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Abstract

In this paper, a general field-modulation theory for electrical machines is proposed by introducing
a magnetic motive force (MMF) modulation operator. This operator is used to describe short-
circuited windings, variable magnetic reluctance, and magnetic-flux guidance acting on the
primary magnetic motive force generated by the field-winding function multiplied by the field
current along the circumferential air gap. A magnetically anisotropic stator (the stationary part of
the machine) or rotor acts as a modulator to generate a spectrum of field harmonics. The armature
winding serves as a specific filter for extracting harmonic fields to contribute to the continuity of
the corresponding flux linkage and to induce electromotive force (EMF). The developed field-
modulation theory not only unifies the analysis principles of various electrical machines—
including conventional DC machines, induction machines, and synchronous machines—which
can be regarded as special cases of general field-modulated machines, thereby eliminating the
need for fragmented machine theories, but also provides a powerful guideline for inventing new
machine topologies.
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