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Abstract— Managing magnet temperature is essential for 

enhancing the accuracy and reliability of torque control in 

permanent magnet synchronous motors (PMSMs). This paper 

proposes a temperature detection method for PMSM magnets 

that employs wireless power transfer combined with a 

thermistor. The method estimates the thermistor temperature 

from the DC input power of the detection circuit. The influence 

of winding resistance variation on temperature-detection 

accuracy was analyzed through simulation. Results indicate that 

choosing a thermistor resistance close to the derived optimal 

value enhances robustness and minimizes detection errors. 

Experimental results demonstrate that the input power 

decreases monotonically as the thermistor temperature 

increases, and that the proposed method achieves a detection 

accuracy of ±4°C.   

Keywords—Permanent Magnet Synchronous Motor, 

Temperature Detection, Wireless Power Transfer. 

I. INTRODUCTION 

Permanent magnet synchronous motors (PMSMs) offer 
high efficiency and high torque density. Therefore, they are 
widely used in applications such as electric vehicles, railway 
traction systems, household appliances, and testing machines. 
In the permanent magnets used in the rotor of a PMSM, eddy 
currents are induced by spatial harmonics and carrier 
harmonics originating from the inverter, resulting in heat 
generation [1–3]. The resulting temperature rise of the 
permanent magnets can cause demagnetization. For instance, 
in neodymium magnets (NdFeB magnets), the residual flux 
density decreases by approximately 0.13% for every 1°C 
increase in temperature [4]. Because the torque of a PMSM 
depends on the magnetic flux produced by the permanent 
magnets, the temperature rise of the magnets affects the motor 
torque [5–6]. In addition, the coercivity decreases by 
approximately 1.77% for every 1°C increase in temperature 
[4]. As a result, excessive heating of the permanent magnets 
may cause irreversible demagnetization. This permanently 
decreases the magnetic force and may prevent the motor from 
delivering the required torque output. 

To address these issues, motor protection is generally 
achieved by limiting the continuous operating time or output 
torque. However, because the actual magnet temperature 
depends on the ambient temperature of the motor and its 
previous operating conditions, when the exact magnet 

temperature is unknown, the protection system must be 
designed based on worst-case assumptions. As a result, 
excessively large safety margins must be incorporated into the 
protection design, which leads to underutilization of the 
motor’s full performance potential. From this perspective, 
techniques for measuring or estimating magnet temperature 
are required to improve the reliability and torque-control 
accuracy of PMSMs and to reduce excessive safety margins 
in protection design. 

A traditional method for determining magnet temperature 
involves coupling a temperature sensor with a slip ring [7]. In 
this method, the magnet temperature data from the rotor are 
transmitted to the outside through the slip ring. However, 
contact between the ring and the brush leads to poor durability 
and maintainability, resulting in reliability issues. As an 
alternative approach without physical contacts, such as slip 
rings, methods have also been proposed in which temperature 
data measured by a temperature sensor are transmitted via 
wireless communication [8–10]. In reference [8], the 
measurement method with an accuracy of ±1.5°C was 
reported. However, such methods require additional 
components on the rotating part, such as a battery, and 
therefore necessitate periodic maintenance. As a method that 
does not require additional components on the rotor side, non-
contact temperature measurement using infrared 
thermographic cameras or thermometers has also been 
employed [11–17]. However, this approach can only measure 
the surface temperature of the target object. While it is suitable 
for measuring temperature at the rotor end, it is not appropriate 
for gauging the temperature near the rotor's center. The high 
cost of infrared cameras also remains an issue. 

Temperature estimation methods based on either thermal 
or electrical models have been proposed. Thermal-model-
based methods [11], [18–24] estimate the magnet temperature 
by modeling the heat-transfer paths within the PMSM as a 
thermal circuit. In reference [11], magnet temperature 
estimation with an error of up to 3°C was demonstrated. 
However, the parameters of the thermal circuit are generally 
sensitive to changes in the surrounding environment and 
cooling system, and the estimation accuracy may deteriorate 
when operating conditions differ from those during calibration. 
Electrical-model-based methods include high-frequency 
signal injection methods for standstill and low-speed 
operation [12–16], [25–32], and flux observation methods for 



medium- and high-speed operation [17], [33–44]. High-
frequency signal injection methods estimate the magnet 
temperature by observing high-frequency resistance or 
inductance that depend on the magnet temperature. In 
reference [32], a maximum estimation error of 3°C was 
reported. Flux observation methods estimate the permanent 
magnet temperature by observing the magnetic flux of the 
permanent magnet on the basis of the PMSM voltage 
equations. In reference [17], an accuracy of ±4°C was reported. 
In these electrical-model-based methods, because the 
estimated temperature depends on the temperatures of all 
magnets, it is not possible to estimate the temperature of only 
an arbitrary individual magnet. 

The authors have proposed a magnet temperature 
detection method for PMSMs using electromagnetic induction 
and a thermistor [45–46]. Reference [46] shows that the input 
power of the temperature detection circuit monotonically 
decreases as the thermistor temperature increases. However, 
changes in the characteristics of the temperature detection 
circuit due to variations in circuit parameters were not 
considered. Furthermore, the temperature-detection accuracy 
using the temperature detection circuit was not verified. 

In this paper, variations in winding resistance caused by 
changes in coil temperature are considered. The thermistor 
resistance that reduces the influence of these variations on 
temperature-detection accuracy is identified. Additionally, the 
thermistor temperature is detected from the measured DC 
input power of the temperature detection circuit. 

II. MAGNET TEMPERATURE DETECTION SYSTEM 

A. Temperature Detection Circuit 

Fig. 1 shows the temperature detection circuit. An NTC 
thermistor is connected as the load in the wireless power 
transfer (WPT) system with a series-series (S-S) 
compensation. The WPT system is driven by the inverter. 

The resistance Rth of an NTC thermistor is a function of its 
temperature T and is given by (1) using the B constant, where 
R0 is the resistance at the reference temperature T0. 
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When the resonance condition given by (2) is satisfied, the 
impedance Z1 seen from the primary side of the S-S 

compensation WPT system is given by (3), where 0 is the 
resonant angular frequency. Equation (3) shows the 
dependence of the impedance Z1 seen from the primary side 
on the thermistor resistance Rth and the thermistor temperature 
T. 
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The DC input power PDC to the inverter, ignoring inverter 
losses, is equal to the primary-side power P1 and is given by 
(4). The input power PDC depends on the thermistor 
temperature T. 
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There is a one-to-one relationship between the input power 
PDC and the thermistor temperature T. Differentiating (4) with 
respect to the load resistance Rth yields (5). Equation (5) is 
always positive. Therefore, the primary-side power P1 of the 
S-S compensated WPT system increases monotonically as the 
load resistance increases. Then, as the thermistor temperature 
T increases, the resistance Rth decreases, and the input power 
PDC to the temperature detection circuit decreases 
monotonically. This characteristic enables the detection of the 
thermistor temperature based on the input power to the 
temperature detection circuit. 
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B. System Configuration 

Fig. 2 shows the configuration of the proposed 
temperature detection system. The system comprises a 
stationary part and a rotating part. The stationary part consists 
of the power detector, the DC power supply, the inverter and 
the primary circuit of the temperature detection circuit. The 
power detector measures the DC voltage and DC current 
supplied from the DC power supply to the inverter and detects 
the DC power. Note that the inverter is provided separately 
from the PMSM drive circuit. The rotating part consists of the 
secondary circuit, including the thermistor, and rotates with 
the PMSM rotor. The thermistor is attached to the magnet, 
which is the temperature-detection target, on the rotor. 

In the proposed system, the stationary and rotating parts 
are magnetically coupled. Therefore, the system does not 
suffer wear from physical contact. In addition, because power 
is supplied from the stationary part to the rotating part by WPT, 
no power source, such as a battery, is required on the rotating 
part. Furthermore, since only the temperature of the magnet to 
which the thermistor is attached is detected, the temperatures 
of other parts do not affect the detection. 

C. Temperature Detection Method 

The thermistor temperature is detected using the 
regression model of the input power to the temperature 
detection circuit, which is measured and introduced by 
preliminary examinations. The temperature characteristic of 
the input power is fitted by (6). Fig. 3 shows the block diagram 

 

 

Fig. 1. Proposed temperature detection circuit. 
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of the proposed method. First, measure the DC input power 
PDC supplied to the temperature detection circuit from the DC 
power supply. Next, use the measured input power PDC to 
determine the thermistor temperature Tdtc according to (7). 
Equation (7) follows from (6). The coefficients a, b and c are 
experimentally determined by a preliminary experiment. 
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III. THERMISTOR RESISTANCE FOR IMPROVING 

TEMPERATURE-DETECTION ACCURACY 

A. Effect of Variations in Circuit Parameters 

If the circuit parameters deviate from the conditions under 
which the input-power regression model was built, the actual 
input power at a specific thermistor temperature will differ 
from the expected input power. Variations in these parameters 
lead to an increase in temperature detection errors. One 
possible cause is variations in the winding resistance. Winding 
resistance depends on the winding temperature. In practice, 
the winding temperature varies due to copper loss in the 
winding and heat conduction from the motor. The resistance 
R of a metal at temperature T, with resistance at the reference 

temperature T0, is given by (8). Here,  is the temperature 

coefficient, and for copper,  ≈ 4.0×10-3°C-1. 

 ( ) 0 01R R T T= + −  () 

From (3), when winding resistance r1 = r2 = r, the 
impedance Z1 seen from the primary side of the WPT system 
is given by (9). Differentiating (9) with respect to the winding 
resistance r yields (10). Equation (10) represents the variation 
in the primary-side impedance Z1 with respect to the winding 
resistance r. Equation (10) becomes zero when the condition 
in (11), which depends on the resonance frequency and the 
coil parameters, is satisfied. As the thermistor resistance Rth 
deviates further from the condition given in (11), the absolute 

value of (10) increases. In other words, the variation in the 
primary-side impedance Z1 with respect to the winding 
resistance r becomes larger. As a result, the variation in the 
input power PDC of the temperature detection circuit also 
increases. Therefore, the temperature detection error is 
expected to increase as the thermistor resistance Rth deviates 
farther from the condition given in (11). On the other hand, 
when the thermistor resistance Rth is close to the condition in 
(11), the primary-side impedance Z1 and the input power PDC 
of the temperature detection circuit are robust against 
variations in the winding resistance r. Consequently, the 
temperature detection error is reduced. 

 
( )

2

0

1

th

M
Z r

r R


= +

+
 () 

 
( )

( )

2

01

2

th

1
MZ

r r R


= −

 +
 () 

 
th 0R M r= −  () 

B. Simulation 

The effect of variations in winding resistance on the 
accuracy of temperature detection was investigated using a 
simulation. Table 1 shows the parameters for the simulation. 

 

Fig. 2. Configuration of proposed temperature detection system. 
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Fig. 3. Block diagram of temperature detection. 

Temperature

detection

circuit

Equation (7)Coefficient
a, b, c

Tdtc

×
PDC

IDC

VDC



The thermistor resistance satisfying the condition of (11) is Rth 

= 1.29 . According to (8), a copper winding with a resistance 

of 100 m at room temperature (assumed here to be 25°C) 

has a resistance of 150 m at 150°C. In this study, simulations 
were conducted for thermistors whose resistances at 25°C 

were 1, 10, and 20 . The B-constant was 2750 K for all 
thermistors. First, the temperature characteristic model of the 
input power was built for each thermistor based on the method 
described in the previous chapter. Next, the thermistor 
resistance was fixed at values corresponding to 50°C, 100°C, 
and 150°C, while the winding resistances r1 and r2 were varied 

from 100 m to 150 m in steps of 10 m. For each 
condition, the thermistor temperature Tdtc was then calculated 
from the input power using the temperature characteristic 
model. 

Fig. 4 shows the simulation results. The results for 
thermistors with resistances of 1, 10, and 20 Ω at 25°C are 
shown by the circles, squares, and triangles plots, respectively. 
In Fig. 4 (a), (b) and (c), the thermistor temperature are 
assumed to be 50°C, 100°C and 150°C, respectively. The 
legend shows the thermistor resistance at each temperature. 
The results indicate that as the winding resistance increases 
relative to the conditions used to develop the regression model, 
the temperature detection error also increases. The results also 
show that the closer the thermistor resistance is to the 
conditions in (7), the smaller the temperature detection error. 
At 50°C, the best temperature-detection accuracy is achieved 
with a thermistor whose resistance is 1 Ω at 25°C. From these 
results, it is confirmed that as the thermistor resistance 
approaches the condition in (7), the input power of the 
temperature detection circuit becomes more robust to 
variations in winding resistance, and the temperature detection 
error is reduced. 

IV. TEMPERATURE DETECTION EXPERIMENTS 

A. Prototype System 

In the previous section, a design method for thermistor 
resistance was presented that can reduce the influence of 
variations in winding resistance on temperature-detection 
accuracy. This section describes experiments conducted with 
a prototype system that employs a thermistor (BN-
LG25Y1R0MYB) with a resistance of 1 Ω at 25°C. The 
characteristics of the thermistor are as follows: The B constant 
(25°C/85°C) is B = 2750K. The rated power is 7 W. The rated 
current is 15 A at ambient temperatures between 0°C and 25°C, 
and it decreases linearly above 25°C, reaching 0 A at 200°C. 

Table 2 shows the designed circuit parameters. The DC 
input voltage VDC was determined to ensure that the 
secondary-side current I2 and secondary-side power P2 do not 
exceed the rated values of the thermistor. The value of 
secondary-side capacitor C2 was determined considering the 
inductance of the cable connecting the WPT system to the 
thermistor in the thermostatic chamber. The cable is long, with 

an inductance of 1.15 H, which is large compared to the 
inductances of the primary- and secondary-side coils. 

The experimental setup was configured as follows. A 
solenoid coil with a diameter of 75 mm, a length of 3.2 mm 
and 6 turns is used for both the primary-side and secondary-
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Fig. 4. Temperature detection error caused by variations in winding 

resistance. (a) T = 50°C. (b) T = 100°C. (c) T = 150°C 
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TABLE I.  PARAMETERS FOR SIMULATION. 

Parameter Symbol Value 

DC input voltage VDC 3 V 

Resonant frequency f 100 kHz 

Coil inductance L1, L2 7.4 H 

Coil windng resistance @ 25°C r1, r2 100 m 

Resonant capacitor C1, C2 342 nF 

Coupling coefficient k 0.3 

Mutual inductance M 2.22 H 

 



side. The coils were placed 11.5 mm apart. The coils are 
intended to be attached around the shaft of a PMSM. However, 
the experiment in this paper was conducted without attaching 
the coils around the shaft in order to simplify the experimental 
setup and to neglect the effects of iron losses. Furthermore, the 
secondary-side circuit corresponding to the rotating part was 
not rotated. Only the thermistor was placed in the thermostatic 
chamber, and the temperature was varied. The thermocouple 
attached to the thermistor measured its actual temperature. 

B. Temperature Characteristic of Input Power 

Fig. 5 shows the input power of the prototype temperature 
detection circuit. The measured values are fitted by (6). The 
coefficients of the regression curve are a = 4.77, b = 0.0259, c 
= 1.26. The regression curve of the input power PDC decreases 
monotonically as the thermistor temperature T increases. This 
equals the theoretical characteristic. This characteristic 
ensures that the thermistor temperature is uniquely determined 
from the measured DC power. 

C. Temperature-Detection Accuracy 

The temperature-detection accuracy of the proposed 
method has been verified. The thermistor temperature was 
varied by a thermostatic chamber to simulate the heating 
during operation and cooling during shutdown of a PMSM. 
Fig. 6 shows the experimental results. Fig. 6 (a) indicates that 
the input power PDC decreases as the thermistor temperature T 
increases, and PDC increases as T falls. This result is consistent 

with the input power characteristics shown in the previous 
section. Fig. 6 (b) shows the temperature Tdtc detected by (7) 
and the detection error. The detected temperature Tdtc varies in 
accordance with the actual thermistor temperature T. The 
proposed method achieves temperature detection with an 
accuracy of ±4°C. 

V. CONCLUSION 

This paper proposed a magnet temperature detection 
method for PMSMs using a WPT system and an NTC 
thermistor, and verified its temperature-detection accuracy 
and robustness to variations in circuit parameters. First, the 
principle of the proposed method was clarified theoretically. 
It was shown that the DC input power of the temperature 
detection circuit varies monotonically with the thermistor 
resistance and, therefore, with the thermistor temperature. 
This one-to-one relationship enables thermistor temperature 
detection from the measured DC input power. Next, the effect 
of variations in winding resistance on temperature-detection 
accuracy was analyzed. The analysis showed that the 
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Fig. 6. Tempetarure detection results. (a) Time variation in input power 

of temperature detection circuit. (b) Detected temperature and detection 

error. 
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TABLE II.  PARAMETERS FOR PROTOTYPE SYSTEM. 

Parameter Symbol Value 

DC input voltage VDC 5 V 

Resonant frequency f 100 kHz 

Primary coil inductance L1 7.4 H 

Secondary coil inductance L2 7.4 H 

Primary coil windng resistance r1 120 m 

Secondary coil windng resistance r2 130 m 

Primary resonant capacitor C1 341 nF 

Secondary resonant capacitor C2 285 nF 

Coupling coefficient k 0.293 

Mutual inductance M 2.17 H 

 

 

Fig. 5. Input power variation with thermistor temperature. 
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sensitivity of the primary-side impedance to winding 
resistance depends on the thermistor resistance and becomes 
zero under the derived condition. Simulation results 
demonstrated that the temperature detection error decreases 
when the thermistor resistance is selected to be close to this 
condition. Finally, a prototype system was constructed, and its 
input-power characteristic and temperature-detection 
accuracy were experimentally evaluated. The experimental 
results confirmed that the input power decreases 
monotonically as the thermistor temperature increases, in 
agreement with the theoretical analysis, and that the proposed 
method achieved a detection accuracy of ±4°C. These results 
confirm the validity of the proposed detection principle and 
provide a useful design guideline for selecting thermistor 
resistance to improve robustness to variations in winding 
resistance. 
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