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Abstract—Iron core permanent magnet linear actuators are
applied in high precision systems and transport applications
where a low force ripple is required. Force ripple can be reduced
by applying skewing. This paper uses the analytical expressions
for the magnetic field of skewed magnets to determine the effect
of the main design parameters on the performance of the actuator
and optimal values and ratios of the design parameters are
obtained.

I. I NTRODUCTION

High precision positioning systems and transportation appli-
cations often use iron core linear motors. In these applications
a high output force must be combined with a low force
ripple. This force ripple of the motor is a result of factors
such as slotting and end effects or the winding topology,
and it influences the servo accuracy of the system. Several
techniques can be applied to meet these demands, such as
using non-sinusoidal currents, a quasi-Halbach magnetization
[1], pole shifting [2], or skewing. In this paper, the effects
of skewing are investigated. Since skewing lowers both the
force ripple and the mean output force, accurate and fast
models are necessary in order to select the appropriate machine
topology. An 3D analytical field solution is used to determine
the influence of the design parameters on the performance of a
linear actuator, shown in Figure 1, and to deduct their relative
merits.

II. I NFLUENCE OF DESIGN PARAMETERS

The derived analytical expressions for the magnetic field
can be used to optimize the design of the machine for a given
criterion. In this paper, the influence of the different parameters
is investigated and ratios for maximum force capability are
determined.

The influence of several design parameters are investigated:
the pole pitch for several air gap lengths, the magnet pitch

Fig. 1. One of the designs of an ironless linear actuator considered
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Fig. 2. The flux linkage of the Halbach magnetized linear machine for
different heights of the magnets and pole pitches

ratio, the height of the magnets and the hight of the windings.
Figure 2 shows the flux linkage per unit-length of a pole pitch
for several magnet heights of the linear actuator with a Halbach
magnet array. For each of these design parameters an optimal
value or ratio is determined and these values will aid the design
process when given performance criteria have to be met.

III. C ONCLUSION

The influence of the design parameters on the performance
of the linear actuator are investigated using three-dimensional
analytical expressions for the magnetic field density alongthe
x-, y-, and z-direction. It has been shown that for Halbach
and vertical magnetization optimal values for the design pa-
rameters exist, which result in maximum force capability for
a given air gap length.
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