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This tutorial will point out the current challenges of the existing permanent magnet (PM) machines for electric vehicle applications first, and then introduce research developments of newly emerged variable-flux (VF) electrical machines by combing the advantages of constant PM flux and VF machines. This tutorial will propose a new “PM+X” concept by applying additional field excitation, winding reconfiguration, mechanical adjuster, special rotor design and VF magnet to the conventional PM machines. In addition, the topology features, working principle and control methods of several new VF electrical machines will be addressed, respectively. Finally, some future frontiers of VF electrical machines and drives, as well as their potential applications for automotive traction will be discussed.
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