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Modification of the permanent magnet linear synchronous motor’s shaft
for fixing ring shape permanent magnet
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ABSTRACT –The fabricated permanent magnet linear
synchronous motor (PMLSM) faced problem during the
process of attaching the permanent magnet (PM) to a
shaft. The shaft was made from a non-ferromagnetic
material. The non-ferromagnetic shaft was modified by
replacing the non-ferromagnetic material with a hollow
ferromagnetic material to solve the problem.
Considering the existence of flux leakage in
ferromagnetic material, the models of PMLSM with
different combinations of the ferromagnetic and nonferromagnetic shaft has been modeled. The simulation
results show that the model with shaft ratio 3:3 (mm)
produced the highest average thrust which is 186N.
INTRODUCTION
The permanent magnet linear synchronous motor
(PMLSM) has been designed where the performances of
the PMLSM has been discussed in [1,2]. Based on the
performances analysis, the best model with the optimum
performances was chosen for fabrication. The model
chosen is lt=1.5mm, ht=1mm where this model
produced average thrust, Fave of 176N.

lt=1.5mm, ht=1mm was chosen for fabrication. Each
part of fabricated PMLSM is then needed to be
assembled as one complete structure. However, during
the process of mounting PM to the shaft, some of the
mounted PMs do not stick to the shaft as shown in
Figure 2.

1.

2.

BASIC PRINCIPLE OF THE PMLSM

2.1 Basic Structure of the PMLSM
The PMLSM consists of six stator slot and the
Halbach magnetization array of PM on its mover as
shown in Figure 1. The mover of the shaft consists of
shaft and PM where the shaft made of nonferromagnetic material and the PM is neodymium iron
boron (NdFeB). Meanwhile, the stator yoke is made of
ferromagnetic material with grade SS400 stainless steel.

Figure 2 Mounted PM on the shaft.
In order to overcome this problem, the
modification is needed to be done to the shaft. Due to
the fact that magnets strongly attract ferromagnetic
materials, it is decided to replace the non-ferromagnetic
shaft with a hollow ferromagnetic shaft.
2.3 Ferromagnetic Shaft
Before the modification of the shaft can proceed,
the changes towards the performances of the PMLSM
needed to be considered. This is because, the
ferromagnetic shaft produces leakage flux. Leakage flux
is a condition where the magnetic flux does not flow in
its original intended path [3] and does not contribute to
the thrust development. This condition can degrade the
performances of the PMLSM.
MODIFICATION OF THE SHAFT
The proposed modification of the shaft is
conducted within fixed parameters of the PMLSM. The
shaft radius rshaft was maintained at 6mm. The shaft was
modeled to have both a combination of ferromagnetic
and non-ferromagnetic material in order to study the
effect of leakage flux towards the thrust of PMLSM.
3.

lstator = 96

rtotal = 25

U

V

W

U

V

W
Coil

x

Yoke

y

0
Shaft

Permanent magnet

Air gap

Figure 1 PMLSM basic structure (unit: mm).
2.2 Fabrication of the PMLSM
Based on the performances comparison of the
PMLSM as discussed in [1,2], the final model,

3.1 Combination of Shaft Material
Leakage flux can happen when the ferromagnetic
material of the shaft allowed the magnetic flux of the
PM pass through it. Therefore, the size of the
ferromagnetic material of the shaft needs to be

© Centre for Robotics and Industrial Automation, Faculty of Electrical Engineering

Nasir et al., 2018

optimized by combining the ferromagnetic material with
a non-ferromagnetic material. Figure 3 shows the
structure of the PMLSM with the combination shaft.
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4.2 Assembling PMLSM
Based on the finding, the the shaft with the ratio of
hSS400/rnon-ferro equal to 3:3 was chosen for fabrication.
The PM then mounted on the new shaft and the result is
shown in Figure 5. Technically, the PM was successfully
attached to the ferromagnetic shaft. Hence, the
assembling of the PMLSM was continued with the
ferromagnetic shaft as the mover.

Figure 3 PMLSM with combination shaft (unit:mm).
The height of the ferromagnetic shaft, hSS400 to the
radius of non-ferromagnetic shaft, rnon-ferro combination
are listed in Table 1. The models designed was then
simulated to evaluate the performance of the thrust, F.
Table 1 Combination of shaft material.
No.
Ratio of hSS400/rnon-ferro (mm)
1
1:5
2
2:4
3
3:3
4
4:2
5
5:1
6
6(fully ferromagnetic)
PMLSM WITH FERROMAGNETIC SHAFT
The PMLSM with ferromagnetic shaft was
modeled and simulated by using FEM software. The
results of thrust obtained was compared to identified the
optimum model. The shaft of the chosen model was
then fabricated to replace the previous nonferromagnetic shaft.
4.

4.1 Average Thrust, Fave Characteristics
Table 2 and Figure 4 show the average thrust, Fave
of the PMLSM for different ratio of shaft thickness.
Based on Table 1, it shows that the average thrust, Fave
of model with ratio of hSS400/rnon-ferro equal to 3:3
produces the highest average thrust, Fave which is 186N.

Average thrust, Fave (N)

Table 2 Average thrust of modified shafts
Ratio of hSS400/rnon- Average thrust, Fave
(N)
ferro (mm)
1:5
182
2:4
183
3:3
186
4:2
185
5:1
185
6
185
200
150

1:5

4:2

2:4

5:1

3:3
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Figure 5 PM mounted on the modified shaft.
CONCLUSION
In conclusion, the shaft with ratio of hSS400/rnon-ferro
equal to 3:3 was chosen for fabrication to replace the
non-ferromagnetic shaft. This is based on the finding
that this model produced the highest average thrust
compared to the other model. The average thrust
produced by the model is 186N. Therefore, for the
fabrication, it is decided to choose the model with half
ferromagnetic, half non-ferromagnetic material as the
shaft.
5.
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Figure 4 Average thrust, Fave characteristics (3A).
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