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Abstract 

Research on Variable Flux Machines (VFMs) is becoming increasingly prevalent due 
to their ability to dynamically adjust excitation levels. Preserving the benefits of 
permanent magnet machines at low speeds while increasing the efficiency and 
operating envelope at high speeds is the underlying goal of these machine topologies.  

The first part of this tutorial will introduce the fundamental equations and 
characteristics of synchronous machines. Generalized design aspects for 
understanding the operating limits of traditional permanent magnet synchronous 
machines are presented. The trade-off of increasing permanent magnet flux or 
saliency ratio from a machine design perspective is highlighted for a fixed-flux system. 
This will create a system-level understanding of why variable-flux machines are 
necessary for future electrification efforts.  

The second part of the tutorial will deep-dive into different machine topologies to 
achieve a flux variation in permanent magnet machines.  These include hybrid 
excitation machines equipped with field windings on the stator or rotor, memory motors 
utilizing low-coercivity magnets with variable magnetization states, and mechanically 
adjustable machines that incorporate movable elements within the stator or rotor. 
State-of-the-art machines will be presented, and their respective advantages and 
disadvantages highlighted. 

By the end of the tutorial, attendees will have a cohesive understanding of the 
compromises in static flux machines, and the value-add potential of variable flux 
mechanisms and when and how flux variation adds system-level value. The presented 
content will enhance participants' understanding of variable flux machines 
mechanisms, enabling them to apply state-of-the-art knowledge to the next generation 
of electric machines.  
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