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Abstract: In this study, we investigate the demagnetization resistance of a concentrated winding IPMSM (interior permanent magnet 
synchronous motor) accounting for field weakening control by changing the magnetization direction of the permanent magnet under a 
high-temperature environment. IPMSMs are investigated by FEA (finite element analysis) using the same volume of the permanent 
magnet while changing the magnet’s width, thickness and magnetic field orientation angle. FEA found that a V-shaped angle Va = 100° 
and a changed magnet length of 97% using an oblique magnetic-field-oriented magnet strike a good balance between demagnetization 
resistance and torque at 180 °C. Comparison between demagnetization of negative d-axis current (current phase β = 90°) and 
demagnetization of field weakening control (β = 80°) using concentrated winding IPMSM with V-shaped angle Va = 100° is conducted. 
With the demagnetization factor at β = 80° for β = 90°, the demagnetization factor 0.39 (2.6 times) at α = 0° decreases to 0.23 (4.3 times) 
at α = 20°. The demagnetization resistance in the field weakening control is further improved. 
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1. Introduction  

The high efficiency of a small-sized permanent 
magnet synchronous motor is one of its key features. 
On the other hand, one of its disadvantages is that the 
coercive force decreases at high temperature and then 
easily demagnetizes. In recent years, motors for 
vehicles, high-temperature heat pumps, and 
extreme-environment-compatible robots have had to 
operate in severe load environments, which are often 
extremely high-temperature environments where 
permanent magnets are demagnetized. In this work, we 
examined a parallelogram-shaped permanent magnet 
whose magnetic field orientation was made oblique 
with respect to the plate thickness direction (see Fig. 
1). Lm is the magnet length, Am is the magnet 
cross-sectional area. 
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For obliquely distributed magnets with an oblique 
orientation angle α, the magnetic field orientation 
inclines from the plate thickness direction with respect 
to the magnet width Wm and the magnet thickness tm. 
Furthermore, the operating point of the magnet does 
not change much from the permeance equation, since 
the magnetic field H is acting on the magnet. On the 
other hand, the reverse magnetic field component 
affecting the magnetization direction of the magnet 
can be reduced to Hm, thus improving the 
demagnetization resistance [1, 2]. 

Few studies have attempted to examine the 
magnetic field orientation of permanent magnets 
detailed demagnetization characteristics under high 
temperature environments [3-8]. A field weakening 
control that energizes the negative d-axis current 
component can suppress the induced voltage of the 
motor and can operate in the wide rotational speed 
range under a limited power supply voltage [9]. The 
demagnetization in field-weakening control is likely to  
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resistance of the oblique magnetic orientation magnets 
IPMSM in the field-weakening control is further 
improved. 
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