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Research on Thrust Characteristics in Permanent Magnet Linear Synchronous Motor

Based on Analysis of Nonlinear Inductance
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ABSTRACT: Analytical models of thrust characteristics in
permanent magnet linear synchronous motor are generally
presented with constant inductance. The effects of saturation
and longitudinal end are neglected. In order to analyze the thrust
characteristics with load, a new non-linear magnetic circuit
analytic model was suggested. This analytic model which
considered saturation phenomena and longitudinal end effect,

not only could calculate steady-state inductance, but also
calculated transient-state inductance. So the dynamic inductance
was obtained as a function of magnet position and current.
Meanwhile, it also present the fundamental reasons about the
inequality of stable inductance of the three-phase winding. After
d-q transforming and calculating, the electromagnetic thrust
formula, which included all the influence form saturation
phenomena, position and longitudinal end effect was obtained.
According to this formula, the ripple caused by saturation
phenomena was a major part of the thrust fluctuation. The
amplitude of the fluctuation had a square relationship with
current. It meant that thrust characteristics become worse when
the load increases. Finally, a new shape of the teeth and a
method to compensate current into the current loop was suggest,

which could decrease the speed ripple about 70%.

KEY WORDS: permanent magnet linear synchronous motor
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