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Electromagnetic Field-Temperature Field Iterative Calculation Method of

Canned Permanent Magnet Synchronous Motor for Vacuum Pump

MU Haiqi, ZHOU Shuhao, YU Tianhao, LUN Shuxian *
(School of Control Science and Engineering, Bohai University, Jinzhou 121210, China)

Abstract: The shielded permanent magnet synchronous motor
for vacuum pump is seriously heated, so it is of great
significance to accurately predict its temperature at the design
stage for the safe and stable operation of the vacuum pump
system. In view of the fact that the current two-way coupling
calculation method of electromagnetic field-temperature field
of motor can only consider the influence of temperature on the
physical properties of motor materials, a mutual iterative
calculation method of electromagnetic field-temperature field
of motor is proposed. This method can not only consider the
influence of temperature on the loss of motor and the magnetic
properties of permanent magnet, but also consider the
influence of temperature on the thermal conductivity and heat
dissipation capacity of motor components, so that the
prediction of electromagnetic field and temperature field of
motor is more in line with the actual situation. Taking a 1.5
kW shielded permanent magnet synchronous motor as the
research object, the electromagnetic performance and
temperature characteristics of the motor are analyzed by using
the proposed method, and the analysis results are compared
with the electromagnetic thermal two-way coupling calculation
results. In addition, the influence of ambient temperature on
the temperature rise of the motor is studied by using the
proposed mutual iteration method. This study can not only
provide a theoretical basis for the optimal design of the
shielded permanent magnet synchronous motor, but also
provide a reference for its operational safety and reliability.
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Synchronous Motor for Vacuum Pump
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method flow chart
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Tab.1 Main parameters of motor
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Fig.2 Finite element calculation model of motor

electromagnetic field
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Fig.3 Finite element calculation model diagram of

motor temperature field
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Fig.4 Comparative analysis of air gap flux density
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Fig.5 Comparative analysis diagram of no-load back

electromotive force of motor
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of motor

ML 6 Hal LU i, SR PR 5 ik 345 1) 4
FEAT Bt A £ 255 1 1 i 18 R AR 3 45 R A7 A
ZE0 o HEE N 20% N 100% B, 2R
R AR B AER N T 88.71 W, SR A B AH AR A
HRERAIN T 86.17 W, 246358 K 100% i, %
) R A A AT AR FE S 112.21 W, R BAH %
P38 B HRFE K 108.77 W, LIS 1 3 AH 2% Bt
KAET 3.15% o FERJEHFIRRE T, AR SCR
FH O B R AT 7 A A AR LU RE AL #8 B v
A EAFRE /I, 33X 2 R Ok SR I R %6 AR TA AR R AR
JE % e T SRR IR R B R B R
THEZ BAR T & BL T AR, DT B4 11
PHABRRAR . S FE 5 284 i i BEAE B AE HE, B L S
FFEI /N o

P AL P R B 0 B 8 A AN 1] 7 TR A
TR LLE W B A AR R B A N T
MR . HHEE M 0 3G & 100% B, 2R AL n]

A B B BRFEIE N T 5.35 W, R HAH %
AR B ERFESE I 1 5.28 W, RN
60% IS, R F XUl 45 32 A B Bk A 26.3 W,
K EAAEACE R BB ALy 26.5 W, P & A
ZERROR,MZE T 0.9% o A SCR AT HAH %A
Jr PR BRAE R, X T H S8 TR E
AL A A 2R BOR IR 2R RO R ), 45 2
I BRFE B K o

E7 mBHlgkFEITLE
Fig.7 Comparative analysis diagram of iron loss

of motor
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motor rotor
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efficiency
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Fig. 11 Comparative analysis diagram of motor
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Fig. 12 Comparative analysis diagram of motor

temperature
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rise diagram
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The shielded permanent magnet synchronous
motor for vacuum pump is seriously heated, so it is
of great significance to accurately predict its
temperature at the design stage for the safe and stable
operation of the vacuum pump system. In view of the
fact that the current two-way coupling calculation
method of electromagnetic field-temperature field of
motor can only consider the influence of temperature
on the physical properties of motor materials, this
paper proposes a mutual iterative calculation method
of electromagnetic field-temperature field of motor.
This method can not only consider the influence of
temperature on the loss of motor and the magnetic
properties of permanent magnet, but also consider
the influence of temperature on the thermal
conductivity and heat dissipation capacity of motor
components, so that the prediction of electromagnetic
field and temperature field of motor is more in line
with the actual situation.

The finite element calculation model of the

electromagnetic field of the motor is shown in Fig.1.

Fig.1 Finite element calculation model of motor

electromagnetic field

Ambient temperature is a key parameter of
motor operation, which will directly affect the heat
dissipation and working efficiency of the motor. High
temperature  environment may lead to motor
overheating, reduce efficiency, and even shorten the
life of the motor. Therefore, it is very important to
understand the performance changes of the motor
different conditions.  The

under temperature

relationship  between ambient temperature and

temperature rise is shown in Fig.2.

Fig.2 Comparative analysis of motor temperature

rise diagram

The mutual iteration method proposed in this
paper focuses on the influence of temperature on the
thermal characteristic parameters of the motor. And
it considers the influence of thermal conductivity and
heat dissipation coefficient in the temperature field,
resulting in a lower temperature relative to the two-
way coupling method, which is closer to the actual
situation and provides accuracy for the later analysis
of the electromagnetic and thermal characteristics of

the motor.
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