
2.12 Summary

This chapter presents mathematical modeling of PMS machines. A
physical model of the machines is developed first by considering sev-
eral simplifying assumptions. The machine modeling is carried out
with the help of RFs. A machine model in terms of phase variables
is then presented in a three-axis stationary RF as the most straight-
forward model. However, the model does not lend itself to control
system design due to its complexity that arises from the time-varying
machine parameters. An equivalent two-winding fictitious machine
can be assumed to simplify machine analysis. The equivalent ma-
chine is modeled in a two-axis stationary RF with perpendicular direct
and quadrature axes. It is obtained by an RF transformation from the
three-axis stationary RF to the two-axis stationary RF with a fixed
angle between the frames. However, the problem of time-varying ma-
chine parameters persists. A transformation to a two-axis rotating RF,
fixed to the rotor, solves the problem and results in fixed parameters
in this RF, where the direct axis is aligned with the magnetic axis of a
permanent magnet rotor pole. A transformation to a two-axis rotating
RF where the direct axis is aligned with the stator flux linkage vec-
tor is also presented. This RF particularly provides a compact torque
equation for interior permanent magnet machines as the product of
a stator flux linkage component and a stator current component. A
concise treatment of modeling, based on space vector theory, is fi-
nally presented. The theory is based on the definition of a fictitious
space vector for every machine variable and provides a deeper in-
sight into the machine performance. Space vector modeling reveals a
different aspect of RF transformation in which only the vector angle
changes from one RF to another one. Accordingly, space vector mod-
els of PMS machines in different RFs are elaborated on. Equivalent
circuits are drawn based on the mathematical models where appro-
priated. Iron losses and iron saturation are also taken into the models.
The modeling in this chapter is primarily treated under the dynamic
operation. However, steady-state models are also derived in each RF.
The chapter ends with a brief presentation of the dynamic equation
of PMS machines’ mechanical part.


