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Abstract: Accurate temperature prediction is vital for the canned permanent magnet
synchronous motor (CPMSM) used in the vacuum pump, as it experiences severe heating.
In this paper, a novel motor temperature calculation method is proposed, which takes
into account the temperature impact on the heat transfer capacity. In contrast to existing
electromagnetic-thermal coupled calculation methods, which solely address the temperature
effect on the motor electromagnetic field, the proposed method comprehensively considers
its impact on motor losses, permanent magnet magnetic properties, thermal conductivity, and
heat dissipation ability of motor components, resulting in a motor temperature simulation
that closely resembles the actual physical process. To verify the reliability of the proposed
temperature calculation method, a 1.5 kW CPMSM was chosen as the research subject.
The method was used to analyze the temperature distribution characteristics of the motor
and assess the impact of ambient temperature on motor temperature rise. Furthermore, a
prototype was fabricated, and an experimental platform was established to test the motor
temperature. The results demonstrate good agreement between the calculated results obtained
using the proposed method and the experimental data. This research not only provides a
theoretical foundation for optimizing the design of the CPMSM but also provides valuable
insights into its operational safety and reliability.
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1. Introduction

Vacuum pumps are extensively applied in fields such as chemical engineering, integrated
circuit manufacturing, and the nuclear industry due to their advantages of safety, high efficiency,
and leakage-free operation [1]. To improve the efficiency of the vacuum pump, canned permanent
magnet synchronous motors (CPMSMs) are commonly used for driving vacuum pumps [2].
Compared with conventional PMSMs, CPMSMs require the installation of a can sleeve inside
the stator to prevent vacuum leakage. The can sleeve is closely attached to the inner surface of
the stator, resulting in additional eddy current losses under the action of the rotating magnetic
field in the air gap, thereby leading to an increase in motor temperature [3]. Additionally, the rotor
of the CPMSM used in vacuum pumps operates in a vacuum environment, and the heat transfer
relies solely on radiation for cooling. The inferior heat dissipation conditions for the rotor make
it more susceptible to overheating compared to conventional permanent magnet synchronous
motors (PMSMs), possibly leading to irreversible demagnetization of the permanent magnets [4].
Therefore, accurately calculating the temperature of the CPMSM used in vacuum pumps is
of practical significance in improving the prediction accuracy of the motor electromagnetic
performance and ensuring its safe and reliable operation.

Extensive researches have been conducted on the temperature calculation of the canned
motor [5–9]. Currently, the calculation methods for motor temperature mainly include the thermal
circuit method, equivalent thermal network method, and finite element method. However, the
thermal circuit method can only estimate the average temperature of windings and stator cores,
and cannot fully characterize the temperature distribution and the location and values of hotspots.
Therefore, the temperature field of canned motors used in vacuum pumps is mostly analyzed using
the equivalent thermal network method and the finite element method. In [10], an equivalent
thermal network programwas developed for the rapid analysis of the steady-state temperature of the
canned switched reluctance motor. However, the specific process of heat transfer between the stator,
rotor can, and the air gap was not provided. Yu Q. et al. proposed a lumped parameter thermal
network model with compensation components to calculate the temperature of the CPMSM, which
has the advantages of requiring fewer computational resources and a fast calculation speed [11].
Although the equivalent thermal network method has lower hardware resource requirements,
its calculation accuracy is slightly lower than that of the finite element method. An Y. et al.
investigated the temperature field of a single-phase canned induction motor (CIM) used in vacuum
pumps using three-dimensional finite element method. By comparing it with experimental data, it
is found that the finite element method exhibits a high accuracy [12]. In [13], a three-dimensional
finite element model with electromagnetic-thermal unidirectional coupling was established for a
vacuum pump switch reluctance motor, and this model was used to analyze the motor temperature
field. The analysis results revealed that the rotor of the switch reluctance motor experiences the
most severe heating among all the components. In [14], a fluid-solid unidirectional coupling
method was employed to analyze the temperature of a CIM used in a nuclear pump, and the flow
velocity distribution and the motor temperature distribution were computed. To further enhance the
accuracy of the motor temperature calculation, Li Y proposed using an electromagnetic-thermal
bidirectional coupling method to compute the temperature of an 8 kW PMSM used in traction,
and the distribution law of motor temperature field was obtained [15].
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The CPMSM exhibits a bidirectional coupling relationship between its temperature field,
electromagnetic field, and fluid field. Temperature influences both the electromagnetic field through
changes in material electromagnetic properties and the temperature distribution by altering the
material thermal parameters. However, to the best of the author knowledge, there is currently
no temperature calculation method that considers the temperature influence on the motor heat
transfer capability. Therefore, this paper proposes a motor temperature calculation method that
considers the temperature impact on heat transfer capability to enhance the accuracy of temperature
calculation for the CPMSM. The proposed method enables a comprehensive simulation of the
actual motor heat dissipation process, significantly enhancing motor temperature prediction
accuracy, and ensuring safe and reliable motor operation.

The structure of this paper is organized as follows: the proposed temperature calculation
method is introduced in Section 2. The proposed method is applied in Section 3 to compute the
motor temperature and analyze the influence of ambient temperature on the motor temperature
rise. The proposed temperature calculation method is validated through experiments in Section 4,
and the conclusion is presented in Section 5.

2. Motor temperature calculation method considering the influence of
temperature on heat-transfer capacity

2.1. The temperature calculation process
The calculation process of the proposed method is illustrated in Fig. 1.
In Fig. 1, the temperature solution process involves the following steps:
1. Set the initial temperature, typically the ambient temperature, as the temperature for all

components of the motor.
2. Determine material properties, thermal characteristics, and fluid medium parameters based

on the initial temperature, and separately calculate the electromagnetic and fluid fields.
3. Transfer the calculated losses (copper loss, core loss, can loss, and rotor eddy current

loss) and heat dissipation conditions into the temperature model to compute the motor
temperature distribution.

4. The iteration converges; when the temperature differences between the results obtained in
this iteration and the results obtained in the last iteration of the permanent magnet, winding,
can sleeve, and fluid temperatures are less than ε, the iteration is defined to be convergent. If
not, update the component temperatures in the electromagnetic, fluid, and temperature fields,
and reiterate the losses and motor output characteristics calculation in the electromagnetic
field until the temperature differences are smaller than ε. ε is a threshold value set for
judging iterative convergence.

The smaller the threshold ε is, the higher the calculation accuracy is, but the iteration time
increases accordingly. According to the IEC60034-2, if the temperature difference between
the front and rear of the motor does not exceed 1◦C within one hour after operating under its
specified conditions for a certain period of time, it indicates that the temperature of the motor has
stabilized. Therefore, the threshold ε is determined as 1◦C in this study. We have supplemented
this information about ε in the revised manuscript based on your feedback.
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Fig. 1. Solution process for proposed temperature calculation method

2.2. The temperature calculation process
The losses of a CPMSM include copper loss, core loss, can loss, rotor eddy current loss,

and mechanical loss, where mechanical loss is obtained empirically [16]. Therefore, this section
mainly introduces the calculation methods of other losses.

The copper loss of stator winding mainly refers to the loss generated by the working current in
the winding resistance, which can be calculated according to Eq. (1) [17].

pcu = mI2RAC
RAC = k1RRDC
RDC = ρl/A

, (1)

where: m is the phase number, I is the phase current, RAC is AC resistance considering the
proximity effect, k1R is the proximity effect coefficient for the armature resistance, RDC is DC
resistance, l is the axial length of the winding, A is the cross-sectional area of the conductor, ρ is
the electrical resistivity of the winding.



Vol. 73 (2024) A novel temperature calculation method of canned permanent magnet 91

The electrical conductivity of copper is ρ15 = 0.0175 × 10−6 Ω·m at a temperature of 15◦.
The resistivity is related to the temperature, and within the normal operating temperature range of
the motor, and the relationship between temperature and resistance is shown in Eq. (2) [18].

ρi = ρ15 [1 + α (T − T15)] , (2)

where α is the temperature coefficient of resistance, for the copper, α ≈ 0.004◦C−1.
Equations (1) and (2) consider the influence of temperature on the resistance of the stator

winding. In the process of temperature calculation, the resistance used for stator copper loss in
each iteration is determined by Eqs. (1) and (2), as well as the temperature obtained in the last
iteration.

The calculation of core loss is based on the Bertotti loss model, which can be divided into three
parts: hysteresis loss, eddy current loss, and excess loss. However, as the excess loss is negligible
due to its small contribution, the equation for calculating core losses is [19]:

pFe = ph + pe = kh f Bαm
m + ke f 2B2

m, (3)

where: ph , pe are hysteresis loss and eddy current loss, respectively, and Bm is the magnetic flux
density of the core. kh is a material dependent constant, and ke is also a material dependent
constant that is proportional to the square of the material thickness. In addition, kh and ke involve
the increase in losses due to metallurgical and manufacturing processes. In general, kh and ke are
determined by manufacturer’s experiments and provided to consumers.

The flux density of the CPMSM is mainly produced by permanent magnets. At present,
the permanent magnets are mainly Nd–Fe–B. The disadvantages of Nd–Fe–B are low Curie
temperature, generally about 310 ∼ 410◦, and high temperature coefficient, with the temperature
coefficient of the remanence Br is –0.13% K−1 and the coercivity Hc is −0.6 ∼ −0.7% K−1 [20].

The calculation equation for the remanence considering temperature influence is [21]:

Br =
[
1 + (T − 20)

αBr
100

] (
1 −

IL
100

)
Br20 , (4)

where: T is the operating temperature of the permanent magnets, αBr is the temperature coefficient
of the Br , Br20 is the remanence of permanent magnets under the ambient temperature 20◦, IL is
irreversible loss of magnetic properties of permanent magnets. Due to the fact that the temperature
of permanent magnets did not reach the Curie temperature in this study, it is assumed that the
permanent magnet did not undergo irreversible demagnetization.

The calculation equation for the coercivity considering temperature influence is [21]:

Hc =
[
1 + (T − 20)

αHc

100

] (
1 −

IL
100

)
Hc20 , (5)

where: αHc is the temperature coefficient of the Hc , Hc20 is the coercivity of permanent magnets
under the ambient temperature 20◦.

In the iterative calculation of temperature, the magnetic properties of the permanent magnets
and the core loss used in temperature calculation are determined by Eqs. (3)–(5) and the temperature
obtained in the last iteration, respectively.

In addition, the computation of can loss and rotor eddy current loss requires considering not
only the temperature influence on the remanence and coercivity of the permanent magnets but
also its effect on the material conductivity, which influences the eddy current losses.
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2.3. Thermal conductivity and dissipation coefficient considering temperature influence
The motor operates as a heat transfer system with an internal heat source, primarily involving

heat conduction and convection processes. According to the fundamental principles of heat transfer,
this process depends directly on the medium thermal conductivity and dissipation coefficient.
Therefore, when calculating the motor steady-state temperature, the focus lies on studying the
thermal conductivity and dissipation coefficient within the motor.

The thermal conductivity is affected by the material properties, and it varies with factors such
as temperature, pressure, humidity, porosity, and uniformity for a given material. Temperature
usually plays a decisive role, and the thermal conductivity can be roughly approximated to change
linearly [22].

λ = λ0 (1 + bTa) , (6)

where: λ0 is the thermal conductivity at 0◦, b is the temperature coefficient, and Ta is the actual
temperature of the material.

Based on [22], the temperature coefficient of thermal conductivity of silicon steel sheet is
3 × 10−2 °C−1, that of winding copper is −0.2 × 10−2 °C−1, that of steel is −4 × 10−2 °C−1, and
that of insulation material is 0.16 ∼ 0.3 × 10−2 °C−1. The heat transfer coefficient of the housing
surface can be calculated according to the following Eq. (7) [23].

γ = 14
(
1 + 0.5

√
ω1

)
3

√(
θ

25

)
, (7)

where: γ is the heat transfer coefficient of the housing surface, ω1 is the wind speed on the inner
wall of the housing, and θ is the outer surface temperature of the housing.

Equation (8) can be used for calculating the heat transfer coefficient for water cooling
mode [23, 24].

γw = 91.8ω1.8
(
39.5 + θ0.35

)
d−0.2, (8)

where d is the diameter of the cooling channel.
Equations (6)–(8) relate to the influence of temperature on the thermal conductivity of materials,

the heat convection coefficients of the housing surface and the cooling channel, respectively. In the
iterative calculation of temperature, these heat transfer conditions are determined by Eqs. (6)–(8)
and the temperature obtained in the last iteration.

3. Calculation model and conditions of temperature field

3.1. Calculation model of electromagnetic field and temperature field
In this study, a 1.5 kW CPMSM is taken as the research object, and its loss and temperature

field are analyzed by using the proposed method. The basic parameters of the motor are shown in
Table 1.

To validate the correctness and accuracy of the proposed method, a two-dimensional finite
element model is established according to the parameters in Table 1, as shown in Fig. 2.

Figure 2 also includes the mesh results of the finite element model, the distribution of magnetic
lines and flux density under the no-load operating conditions of the motor. As can be seen from
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Table 1. The parameters of the CPMSM

Parameters Value

Rated power (kW) 1.5

Phase number 3

Pole number 6

Rated frequency (Hz) 400

Can thickness (mm) 0.5

Winding connection type Y

Stator slots 9

Polar arc coefficient 0.97

Thickness of PM (mm) 2.5

Stator length (mm) 23

Stator outside diameter (mm) 107

Rotor outside diameter (mm) 46

Grade of the permanent magnet N38UH

Stator/rotor core material DW465-50

Fig. 2, the stator of the motor adopts assembled structure, which is beneficial to improve the slot
fill factor and the motor efficiency. The rotor adopts surface-mounted magnetic pole structure,
which is easy to optimize and improve the performance of the motor. In addition, a temperature

Fig. 2. FEA model of the 1.5 kW CPMSM
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calculation model for the CPMSM was developed and illustrated in Fig. 3. The temperature
calculation model includes stator windings, stator core, winding insulation, slot wedges, can sleeve,
permanent magnets, rotor core, and housing.

Fig. 3. Temperature field calculation model

3.2. Boundary conditions
The CPMSM incorporates a helical waterway structure to achieve advantages such as uniform

motor temperature distribution, minimal inlet-outlet pressure difference, and a straightforward
manufacturing process.

The fluid-structure coupling method is utilized in this study to simulate the fluid flow within
the motor cooling channel. By adopting this approach, it becomes possible to obtain the heat
transfer coefficient within the fluid domain and directly relate it to the temperature calculation
model. Consequently, this method effectively solves the challenge of determining the heat transfer
coefficient at the interface between the fluid and solid materials.

In fluid calculations, the first assumption is that the cooling liquid enters the cooling waterway
perpendicular to the housing. The second assumption is that the cooling liquid carries away all
the losses generated by the motor. This is because the thermal balance of a motor is a dynamic
process, where the heat generated by the motor is equal to the heat dissipated at any moment when
the motor reaches thermal steady-state. The heat dissipation form of the motor includes convective
heat dissipation from the cooling channel, natural heat dissipation from the housing, and thermal
radiation, but the heat dissipation from natural heat dissipation and thermal radiation is limited
compared to the heat dissipation from the cooling channel, so this assumption is made. Therefore,
allowing for the determination of the flow velocity of the cooling liquid.

Ploss = Gcp (Tout − Tin) , (9)
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where: G is the flow rate, Tout is the outlet temperature, Tin is the inlet temperature and cp is the
specific heat capacity.

The function of Eq. (9) is to determine the flow rate of coolant in the cooling channel based on
the above assumed conditions.

Assuming that the temperature difference between the inlet and outlet is 5 K, the specific heat
capacity of water is 4.2 × 103 J/(kg·K), and the calculated G = 0.214 kg/s, the available flow
velocity µ is 2.5 m/s.

The helical waterway entrance is assigned as the velocity inlet boundary condition when
calculating the fluid field of the CPMSM, with the velocity of 2.5 m/s. The helical waterway
outlet is set as the pressure boundary condition with a pressure equivalent to standard atmospheric
pressure as cooling liquid is incompressible, and the ambient temperature is set to 25◦C.

The fluid field of the cooling liquid inside the motor waterway can be calculated by the finite
element method based on the given assumptions and boundary conditions. Figure 4(a) displays the
velocity distribution of the cooling liquid in the helical waterway, while Fig. 4(b) illustrates the
pressure distribution of the cooling liquid in the same waterway.

According to Fig. 4(a), the maximum velocity of the cooling liquid inside the waterway
is 2.757 m/s, the minimum velocity is 2.208 m/s, and the average flow velocity is 2.483 m/s.
The uniform cooling liquid flow is conducive to a uniform distribution of motor temperature.
Figure 4(b) shows that the inlet-outlet pressure difference in the waterway is 21 200 Pa, and there
is no significant occurrence of pressure non-uniformity inside the waterway, resulting in low
pressure loss.

(a) (b)

Fig. 4. Distribution of flow velocity and pressure in waterway: velocity distribution (a); pressure distribution (b)

By correlating the above results to the temperature calculation model, the convective heat
dissipation coefficient of the waterway can be obtained, and the result is shown in Fig. 5.

As can be seen from Fig. 5, the maximum of heat dissipation coefficient in the waterway is
13 414.9 (W/m2◦C), and the maximum appears in the middle of the waterway rather than at the
inlet, while the minimum of heat dissipation coefficient is located at the outlet of the waterway.
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Fig. 5. Convective heat dissipation coefficient in waterways

3.3. The calculation results and analysis

The temperature of the CPMSM is calculated using the method proposed in this paper, based
on the losses and the boundary conditions obtained from the finite element model. The temperature
distribution of various components in the CPMSM under rated conditions is shown in Fig. 6.

Fig. 6. Temperature distribution of the CPMSM under the rated operating condition: ensemble (a); permanent
magnet (b); insulation (c); can sleeve (d)
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The maximum temperature of the CPMSM under rated conditions is 114.2◦C, as shown in
Fig. 6(a) and Fig. 6(c), and the maximum location is found at the winding insulation. The CPMSM
is equipped with H-class insulation, which permits a maximum temperature of 180◦C, ensuring the
safety of the winding insulation during motor operation. Additionally, Fig. 6(b) indicates that the
maximum temperature of the permanent magnets is 109◦C. The CPMSM uses Nd-Fe-B magnets
with a grade of N38UH, which have a Curie temperature of 180◦C, providing a significant margin
to ensure the safe and reliable operation. Furthermore, Fig. 6(d) reveals that the temperature of the
can sleeve is relatively high, reaching a minimum temperature of 100.7◦C.

Figure 7 presents the temperature calculation results obtained using electromagnetic-thermal
unidirectional coupling, electromagnetic-thermal bidirectional coupling, and the method proposed
in this paper, and compares these results.

Fig. 7. Comparison of temperature calculation results using different methods

The results from Fig. 7 indicate that the calculations using electromagnetic-thermal unidi-
rectional coupling are higher than those using electromagnetic-thermal bidirectional coupling.
This is because unidirectional coupling neglects the impact of temperature on the resistivity of
the windings and can sleeve, as well as the magnetic properties of the permanent magnets. When
using electromagnetic-thermal bidirectional coupling, although the temperature leads to increased
copper loss, it also decreases core loss and can loss, resulting in an overall reduction in motor
losses. As a result, the temperature calculation results with electromagnetic-thermal bidirectional
coupling are lower than those with electromagnetic-thermal unidirectional coupling. In addition,
the results obtained using the proposed method in this paper are lower than those obtained using
electromagnetic-thermal bidirectional coupling. This is because the proposed method considers
not only the temperature impact on the electromagnetic properties of the material but also its effect
on thermal properties. Considering the temperature impact on the material thermal properties
enhances the motor material thermal conductivity and heat dissipation capability.



98 Ming Li et al. Arch. Elect. Eng.

The results obtained using the proposed method show differences of 2.19% in winding
temperature, 2.21% in permanent magnet temperature, 1.95% in can temperature, and 2.10% in
insulation temperature when compared with the results obtained using electromagnetic-thermal
bidirectional coupling.

3.4. Influence of ambient temperature on motor temperature rise
The vacuum pump-driven motor operates in an environment with a wide range of temperature

variations. When the ambient temperature changes, the electromagnetic field, temperature field, and
fluid field inside the motor also change. The coupling between them becomes more severe, which
poses challenges for the study of motor design and the variation patterns of motor characteristics.
Therefore, it is necessary to study the temperature of the CPMSM under different ambient
temperatures.

The method proposed in this paper was used to calculate the steady-state temperature rise of
the stator winding, can sleeve, insulation, and permanent magnets of the motor under various
ambient temperatures at rated operating condition. The results are shown in Table 2.

Table 2. Influence of ambient temperature on temperature rise of the motor

T-ambient TR-winding TR-PM TR-can TR-insulation

–30◦C 77.3 K 88.4 K 92.1 K 93.8 K

0◦C 75.8 K 86.7 K 90.5 K 91.9 K

30◦C 74.1 K 85.2 K 88.9 K 90.2 K

T – Temperature, TR – Temperature rise

It can be seen from Table 2 that when the ambient temperature is –30◦C, the steady-state
temperature rise of the stator winding, insulation, permanent magnets, and can sleeve is higher than
the situation when the ambient temperature is 30◦C. This is because when the ambient temperature
is –30◦C, the core loss, can loss, and rotor eddy current loss are larger than those when the ambient
temperature is 30◦C. Additionally, the heat conduction and heat dissipation capabilities of the
motor materials are better at 30◦C than at –30◦C, which results in a slightly higher temperature
rise when the ambient temperature is –30◦C compared to the situation at 30◦C. The differences
should be considered in the motor design process, which can reduce the requirements for the
insulation materials.

4. Experimental verification

4.1. Experimental platform
To verify the results of this paper, a prototype was manufactured and an experimental platform

was built, as shown in Fig. 8 and Fig. 9, respectively.
In Fig. 9, the experimental platform consists of the prototype, inverter, torque-speed tester,

dynamometer and its controller, cooling equipment and its controller, adjustable temperature
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chamber, and various measurement devices such as power analyzer, oscilloscope, temperature
monitor, and thermal imaging camera. The prototype inverter utilized is the Kewo AD800N. The
power analyzer employed is Fluke NORMA5000, and the oscilloscope selected is Yokogawa
DL750.

Fig. 8. The prototype

Fig. 9. The experimental platform of the prototype

Figure 10 shows the inside of the adjustable temperature chamber depicted in Fig. 9.
In Fig. 10, the adjustable temperature chamber is used to alter the ambient temperature of the

prototype, with a temperature control range of –50◦C to 50◦C. From Fig. 10, it can be observed that
the prototype is connected to the dynamometer through a coupling. Additionally, the temperature
monitor and inverter are also placed inside the adjustable temperature chamber.
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Fig. 10. The adjustable temperature chamber

4.2. Temperature rise test results

The winding insulation temperature of the prototype is measured by a thermocouple embedded
inside thewinding. The type of the thermocouple isYY-SF-B8-PT100, its temperaturemeasurement
range is –200◦C–200◦C, and its measurement accuracy is 0.1◦C. The motor stator with the
thermocouple is shown in Fig. 11.

Fig. 11. The stator with the thermocouple
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The prototype undergoes temperature measurements under rated load. The cooling liquid flow
rate is set to 1.7 m3/h, and the inlet liquid temperature is set at 20◦C. The tested motor is subjected
to thermal testing at temperature chamber settings of –30◦C, 0◦C, and 30◦C, respectively.

Figure 12 shows the variation curves of the winding insulation temperature of the prototype
under three ambient temperature conditions.

Fig. 12. The winding insulation temperature of the prototype

It can be observed from Fig. 12 that the variation of the insulation temperature is similar under
different ambient temperature conditions, but the temperature rise of the motor is different under
different environmental temperatures. Within 20 minutes, the rate of temperature rise is higher.
With further increase in time, the rate of the insulation temperature rise slows down, and after 70
minutes, the insulation temperature stabilizes. Furthermore, it can be observed from Fig. 12 that
the lowest insulation temperature occurs at an ambient temperature of –30◦C, followed by 0◦C, and
the highest insulation temperature occurs at 30◦C, reaching approximately 100◦C. Compared to
the maximum temperature limit of Class F insulation, it still has a significant temperature margin.

By subtracting the ambient temperature from the steady-state temperature of the winding
insulation, the steady-state temperature rise of the CPMSM under three ambient temperature
conditions can be obtained, as presented in Table 3. Table 3 also provides the corresponding
calculation results of the winding insulation temperature rise to compare.

Table 3 indicates that the steady-state temperature rise of the winding insulation does not
differ significantly under three ambient temperature conditions. This may be because although
the increase in ambient temperature enhances the heat transfer capability, it also deteriorates the
electromagnetic performance of the motor, leading to the heat sources increase. Furthermore,
Table 3 shows that there is good consistency between the calculated and measured values of the
winding insulation temperature rise, with a temperature rise error of approximately 5% under
three ambient temperature conditions.
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Table 3. The temperature rise of winding insulation under different ambient

Ambient temperature Test results Calculated results Error (%)

–30◦C 66.8 K 63.4 K 5.1

0◦C 64.5 K 61.2 K 5.1

30◦C 63.8 K 60.7 K 4.9

5. Conclusions

This paper investigates the relationship between temperature and the physical properties of
motor materials, including thermal parameters, and heat dissipation coefficients. It reveals the
temperature variation characteristics of the CPMSM used in vacuum pumps when considering
the temperature influence. The analysis also examines the impact of ambient temperature on the
motor temperature distribution. The obtained conclusions are as follows:

1. A temperature calculation method is proposed that takes into account the mutual iteration
of multiple physical fields considering temperature effects. This method not only considers
the impact of temperature on motor electromagnetic performance but also incorporates its
influence on motor heat transfer capacity. The research results show that this method can
more closely simulate the actual multi-physical field processes and effectively improve the
accuracy of temperature calculation for CPMSMs.

2. The convective heat transfer coefficient of the motor cooling channel was determined through
fluid-structure coupling calculation. Due to the influence of the cooling channel structure
and internal flow resistance, the maximum of the convective heat transfer coefficient inside
the cooling channel is not at the inlet, and the value is 1.34 × 104 W/m2◦C.

3. The temperature rise of each component in CPMSM is influenced by the ambient temperature.
When the ambient temperature changes from –30◦C to 30◦C, the temperature rise of the
winding decreased by 4.14%, the temperature rise of the permanent magnets decreased by
3.62%, the temperature rise of the can sleeve decreased by 3.47%, and the temperature rise
of the winding insulation decreased by 3.84%.
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