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Problem Statement - 
Electric vehicles depend heavily on rare-earth permanent magnets (NdFeB, Dy, Tb) for high-performance traction motors. 

These magnets enable unmatched torque density, compactness, and efficiency, making them the industry standard. 

However, this reliance creates a single-point dependency on a limited class of materials. There is a pressing need to 

investigate alternative motor technologies that can reduce or eliminate this dependence.

Challenges - Environmental Impact | Market Risks | Strategic Risks

Approach - 

• Key performance requirements for an EV motor.

• Scouted published inventions on rare-earth-free motor technologies, focusing on ferrite-based and magnet-free 

designs.

• Selected marketed EV motors as baseline benchmarks.

• Evaluated all designs on standardized metrics: torque, power, efficiency, thermal stability, mechanical strength.

• Differentiated technologies by fit: “High Fit” and “Medium Fit” based on closeness to baseline performance and 

practical applicability.
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SHORTLISTED SOLUTIONS

S. No. Technology Torque (Nm) Power (kW) Efficiency (%)

BASELINE 215 106 ~95

TESLA* 440 220 97

BYD* 310 150 <89

1 Switched Reluctance (SR) Motor 340 – 400 50 – 70 92.2 – 95.4

2 Ferrite PMSM — evaluated under driving cycles 270 80 92.8 – 94.1

3 Spoke-type PMSM with ferrite magnets — skewed rotor slots 270 80 95

4 Induction machine 235.6 37 91.76

5 PMASynRM with ferrite magnets – 37 96.8

• * Tesla and BYD serve as standards for the EV motors in the market as motors containing rare earth metals.

• Tata Nexon EV is used as the baseline as it is a top-selling EV with a PMSM using NdFeB magnets, making 

it ideal for assessing rare-earth dependence and comparing rare-earth-free motor alternatives.

Baseline / Benchmark Data High Fit Medium Fit

http://www.venkataramanatata.com/new-cars/tata-nexon-ev/specification.html
https://skill-lync.com/student-projects/final-project-design-of-an-electric-vehicle-47
https://skill-lync.com/student-projects/final-project-design-of-an-electric-vehicle-47
https://www.evspecifications.com/en/model/469a333
https://www.evspecifications.com/en/model/469a333
https://www.evspecifications.com/en/model/469a333
https://www.evspecifications.com/en/model/4ee03a5
https://www.evspecifications.com/en/model/4ee03a5
https://www.evspecifications.com/en/model/4ee03a5
https://www.byd.com/eu/technology/byd-e-platform-3
https://www.scribd.com/document/459315884/06884841
https://www.scribd.com/document/459315884/06884841
https://www.scribd.com/document/459315884/06884841
https://www.scribd.com/document/459315884/06884841
https://www.scribd.com/document/459315884/06884841
https://www.scribd.com/document/459315884/06884841
https://www.scribd.com/document/459315884/06884841
https://www.scribd.com/document/459315884/06884841
https://www.scribd.com/document/459315884/06884841
https://www.scribd.com/document/459315884/06884841
https://www.researchgate.net/publication/315469140_Rare-Earth-Free_Electric_Motor_Design_for_EV_Traction_Comparing_Overall_Vehicle_Efficiency_Considering_Driving_Cycle
https://www.researchgate.net/publication/315469140_Rare-Earth-Free_Electric_Motor_Design_for_EV_Traction_Comparing_Overall_Vehicle_Efficiency_Considering_Driving_Cycle
https://www.researchgate.net/publication/315469140_Rare-Earth-Free_Electric_Motor_Design_for_EV_Traction_Comparing_Overall_Vehicle_Efficiency_Considering_Driving_Cycle
https://www.researchgate.net/publication/315469140_Rare-Earth-Free_Electric_Motor_Design_for_EV_Traction_Comparing_Overall_Vehicle_Efficiency_Considering_Driving_Cycle
https://www.researchgate.net/publication/315469140_Rare-Earth-Free_Electric_Motor_Design_for_EV_Traction_Comparing_Overall_Vehicle_Efficiency_Considering_Driving_Cycle
https://www.researchgate.net/publication/315469140_Rare-Earth-Free_Electric_Motor_Design_for_EV_Traction_Comparing_Overall_Vehicle_Efficiency_Considering_Driving_Cycle
https://www.researchgate.net/publication/315469140_Rare-Earth-Free_Electric_Motor_Design_for_EV_Traction_Comparing_Overall_Vehicle_Efficiency_Considering_Driving_Cycle
https://www.researchgate.net/publication/315469140_Rare-Earth-Free_Electric_Motor_Design_for_EV_Traction_Comparing_Overall_Vehicle_Efficiency_Considering_Driving_Cycle
https://www.scribd.com/document/896332780/07222433-IEEEOnline
https://www.scribd.com/document/896332780/07222433-IEEEOnline
https://www.scribd.com/document/896332780/07222433-IEEEOnline
https://www.scribd.com/document/896332780/07222433-IEEEOnline
https://www.scribd.com/document/896332780/07222433-IEEEOnline
https://www.scribd.com/document/896332780/07222433-IEEEOnline
https://www.scribd.com/document/896332780/07222433-IEEEOnline
https://www.scribd.com/document/896332780/07222433-IEEEOnline
https://www.mdpi.com/2076-3417/13/14/8557
https://www.mdpi.com/2076-3417/13/14/8557
https://www.mdpi.com/2076-3417/13/14/8557
https://www.mdpi.com/2076-3417/13/14/8557
https://sci-hub.se/10.1109/TIE.2013.2289856
https://sci-hub.se/10.1109/TIE.2013.2289856
https://sci-hub.se/10.1109/TIE.2013.2289856
https://sci-hub.se/10.1109/TIE.2013.2289856
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1. Development of a Rare-Earth-Free Switched Reluctance (SR) Motor

Technology developed by - Department of Electrical and Electronic Engineering, Tokyo Institute of Technology, Tokyo

Technology Brief – A magnet-free design that produces torque through rotor alignment with energized stator 

poles. With only copper windings in the stator and a steel rotor, it is simple, robust, and immune to 

demagnetization.

Although SRMs usually face torque ripple and noise issues, but this tech introduces optimized geometry and 

control strategies to significantly improve performance.

Demonstrated rare-earth-free viability, achieving Prius-class output and efficiency through advanced magnetic 

design and material optimization, proving SR motors can rival NdFeB PMSMs in practical EV use.

Torque (Nm) 340-400

Efficiency (%) 92.2 – 95.4

Power (kW) 50-70

Demagnetization / Temperature Stability No Magnets

Mechanical Strength Robust, Low Noise

Torque Ripple / Clogging Improved > Conventional SRM

Developed Switched 

Reluctance motor

OVERVIEW OF SOLUTIONS (1/3)

https://www.scribd.com/document/459315884/06884841
https://www.scribd.com/document/459315884/06884841
https://www.scribd.com/document/459315884/06884841
https://www.scribd.com/document/459315884/06884841
https://www.scribd.com/document/459315884/06884841
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OVERVIEW OF SHORTLISTED SOLUTIONS (2/3)

Source Source

2. “Rare-Earth-Free Electric Motor Design for EV 

Traction Comparing Overall Vehicle Efficiency 

Considering Driving Cycle”

• Ferrite-based CFSM (Concentrated Flux Synchronous 

Machine) developed for EV traction.

• Cost Advantage: Reduces motor cost by eliminating high-priced 

rare-earth magnet materials.

• Outcome: Strong second-tier candidate, validated under driving 

cycle performance.

Torque 270 Nm

Efficiency ~92.8 %

Power 80 kW

Mechanical Strength
Robust under high current and low-

temperature conditions.

Torque Ripple / Clogging ~8.8 - 38.9%

3. “High Performance Low Cost Electric Motor for 

Electric Vehicles Using Ferrite Magnets”

• Ferrite spoke-type PMSM with skewed rotor slots for ripple 

reduction.

• Cost advantage: Uses cheap ferrite magnets, rotor support with 

stainless steel instead of exotic alloys.

• Outcome: Strong torque & efficiency, a most promising second-

tier candidate.

Torque 270 Nm

Efficiency ~95 %

Power 80 kW

Mechanical Strength Stable upto 15000 rpm

Torque Ripple / Clogging Reduced by 2-3%

https://www.researchgate.net/publication/315469140_Rare-Earth-Free_Electric_Motor_Design_for_EV_Traction_Comparing_Overall_Vehicle_Efficiency_Considering_Driving_Cycle
https://www.scribd.com/document/896332780/07222433-IEEEOnline
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OVERVIEW OF SHORTLISTED SOLUTIONS (3/3)

5. “Experimental Evaluation of a Rare-Earth-Free 

PMASynRM With Ferrite Magnets for Automotive 

Applications”

• Ferrite-based PMASynRM prototype, experimentally validated.

• Motor designed to prevent irreversible demagnetization and 

withstand mechanical stress up to 10,000 rpm.

• Outcome: High efficiency & stability; promising second-tier 

design, bridging lab and real-world.

Source Source

Torque N/A

Efficiency 96.8 %

Power 37 kW

Mechanical Strength Stable upto 10,000 rpm

Torque Ripple / Clogging Moderate

4. “Comprehensive Comparative Study on Permanent-

Magnet-Assisted Synchronous Reluctance Motors and 

Other Types of Motor”

• Standard asynchronous machine design with 48 stator slots 

and 44 rotor bars.

• Cost Advantage – Lower than permanent magnet induction 

motors.

• Outcome: Viable for low-mid power EVs.

Torque 235.6

Efficiency 91.76 %

Power 37 kW

Mechanical Strength 1500 rpm

Torque Ripple / Clogging 11.23% 

https://www.mdpi.com/2076-3417/13/14/8557
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HOURGLASS RESEARCH  – ENABLING INNOVATION-LED GROWTH FOR BUSINESSES

Hourglass is a research partner helping companies turn emerging trends into actionable growth strategies

ABOUT HOURGLASS

Who Are We?

BUSINESS SERVICE

What We Offer

CREDENTIALS

How We Create Value

• Founded in 2011

• 115 + globally reputed clients across five business 

lines

• 100+ strong full-time employees comprising Scientist, 

Engineers, Innovators, Business experts in India HQ

• ISO 270001 Certified

• Research Centers in US, India, UK

Core: Research Services:

▪ Market & Business 

Research

▪ Technology & Innovation 

Research

▪ Strategy & Decision 

Support

▪ Operations & 

Performance Research

▪ Specialized Research 

Support

▪ Sustainability & ESG 

Research

Accelerator Services:

• Primary Research

• Venture & Startup 

Support

• Open  Innovation

• Supplier Innovation

• Trial & Pilot Support

• GCC & CoE Setting up

• Expertise & Execution: Proven value contribution in 

Global & Zonal R&D Clients since 2011

• Long-Term Client Relationships: Demonstrated 

history of sustained client engagements, fostering 

trust and delivering consistent value.

• Strategic Alliances with Fortune 500 Companies: 

Collaborating with top-tier organizations to drive 

innovation and growth.

• Preferred Research Partner: Trusted by market 

leaders, innovators, and senior leadership for cutting-

edge insights and strategic research.
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HOW HOURGLASS RESEARCH CAN CREATE VALUE

Technology & 

Research 

Landscape

✓ Track emerging technologies

✓ Commercial launches

Supplier, 

Manufacturing 

& Value Chain 

Intelligence

✓ Supplier scouting for critical EV 

battery materials

✓ Benchmark manufacturing best 

practices

✓ Study global supply chain 

disruptions

✓ Automation & digital tools

Market

✓ Global and regional market sizes, CAGR

✓ Market drivers & challenges

✓ Emerging markets

Competitive 

Intelligence

✓ Monitor competitor launches and 

pipelines

✓ Threats and opportunities

✓ Differentiation moves, acquisitions, and 

partnerships

Regulatory & 

Compliance

✓ Regulatory intelligence 

through (IEA), UNECE

✓ Track evolving global 

regulatory guidelines

✓ Product compliance

ESG, 

Sustainability

✓ Evaluate ESG trends

✓ Low-carbon packaging

✓ Environmental compliance

✓ Green manufacturing

✓ IP intelligence including patent expiry 

forecasts
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Contact Us

U S  – S IL ICON  VALLE Y

Hourglass Research, LLC.

84 W Santa Clara Street, #700

San Jose, CA, US 95113

Phone: +1 404 480 3348

Email: gouraj@hourglassresearch.com

Hourglass Research Pvt. Ltd.

1154, 12th Main, Indiranagar,

Bangalore, Karnataka, India - 560038

Phone: +91 959 795 815

Email: Prashant.jha@hourglassresearch.com

I N D I A  - B A N G A L O R E

mailto:gouraj@hourglassresearch.com
mailto:gouraj@hourglassresearch.com
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DISCLAIMER

This document reflects our perspective on the topic and is shared for general information and discussion purposes. The 

views expressed are based on our understanding at the time of preparation and are not intended to serve as formal 

advice, a detailed implementation roadmap, or a commercial proposal.

For further discussion or a more detailed, tailored assessment, please feel free to contact 

prashant.jha@hourglassresearch.com or naveen.shakya@hourglassresearch.com.

mailto:prashant.jha@hourglassresearch.com
mailto:naveen.shakya@hourglassresearch.com
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