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Electrical Machines: New 
opportunities for manufacturing 
The art of manufacturing and new expectations 
New technologies and applications 
Trends and challenges 
New topologies become available.. 
..using the new manufacturing opportunities 



An art …… 



..with increasing expectations 
New and emerging applications. 
Market pressure: 

 Reduced cost. 
 Increased performance. 

More stringent environmental legislation. 
New materials, components and techniques. 
Increased intelligence. 
Intellectual curiosity. 



New Applications 
Transport  

•  Electric and hybrid aircraft. 
•  Predict 3 billion cars by 2045. 

Increased Automation  
•  Logistics, self driving cars, 

automated manufacture and 
drones. 

Energy Harvesting 
Healthcare and an ageing 
population 
Assisted living aids – smart 
homes 



No sign of a serious competitor to magnetic fields so 
advances are required in: 
• Magnetic materials 
•  Electrical conductivity 
•  Thermal management  
• Mechanical strength 
•  Electrical insulation 

Motors: future trends 



Drives & Control - Future Trends 
• Semiconductor technology 

•  Faster switching 
•  Lower loss 

• Much higher electrical frequencies 
• Much faster controllers 
•  Intelligence and connectivity 
• Big data 



Manufacturing – Future Trends 
•  Multiphysics modelling 
•  New complex geometries 
•  Better space usage 
•  Integration 

•  Advanced packaging 
•  Modularity 
•  Cooling, monitoring, protection 

•  Customisation and small batch 
•  Additive manufacturing 
•  Advances in techniques 



Four Challenges 
1.  Higher power density and efficiency 
2.  Integrated design and manufacture 
3.  Interconnectivity 
4.  Reliability 



1:  Higher power density and 
 efficiency 

•  Increased magnetic and electric loadings 
• Ultra high speed 
• Greater mechanical strength  
• Lower losses at high electrical frequency 
• Magnetic bearings 
• Very fast controllers. 



Challenges for 
Soft Magnetic 
Materials 

Increased saturation flux 
density  

•  (Cobalt iron without the 
cost)  

Reduced loss 
• Higher resistivity 
•  Thinner / more complex 

laminations 
•  Soft Magnetic 

Composites 
More predictable material 
performance 



Challenges for 
Hard Magnetic 
Materials 

Overcome problems of  
•  Volatile cost 
•  Scarcity of supply 
•  Environmental cost of 

mining 
•  Thermal limitations   

How can we replicate the 
power density of rare 
earth machines without 
using Rare Earth 
materials? 



Power = Force x Velocity 
Higher Velocity: 
•  More difficult rotor mechanical design. 

•  Higher losses induced by stray fields. 

•  Bearing and aerodynamic drag losses. 

•  Can offer higher overall efficiency. 

Higher Force: 
•  Larger current density. 

•  Requires better cooling. 

•  Requires more advanced materials. 

•  Higher conductivity. 



Targets: 
By 2035 Automotive Advanced Propulsion 
Centre seeks: 
• Power density to rise from 2.5kW/kg to 9kW/kg  
• Cost to fall from 10$/kW to 4.5$/kW 
Aerospace Industry is seeking 40kW/kg! 



2:  Integrated Design and 
 Manufacture 

• Multi-physics: closely coupled electrical, 
mechanical, thermal electronic and system 
design. 

• Very close packaging of passives, converter 
and machine. 

• Holistic design of complete system. 
• With design for recycling at the outset.  



3:  Interconnectivity 
• 5G connectivity of the system (automated 

traffic management).  
• Potential for major advancements in whole 

system behaviour 
• Digital twin and lifetime prediction 
•  Increased system reliability  



4:  Reliability 
Increased automation must be hand in hand with increased 
reliability. 

•  Are we happy to use drives of standard reliability to steer our 
future driverless cars?  

•  We need to increase reliability by at least one order of 
magnitude. 

Key enabling technologies  
§  Rapid advances in sensing, monitoring and self-learning / AI. 
§  Incorporate lifetime model and fault tolerance. 
§  Conditioning monitoring, diagnostics and prognostics.  
§  Accurate, advanced knowledge of failure modes and times. 



New Topologies 
• Greater torque density 
•  Alternative aspect 

ratios 
• Modularity 
• Reduced Rare Earth  
•  Embedded features 

and integration 



New Manufacturing 
•  Multiphysics modelling 
•  Bespoke and small batch 

production 
•  Complex 3D components 
•  New materials and methods 



Opportunities for the Hub 
We can meet the needs of emerging applications 
and user expectations. 
•  By understanding and expanding the limits of our 

current manufacturing methods. 
•  By developing and applying new manufacturing 

technology to electrical machines. 
To deliver higher efficiency, power density, 
integration and overall system intelligence. 


