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1 Introduction

Linear motors are typically used in applications that require
high speed, high force and high precision actuation. A lin-
ear synchronous motor consists of two parts, the moving part
and the stationary part. The motor we investigated had per-
manent magnets fixed on the stationary part. To generate
a force, a three phase current has to be applied with a cer-
tain phase depending on the position. To increase this force,
iron-core coils are used that bundle the flux. The permanent
magnets in the stationary part attract these iron which re-
sults in cogging forces. The motor has preference positions
due to this attraction. By skewing the permanent magnets
this effect can be minimized [1], however, at the cost of a
smaller peak force. If the magnets are placed with small
tolerance and the generated magnetic field would be equal,
the cogging force would be periodic. This would mean that
the cogging force is known before-hand and can be com-
pensated for. However this would require a set of tightly
toleranced magnets that are placed accurately.

The downside of precise placement and a good set of perma-
nent magnets is that it is costly. It would be advantageous to
use a set of inferior magnets and place them with a large tol-
erance. This would result in a cogging force that cannot be
calculated beforehand, thus introducing a disturbance force
that depends on the position of the moving part. Tracking er-
rors will be introduced by this force and these are unwanted
in scanning motions that are performed in semiconductor
manufacturing.

By identifying the current that is required to compensate for
the cogging force as a function of the position and by apply-
ing this as a feedforward signal, precise magnet placement
is not necessary and a set of less costly magnets can be used.

2 Method

Identification of the required compensating currents can be
done with Learning Feed-Forward Control [2]. By moving
the translator over the stationary part, the extent of the cog-
ging force can be determined. This force can be stored in a
linear neural network or in a different function approxima-
tor.

This method has been applied on a linear motor in which the
set of magnets could be exchanged. First, the cogging force
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Figure 1: Error on evaluation path with constant velocity.

of the linear motor with a high quality magnetic field was
determined. This force was stored in a B-spline network as a
function of position and used for compensating the cogging
force in the next run. Next the same procedure was applied
for the set of magnets with inferior specifications.

The result are given in figure 1. The scales of the inferior
magnets are slightly larger. From these figures it is clear that
the tracking error of the configuration with inferior magnets
is worse than the tracking with the good magnets. After the
learning of the individual cogging force, they can be com-
pensated for. The tracking error after the learning is about
equal for both set of magnets.

3 Conclusion

The tracking error of a linear synchronous motor stems
among others form cogging forces. These forces can be
limited by precise construction. However by identifying and
compensation for these forces, it is shown to be possible that
the tolerances on the construction can be loosened without
introducing larger tracking errors. By investing time identi-
fication and control, the construction becomes less costly.
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