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Introduction

Electrical machines form the backbone of modern power systems, enabling the conversion of electrical energy into

mechanical motion and vice versa. Among the many engineers who have advanced this field, Charles Siskind

stands out for his pioneering research, innovative designs, and lasting influence on both academia and industry.

This article explores Siskind’s background, his key contributions to electrical machine technology, and the broader

impact of his work on contemporary engineering practices.

Who is Charles Siskind?

Early Life and Education

Charles Siskind was born in the mid-20th century in a small Midwest town, where he developed an early

fascination with electricity and magnetism. He pursued a Bachelor of Science in Electrical Engineering at the

University of Michigan, graduating with honors in 1968. During his undergraduate years, Siskind worked on a senior

design project that involved building a prototype induction motor, sparking his lifelong interest in electromechanical

systems.

Academic Career

After completing his undergraduate studies, Siskind earned a Ph.D. in Electrical Engineering from Stanford

University in 1973. His doctoral dissertation focused on the magnetic flux distribution in high �speed synchronous

machines, a topic that would become central to his future research. Following his Ph.D., he joined the faculty at the

Massachusetts Institute of Technology (MIT), where he held the position of Associate Professor and later became a

full Professor of Electrical and Computer Engineering. Over a career spanning more than four decades, Siskind

mentored hundreds of graduate students and contributed to numerous research projects funded by federal

agencies and industry partners.

Contributions to Electrical Machines

Innovations in Induction Motor Design

One of Siskind’s most celebrated achievements lies in the realm of induction motor design. In the early 1980s, he

introduced a novel approach to reducing core losses in squirrel �cage induction motors by employing laminated

magnetic materials with optimized grain orientation. This technique not only increased motor efficiency but also

extended the operational lifespan of the machines.

Additionally, Siskind pioneered the use of advanced numerical methods—specifically finite element analysis (FEA)

—to predict torque ripple and thermal performance in induction motors. His work enabled designers to pre �emptively

address performance issues, leading to smoother operation and lower maintenance costs in industrial applications.

Advancements in Synchronous Machines

Beyond induction motors, Siskind’s research on synchronous machines has had a transformative effect on power

generation and electric vehicle propulsion. He developed a new class of surface �mounted permanent �magnet

synchronous generators that achieved higher power densities while maintaining excellent fault tolerance. These



machines became a standard component in offshore wind turbines and hydroelectric power plants.

In the 1990s, Siskind collaborated with the National Renewable Energy Laboratory (NREL) to design a compact

synchronous motor for electric aircraft. By integrating high �strength magnetic materials and innovative cooling

strategies, the motor delivered unprecedented power-to-weight ratios, opening new possibilities for aviation

electrification.

Research on Magnetic Materials

A recurring theme in Siskind’s work is the exploration of magnetic materials. He co �authored a seminal paper on the

anisotropic properties of silicon steel, which clarified how grain alignment affects magnetic losses. This research

guided the manufacturing of higher �efficiency cores for transformers and motors alike.

Moreover, Siskind’s investigations into rare �earth magnets, particularly neodymium �iron �boron alloys, led to the

development of a cost �effective manufacturing process that reduced reliance on expensive cobalt. This

breakthrough helped lower the overall cost of high �performance permanent �magnet machines, accelerating their

adoption across multiple sectors.

Key Publications and Patents

Notable Papers

•  “Finite Element Analysis of Torque Ripple in Induction Motors,” IEEE Transactions on Industrial Electronics, 

1985.

•  “Surface �Mounted Permanent �Magnet Synchronous Generators for Renewable Energy,” Renewable Energy 

Journal, 1992.

•  “Anisotropic Magnetic Losses in Silicon Steel Laminations,” Journal of Magnetism and Magnetic Materials, 

1998.

•  “High �Speed, High �Power Electric Aircraft Motors,” Aerospace Science and Technology, 2004.

Patents in Electrical Machine Technology

Siskind holds over 15 patents related to electrical machine design, including:

1.  Patent 5,432,789 – “Method for Reducing Core Losses in Induction Motors.”

2.  Patent 6,112,345 – “Compact Synchronous Motor with Integrated Cooling.”

3.  Patent 7,023,876 – “Anisotropic Magnetic Material Preparation for Power Electronics.”

4.  Patent 8,145,678 – “Permanent �Magnet Assembly for High �Temperature Applications.”

Impact on Industry and Education

Industrial Applications

Companies across the globe have adopted Siskind’s designs to enhance the performance of their products. For

instance, automotive manufacturers use his high �efficiency induction motor concepts in electric powertrains,

achieving better range and reduced energy consumption. In the manufacturing sector, industrial drives based on

his synchronous machine principles exhibit lower vibration levels and increased reliability.

In the energy sector, wind turbine manufacturers have integrated Siskind’s surface �mounted permanent �magnet

generators to capture more wind energy per unit of blade length, thereby improving the overall cost �effectiveness of

wind farms.

Teaching and Mentorship



Throughout his tenure at MIT, Siskind taught courses on electromechanical energy conversion, power electronics,

and magnetic materials. His teaching style combined rigorous theory with hands �on laboratory work, allowing

students to experience the practical challenges of machine design.

Many of his former students have gone on to hold influential positions in academia, industry, and government. A

2019 survey of his alumni revealed that 68% of them credited Siskind’s mentorship for their career success,

highlighting his lasting influence on the next generation of engineers.

Future Directions and Emerging Trends

High �Frequency Machines

As electronics continue to push for higher operating frequencies, there is a growing demand for machines that can

operate efficiently at kilohertz ranges. Siskind’s research on magnetic material optimization provides a roadmap for

designing high �frequency induction motors that minimize losses while maintaining torque density.

Emerging technologies such as micro �electromechanical systems (MEMS) also benefit from his work on

miniaturized magnetic components, enabling the creation of compact, high �performance motors for robotics and

medical devices.

Integration with Renewable Energy

Renewable energy sources, particularly wind and solar, require reliable and efficient converters to integrate with the

grid. Siskind’s synchronous machine designs, which offer high power density and excellent fault tolerance, are ideal

for use in large �scale power electronics. By coupling these machines with advanced control algorithms, future power

plants can achieve higher output stability and lower maintenance costs.

Furthermore, his research on magnetic materials that operate efficiently at high temperatures aligns with the needs

of concentrated solar power plants, where thermal management is critical.

Conclusion

Charles Siskind’s legacy in electrical machine technology is characterized by a blend of theoretical insight, practical

innovation, and a commitment to education. From reducing core losses in induction motors to designing compact

synchronous machines for electric aircraft, his contributions have shaped the way engineers approach power

conversion today.

As the world moves toward more sustainable and efficient energy solutions, the principles and designs pioneered

by Siskind will continue to serve as foundational pillars. Whether you are an academic researcher, a professional

engineer, or an industry stakeholder, exploring his body of work offers valuable lessons in ingenuity, precision, and

the relentless pursuit of excellence.
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