2013 International Conference on Electrical Machines and Systems,
ICEMS 2013, DOI 10.1109/ICEMS.2013.6713312, 2013.

[66] S. Kwak and H. A. Toliyat, “A hybrid converter system for high-
performance large induction motor drives,” IEEE Transactions on En-
ergy Conversion, vol. 20, DOI 10.1109/TEC.2005.847953, 2005.

[67] K. Jalili, D. Krug, S. Bernet, M. Malinowski, and B. J. C. Filho, “Design
and characteristics of a rotor flux controlled high speed induction motor
drive applying two-level and three-level npc voltage source converters,”
in PESC Record - IEEE Annual Power Electronics Specialists Confer-
ence, vol. 2005, DOI 10.1109/PESC.2005.1581878, 2005.

[68] D. Petersen, K. Wissner, and F. Dewinter, “Reduced rated adjustable-
speed drives starting for high-power applications: For new applications
as well as complete retrofits,” IEEE Industry Applications Magazine,
DOI 10.1109/MIAS.2024.3482880, 2024.

[69] D. F. Leal, M. M. Stopa, and A.-S. A. Luiz, “Space vector
phase disposition-pulse width modulation and multiband hysteresis
through digital implementation for a type-g converter: A compar-
ative study,” IEEE Industry Applications Magazine, vol. 30, DOI
10.1109/MIAS.2024.3387172, no. 6, pp. 43–55, 2024.

http://dx.doi.org/10.1109/TIA.2018.2803759
http://dx.doi.org/10.1109/60.900502
http://dx.doi.org/10.1109/TIA.2020.3022338
http://dx.doi.org/10.1109/TIA.2020.3022338
http://dx.doi.org/10.1109/EPE.2015.7309332
http://dx.doi.org/10.1109/EPE.2015.7309332
http://dx.doi.org/10.1109/TIA.2011.2161857
http://dx.doi.org/10.1109/TIA.2011.2161857
http://dx.doi.org/10.1109/ICEM51905.2022.9910743
http://dx.doi.org/10.1109/ICELMACH.2016.7732730
http://dx.doi.org/10.1109/TIA.2020.3044970
http://dx.doi.org/10.1109/TTE.2020.2993456
http://dx.doi.org/10.1109/ECCE.2019.8912543
http://dx.doi.org/10.1109/ECCE.2019.8912543
http://dx.doi.org/10.1109/TIA.2017.2695443
http://dx.doi.org/10.1109/IECON.2019.8927627
http://dx.doi.org/10.1109/IECON.2019.8927006
http://dx.doi.org/10.1109/EPE.2016.7695691
http://dx.doi.org/10.1109/IEMDC.2017.8002120
http://dx.doi.org/10.1109/MEMSTECH.2018.8365711
http://dx.doi.org/10.1109/MEMSTECH.2018.8365711
http://dx.doi.org/10.1109/TMAG.2013.2241033
http://dx.doi.org/10.1109/TMAG.2013.2241033
http://dx.doi.org/10.1109/PCCON.2007.373174
http://dx.doi.org/10.1109/OJIES.2020.2973883
http://dx.doi.org/10.1109/OJIES.2020.2973883
http://dx.doi.org/10.1109/TIE.2019.2905806
http://dx.doi.org/10.1109/ICNTE51185.2021.9487648
http://dx.doi.org/10.23919/EPE20ECCEEurope43536.2020.9215889
http://dx.doi.org/10.1049/iet-epa.2019.0618
http://dx.doi.org/10.1049/iet-epa.2019.0618
http://dx.doi.org/10.1109/PEDSTC49159.2020.9088361
http://dx.doi.org/10.1109/APEC.2017.7930765
http://dx.doi.org/10.1109/PCICON.2015.7435109
http://dx.doi.org/10.1109/PCICON.2015.7435109
http://dx.doi.org/10.1109/ICEMS.2013.6713312
http://dx.doi.org/10.1109/TEC.2005.847953
http://dx.doi.org/10.1109/PESC.2005.1581878
http://dx.doi.org/10.1109/MIAS.2024.3482880
http://dx.doi.org/10.1109/MIAS.2024.3387172
http://dx.doi.org/10.1109/MIAS.2024.3387172

