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Abstract — This paper presents the end effect of tubular
transverse flux permanent magnet linear motor (TFPMLM),
which is the special topology of linear motor. Due to the end
effect, the unbalanced magnetic field distribution in the
tubular TFPMLM has been generated. This is the significant
drawback which will deteriorate the performance of the
TFPMLM drive system. In order to improve the performance
of TFPMLM, the auxiliary cores model is carried out by using
3-D finite element method (FEM), and compared to the basic
model.

I. INTRODUCTION

The higher specific force density of a tubular transverse
flux permanent magnet linear motor (TFPMLM) in
comparison to a conventional linear machine makes it a
promising many linear motion field [1]-[3]. In linear motors,
end effects occur entering or exiting the magnetic field
because of the stator or the mover having finite length. The
tubular TFPMLM is no exception. Many papers focus on
the reduction of the end effect in permanent magnet linear
synchronous motor (PMLSM). Jung et al. [4] and Inoue
and Sato [5] provided the method of the modification of the
end teeth length and shape, and the optimization of the iron
core length. In [6]-[7], the novel method with the auxiliary
poles was proposed to reduce the end effect. These methods
have good effect on the reduction of the end effect in
PMLSM. However, there are few literatures about the end
effect in TFPMLM.

Il. ANALYSIS MODEL

The end effect in the tubular TFPMLM will be serious,
while the mover of is located at the edge of stator. Fig.1
shows the basic structure of tubular TFPMLM.
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Fig. 1. The basic structure of the TFPMLM.

The three-phase TFPMLM are decoupled from each
other, so the computation model can be analyzed by just a
single phase [8]-[9]. The end effect of phase A computation
model shown in Fig. 2 is a simplified model of TFPMLM
considering the end effect. In the same way, the other two
phase computation model can be developed (given in Fig.

3), which the phase differences exist in the permanent
magnet (PM).

Fig. 2. Computation model of phase a with edge effect considered

a) Mover model of phase b b) Mover model of phase ¢
Fig. 3. Mover models of phase b and phase ¢ with end effect

The single phase winding flux in an electrical period
can be achieved by 3D finite element method (FEM) via
utilizing FLUX3D software from Cedrat. Fig. 4 shows that
the waveform of winding flux linkage with and without the
end effect. As can be seen, the higher winding flux linkage
is made considering the end effect, and further analysis will
be presented in the finial paper.

0.02:

0.015- —~End effect considered
) -=-End effect neglected
S oot
[}
g
£ 0005
£
ERE
T

-0.005-

005 3 6 9 12 15 18
Displacement (mm)
Fig. 4. Comparison of no-load flux linkage in phase

111. INFLUENCE OF END EFFECT ON PERFORMANCE

A. Cogging Force

Based on the above 3-D FEM model, the waveform of
three phases and total cogging force without and with the
end effect in the TFPMLM are respectively presented in
Figs. 5 and 6. It can be seen that the three phase cogging
force are not symmetrical in an electrical period due to the
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end effect in the TFPMLM. For further analysis, the larger
resultant three phase cogging force responsible for
vibration and noise is produced due to end effect.
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Fig. 5. Cogging forces of three phases and total cogging force without end

effect
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Fig. 6. Cogging forces of three phases and total cogging force with end
effect

B. Back-EMF

Figs. 7 and 8 show that the three phase back-EMF of
tubular TFPMLM at the speed of 1m/s without and with the
end effect respectively. It can be seen that the higher back-
EMF is made in the A-phase than other phases because of
the difference size of permanent magnet due to end effect.
In the result, the distortion of flux linkage and back-EMF in
three phase result in the vibration of operation due to
unbalanced phase.
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Fig. 7. Back-EMF of three phases without end effect
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Fig. 8. Back-EMF of three phases with end effect

IV. THE INFLUENCE OF AUXILIARY CORES

To eliminate unbalanced phase caused by the end effect,

the auxiliary cores is carried out as shown in Fig. 9. Further
more results and discussion will be presented in the final

paper.
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Fig. 9. Single-phase structure with auxiliary cores
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