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Abstract: Permanent magnet motors have been considered for a variety of applications due 

to their features such as high power density and high efficiency. One of the issues that 

should be investigated in the design of these motors is the demagnetization problem. 

Usually, the demagnetization analysis is carried out in a steady state, while demagnetization 

effect in dynamic condition is more considerable due to pulse shaped of armature field. 

Based on this fact, in this paper, dynamic demagnetization is investigated for an IPM 

V-shaped magnet. This study has been done for two types of magnet, each one in static & 

dynamic conditions and the results are compared. Moreover, the effect of flux weakening 

regime on demagnetization is investigated. 
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1 Introduction1 

ONSUMPTION interior permanent magnet motors 

have been widely recognized for its excellent 

performance, high efficiency, high power density and 

high reliability in recent years, and are widely used in 

industries, tensile engines and home applications [2], 

[3]. One of the problems with this type of permanent 

magnet motor is related to its demagnetization, which is 

caused by conditions such as strong magnetic field, high 

working temperature, self-demagnetization, high 

mechanical stress, or a combination of these factors [4], 

[5]. This phenomenon affects the motor performance 

characteristics such as power density, output torque, and 

it also makes torque ripple be increased. Consequently, 

the machine does not work in ideal design conditions 

[4,6,7]. So far, little effort has been made in relation to 

the experimental methods of demagnetizing testing 

because of its high cost of performing demagnetization 
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tests in permanent magnet machines, and subsequently 

losing some of its magnet properties, which leads motor 

to be permanently damaged [8]. For this purpose, in 

recent years, several investigations have been made to 

consider this phenomenon using analytical and 

simulation methods including the use of an equivalent 

magnetic circuit [9], reluctance network analysis [10], 

an analytical method using Poisson equations and 

boundary conditions [11] and Finite Element Method 

[12-14]. 

   In this paper, we examine the finite element analysis 

and Flux 2D software to investigate the demagnetization 

in a permanent magnet machine, which has the highest 

accuracy among the existing methods. The basis for the 

demagnetization is briefly discussed in Section 2. In 

Section 3, the characteristics of the motor studied and 

the FEM model of the motor are presented. In Section 

4.1, the phenomenon of demagnetization in dynamic 

and steady-state conditions are investigated using the 

FEM tool for two types of NdFeB and SmCo magnets. 

In Section 5 the effect of working in flux weakening 

region is carried out. Finally, Conclusions are 

summarized in section 6. 

 

2 The Basis of Demagnetization 
   This section provides an overview of the basis of 

C 

mailto:f_mahmouditabar@elec.iust.ac.ir
mailto:avahedi@iust.ac.ir
mailto:p_ojaghlu@elec.iust.ac.ir


 

Iranian Journal of Electrical & Electronic Engineering, Vol. 14, No. 1, March 2018 23 

 

demagnetization in the permanent magnet. The 

demagnetization phenomenon depends more on the 

armature reactions, especially in cases where high 

torque is required. During normal operation of the 

permanent magnet, the electric current of the stator 

windings produces a magnetic field in the opposite 

direction of magnetization in the permanent magnet, 

which causes demagnetization to occur in the magnet, 

this can occur in local or in general [15]. 

   As shown in Fig. 1, if the operation point of the 

magnet is placed above the knee point, only a reversible 

demagnetization can occur, and after removing the 

external field, the residual magnetic flux density can be 

restored [16]. At the lower point of the knee, the density 

of the magnetic flux density decreases dramatically with 

the increase of the external field [8]. Now, if the 

working point is lower than the knee point, the magnet 

will not go through the previous path and will return to 

the line called the recoil line.  All the recoil lines will 

have the same slope as the normal curve on the top of 

the knee point [16]. For this reason, with the removal of 

the external magnetic field, the residual magnetic flux 

density will be lower than the initial value. This will 

weaken the performance of the motor [17]. 

   Fig. 2 shows the normal curve and intrinsic curve of 

the NdFeB magnet. The intrinsic curve shows only the 

magnetic field of the magnet, while the normal curve 

shows the sum of the magnetic field of the magnet and 

the applied field [8]. Both curves are used in 

demagnetization analysis. When the entire magnet is  

 

 
Fig. 1 Calculation of demagnetization point [1]. 
 

 
Fig. 2 demagnetization curve of NdFeB. 

exposed to a uniform demagnetization field, the normal 

curve can be used directly to check demagnetization, 

but in most cases, the magnet is exposed non-uniformly 

to the demagnetization field; in this case, an intrinsic 

curve should be used for demagnetizing analysis [8]. 

   Fig. 2 shows the demagnetization curve of the NdFeB 

magnet used in the IPM machine, which has been 

shown at various temperatures and it is similar to the 

SmCo demagnetization curve. Regarding the mentioned 

curves, we need to study demagnetization at the worst 

temperature conditions with the highest working 

temperature of the magnet. 

 

3 IPM Analyzed 
   The studied device, a brushless AC embedded PM 

motor presented in Fig. 3, includes the following 

elements: 

1. A fixed part (stator) including yoke, slots, and 

windings; 

2. An air gap; 

3. A movable part (rotor) with embedded magnets. 

   A section of the studied device’s model is presented in 

Fig. 3. 

 

4 FEM Simulations 
   In the finite element method, the main field problem is 

divided into a number of subdomains or elements. Then,  
 

 
Fig. 3 A section of studied IPM motor in Flux 2D. 
 

Table 1 Geometric parameters and materials of IPM analyzed. 

Parameter Value 

Max bus voltage 500 (v) 

Nominal speed 1200 (rpm) 

Nominal current 200 (A) 

Air gap 0.6 (mm) 

Shaft radius 56 (mm) 

Thickness of magnet 5 (mm) 

Magnet pole arc 140 

Magnet width 54 (mm) 

Bridge 1 (mm) 

Depth of pole cap 10 

Number of pole pairs 4 

Rotor external radius 92 (mm) 

Number of slots 48 

Stator outer radius 141 (mm) 

Stack length 75 (mm) 
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the potential distribution in each element is estimated by 

a polynomial called (test function), and then a numerical 

solution for the field problem is obtained from an 

optimal criterion [18]. Today, the use of finite element 

method for numerical solution of electromagnetic 

equations is done by fast, powerful and general-purpose 

software. In this paper, Flux 2D software is used. 

Geometric parameters and materials of IPM analyzed 

presented in Table 1. 

 

4.1 Dynamic State 
4.1.1 Armature Reaction 
   To study the demagnetization in the permanent 

magnet, which is caused by armature reaction, the IPM 

machine is studied under the condition that the magnets 

are not magnetized. 

   According to Fig. 4, it is shown that the direction of 

the armature reaction in the left magnet is in some 

places opposite to the magnetization of the magnet, 

which causes the magnitude of the flux density in this 

zone to be lower than the other points. 

 

 
Fig. 4 Direction of armature reaction. 
 

 
Fig. 5 Position of sensors on magnet. 
 

 
Fig. 6 Magnetic flux density in left magnet. 

4.1.2 Overall Demagnetization in NdFeB Magnet 
   For a local demagnetization analysis, six points are 

considered at the magnet surface as shown in Fig. 5. By 

studying the variations in the flux density of these 

magnet points in terms of the position of the rotor and 

the comparison with the magnetic flux density of the 

knee point at the highest working temperature, 

investigate of demagnetization phenomenon is carried 

out. 

   Looking at the curves and the fluctuation lines 

presented in Fig. 6 caused by the armature reaction, it 

can be said that in left magnet at point B, the magnitude 

of the magnetic flux density in all rotor positions goes 

down to less than the knee point, which is the 

demagnetization threshold, and this fact leads the 

magnet to be demagnetized. The E point also in some of 

the rotor positions is placed below the knee point, where 

the worst case occurs in the 82° rotor position and 

shows partial demagnetization. But in other parts, the 

flux density is higher than the knee point and the 

demagnetization does not occur. The reason for 

demagnetization in these areas is an armature reaction 

that is in the opposite direction to magnet 

magnetization, which indicates the demagnetization 

phenomenon in this magnet.  

   In the right magnet, as shown in Fig. 7, the flux 

density at all points are located above the knee point, 

and even in some places, The measured flux density is 

larger than magnet residual flux density. This is due to 

the alignment of the armature reaction and the direction 

of magnetization of the magnet, which results in 

increased magnetic flux density and amplification. 

   The marked blue-bolded parts in Fig. 8 represent a 

bulk of the magnet having a lower density than the knee 

point and local irreversible demagnetization has 

occurred. After calculating, this volume of the magnet is 

8.9% of the total magnet volume. 

 
Fig. 7 Magnetic flux density in right magnet. 
 

 
Fig. 8 Demagnetization area. 
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4.1.3 Overall Demagnetization in SmCo Magnet 
   This time, after going through all of the above steps 

for the SmCo Magnet, the endurance of this type of 

magnet to the demagnetization field is investigated. 

   By analyzing the results obtained from the FEM 

simulation as shown in Fig. 9. The percentage of 

demagnetization is 3.95%, which is lower than the 

NdFeB magnet, indicating the permanent magnet 

SmCo’s having a higher demagnetization tolerance than 

NdFeB due to SmCo’s higher thermal coefficient 

Coercive force than NdFeB’s. 

 

4.2 Steady State 
   In this section, simulations are performed for the 

motor's steady-state condition. The following results are 

obtained from the demagnetization of two NdFeB and 

SmCo magnets. 

   As shown in Fig. 10, the NdFeB demagnetization in 

the steady state is 3.92%, which is much lower than the 

dynamic (8.9%). As a result, the risk of demagnetization 

in dynamic condition is more than the steady state 

condition. 

    For the SmCo magnet, according to Fig. 11, the 

SmCo demagnetization level is 2.94% in the steady 

state, which is less than the dynamic (3.95%). The 

results show that the demagnetization analysis should be 

carried out in the dynamic condition where the external 

demagnetization field is stronger. 

 

5 Demagnetization Characteristic in Flux 

Weakening Region 
   In all electric motors to operate at higher speeds than 

the rated speed, it is necessary to reduce the rotor flux 

due to the limitations of the maximum voltage. But in  
 

 
Fig. 9 Demagnetization analysis of SmCo. 

 

 
Fig. 10 Demagnetization in steady state for NdFeB. 

permanent magnet motors, since the rotor flux is 

generated by a permanent magnet, it is uncontrollable. 

In practice, to reduce the flux produced by the rotor 

magnet, the d-axis current of the rotor is used to 

maintain the motor's voltage within the range [19], [20]. 

The motor speed torque characteristic for performance 

in the area below the base speed and above is given in 

Fig. 12. At the speeds below, the motor speed is fixed at 

377.285 Nm. As the motor speeds up to 1200 rpm, the 

electromagnetic torque of the motor drops and the motor 

enters the power constant region, which is known to be 

the flux weakening region. 

   The Time Stepping Finite Element Method (TSFEM) 

is used to check the motor's demagnetization in the 

flux-weakening region. In this method, at each step of 

the calculation, the magnitude of the flux density of the 

work point of the various elements of the magnet is 

compared with the magnetic flux density of the knee 

point. If the flux density of the working is higher than 

the knee point, it indicates a reversible demagnetization. 

In these conditions, the initial residual flux density is 

used in the next step of the calculation. If the flux 

density of the working point is lower than magnetic flux 

density of the knee point, an irreversible 

demagnetization will occur. In these conditions, the 

modified residual flux density obtained from the recoil 

line should be used in the next step of the calculation. 

   The results of the demagnetization analysis at two 

speeds in the flux weakening region (constant power) 

are shown in Fig. 13. The Figs 13a and 13b are shown 

the electromagnetic curve of the IPM motor at 1500rpm 

and 1800rpm respectively. It obvious that considering 

demagnetization gives the better understanding of actual 

motor performance. By investigating the 

demagnetization of an NdFeB magnet in the flux  
 

 
Fig. 11 Demagnetization in dynamic state for SmCo. 
 

 
Fig. 12 Flux-weakening region. 
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weakening region at 120 °C, the demagnetization level 

of the magnet at 1500 rpm and 1800 rpm are 17.55% 

and 18.17% respectively. These results indicate that in 

flux weakening region as the speed increases, the 

demagnetization level on the surface of the magnet is 

increased. The reason for this can be attributed to the 

d-axis negative polarities current, which produces 

magnetism in the opposite direction of magnetization of 

the magnet and causes further demagnetization of the 

motor. 

 

6 Conclusions 
   2D FEM analysis is applied in order to investigate the 

demagnetization phenomenon in IPM V-shaped magnet 

in dynamic and static conditions. Two types of NdFeB 

and SmCo magnet materials have been used in this 

simulation. By analyzing the simulation results, it has 

been found that demagnetization level for NdFeB in 

dynamic condition is 8.9%, while it is 3.92% in the 

steady state, which is significantly lower. For the SmCo 

Magnet, the percentage of demagnetization has dropped 

from 3.95% to 2.94%. The results indicate that 

demagnetization analysis should be studied in the worst 

condition case that is a dynamic condition with pulsed 

armature field. It is also found that the NdFeB magnet 

has less demagnetization tolerance than SmCo due to  
 

 
(a) 

 
(b) 

Fig. 13 Comparison of electromagnetic torque with 

considering demagnetization and neglecting it at different 

speeds: a) 1500 rpm, and b) 1800 rpm. 

the higher thermal coefficient coercive force in 

comparison with it. In addition, the negative effect of 

working in the flux weakening region on 

demagnetization was investigated. These results indicate 

that in flux weakening region as the speed increases, the 

demagnetization level is increased. 
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