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Today, electric motors play an important role in energy production in the world. For this reason,
it is very important to improve the parameters of the electric motor in order to promote the
performance of the motor. One of the ways to improve the performance of electric motors is to
use permanent magnets in the structure of induction motors. These types of motors are known as
line start motors. The use of permanent magnets eliminates ohmic losses and increases efficiency.
Due to the fact that permanent magnetism plays the most important role in these motors, the
smallest change in the magnetic properties of them will cause malfunction of the machine. One of
the phenomena that changes the properties of the permanent magnet is demagnetization. Although
this phenomenon has very destructive effects on machine performance, the design of electric
motors is still done without considering this issue. In this paper, a line start motor is designed.
This motor is simulated under different demagnetization conditions. The simulation results show
that the performance and efficiency of the motor in the demagnetization mode is significantly
reduced. Also, the increased current in demagnetized motors causes a further decrease in the
magnet's properties. This effect is progressively repeated many times until the property of the
applied permanent magnet is lost. Finally, an analytical model for examining and designing
electric motors, considering the effects of demagnetization, was presented. The results showed
that the use of the analytical model of motor design considering the effects of demagnetization can
be a suitable alternative to the use of conventional methods in the design of electric motors.

Extended Abstract

1. Introduction

decades, induction motors with a simple and robust structure and low cost have been mainly used in

T oday, technology is focused on improving performance by increasing benefits and reducing costs. In recent

industry. On the other hand, the very high efficiency and power factor of permanent magnet synchronous
motors have been highly regarded in constant speed applications.

In the last three decades, another type of synchronous motor has been presented, which is a combination of an
induction motor and a permanent magnet synchronous motor, taking advantage of each in the starting mode and
the running mode. Line start motors have a structure similar to induction motors, with the difference that permanent
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magnets are used in their rotor. The result of this structure is asynchronous starting and running mode operation at
synchronous speed, and as a result, the starting losses are eliminated.

One of the basic problems of permanent magnet motors, including line start motors, is demagnetization.
Considering that the obvious advantage of permanent magnet synchronous motors compared to induction motors
is higher torque density and much higher efficiency, reducing the magnet flux density in transient operating
conditions reduces the efficiency of the motor. If the flux density at any point of the permanent magnet becomes
less than the flux density at the elbow point, in this case the new flux density will have a smaller range than the
previous one [1]. Usually, in the design algorithm of permanent magnet motors, high reliability is considered for
the working point of the magnet in different working conditions in order to prevent demagnetization of the
permanent magnet [2].

The first investigations on demagnetization were done in 1990 by Morimoto [3] who investigated the operating
point of permanent magnet in a DC machine and determined the load direction limit to prevent demagnetization.
Then in 2019 by Mahmoudi Tabar et al [4], this phenomenon was investigated on line start machine. They
investigated the parameters affecting the demagnetization of these motors using the finite element method. The
study was repeated in a range of different temperatures. In [5], a two-dimensional analytical model was presented
for modeling vector potential in surface magnet and internal magnet machines. In [6], a mathematical relationship
for the optimal shape of the iron pole in the internal magnet motor was presented and its results were compared
with experimental and numerical results. An analytical model for modeling the magnetic field distribution in the
internal rotor motor considering multi-piece magnets was investigated [7]. In [8], an analytical model was
presented to calculate the magnetic field distribution in permanent magnet switching flux machines. In [9], a
mathematical expression was presented to optimize the magnet shape in surface magnet motors. In [10], a hew
method based on the subdomain method was presented to determine the performance characteristics of the internal
magnet machine [11-18].

From the previous researches, it can be concluded that until now, no analytical model has been presented to
determine the performance characteristics of the start line machine. Therefore, in this paper, the aim is to
investigate the demagnetization in the line start motor analytically, numerically and experimentally and to obtain
the governing equations of the sample. The first section includes an introduction of line start machine, the second
section will introduce the structure of the proposed line start machine and the third section will be dedicated to the
governing equations of the introduced machine. In the fourth section, the obtained results are compared and the
last part will be related to the conclusion.

2. The line start machine structure

The schematic of the proposed line start motor can be seen in Figure 1. The rotor of this design includes 48
slots and the stator also includes 36 slots. The design parameters can be seen in Table 1.

Figure 1. Two dimensional model of the investigated line start motor
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Table 1. The line start motor’s parameters.

parameter Value
Rated power (W) 150
Rated speed (rpm) 1500
Voltage (V) 380
Pole number 4
Frequency (Hz) 50
Stator slot number 36
Rotor slot number 48
Slot depth (mm) 20
Stator outer diameter (mm) 160
Stator inner diameter (mm) 102
Rotor outer diameter (mm) 101.3
Rotor inner diameter (mm) 18
Airgap length (mm) 0.5
Winding layers 1
Wire number 200
PM material NdFeB35
PM dimension 2.5x20
Connection type Y

The magnet selected in this project is made of NdFeB35, which is one of the common permanent magnets in

the market. This magnet is in the form of a cube with a small thickness (2.5 mm). The details of the dimensions
and material of the magnet are given in Table 2.

Table 2. The specification of selected permanent magnets

Parameter Value
Magnet type NdFeB35
Hc 89000
Br 1.23
u 1.099
Magnet length 20
Magnet width 20
Magnet thickness 25

3. Analytical model

Using the sub-domain method, the magnetic flux density equation in the line start motor is calculated from
equation (1).

M,n np — D(Rp)?™ + 2(R,)"P 1 (R)™H — (np + 1)(R,)*™
= Ry D[yt cos(npe) | e R (BT
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4. Performance estimation and model evaluation

The finite element analysis method is used to calculate the machine performance. The equipment used in the
experimental test is also shown in Figure 3.
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Figure 3. Experimental test setup

The performance characteristics of the line start machine have been analyzed in three analytical, numerical and
experimental modes. The graphs of flux density and electric driving force in symmetric and asymmetric states and
different percentages of demagnetization are determined. From the comparison of numerical and analytical results
for different percentages of demagnetization, it can be seen that the maximum difference between numerical and
analytical values for each test sample is about 4%. Therefore, the proposed analytical model is highly accurate.

In Figure 4, the demagnetization is symmetrical and its amount is 50%. In this figure, the air gap flux density
waveform curve is compared with the numerical and analytical results. In Figure 5, partial asymmetric
demagnetization is considered and its value is 50%, and air gap flux density curves are compared with the
analytical and numerical results. In Figure 6, the effect of different percentages of demagnetization on the return
electric driving force in the motor is studied. In Figure 7, the comparison of the back-EMF is analyzed by analytical
and numerical methods in a healthy motor. In Figure 8, the back-EMF of the motor in the 50% symmetrical
demagnetization mode is compared analytically, numerically, and experimentally. In Figure 9, the back-EMF of
the motor in 50% asymmetric demagnetization mode is compared analytically, numerically and experimentally.
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Figure 4. Flux density waveforms at 50% partial demagnetization
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Figure 9. Back-EMF at 50% asymmetric demagnetization
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