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Abstract: [ Objective ] Canned

synchronous motor ( CPMSM ) is widely used in nuclear

permanent  magnet
power, chemical, and other harsh environments due to the
sealing properties of its shielding can. However, eddy current
losses in the shielding can lead to significant temperature
rise, adversely affecting motor performance. To mitigate these
losses and thermal effects while enhancing electromagnetic
performance and thermal stability, this paper systematically
investigates the electromagnetic-thermal coupling effects of
shielding can materials, with a focus on exploring the
application potential of non-metallic ceramic materials in

[ Methods] In this study, a CPMSM with
rated power of 1.5 kW and a speed of 9 000 r/min was

canned motors.

selected as the research object, and a two-dimensional finite
element model was constructed, and the shielding can of three
materials with different physical properties, were compared
and analyzed by using the two-way coupling iterative algorithm
of electromagnetic field and temperature field. The effects of
physical properties of shielding can materials on the induced
electromotive force, air gap magnetic density, loss, torque
and efficiency of motors were studied, and their temperature
distribution characteristics were deeply analyzed. [Results]
The research results demonstrated that when silicon nitride
(Si;N,) material was used as the motor shielding sleeve, its

insulating properties effectively suppressed eddy current
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losses, improved motor efficiency and output torque, and
increased the fundamental amplitude of the induced
electromotive force by more than 11%. Compared to SUS316
and SUS430 materials, Si;N, ensured more uniform
temperature distribution and lower thermal rise in motors.
Notably, permanent magnet temperatures were reduced by
30% when using Si;N, as the shielding material compared to
SUS316. [Conclusion] As a new high-performance shielding
can material, Si;N, has excellent characteristics such as
electrical insulation, mnon-magnetism and high thermal
conductivity. It can effectively suppress eddy current,
optimize electromagnetic characteristics and enhance the
thermal stability of motor. It has an important application
prospect in the design of efficient, reliable and low loss
motor.

Key words: canned permanent magnet synchronous motor;
electromagnetic-thermal coupling effects; eddy current loss;

silicon nitride
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Fig.1 Flowchart of electromagnetic-thermal
bidirectional iterative calculation
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Tab.1 Main parameters of the CPMSM

SRR ZHUE
B T/ kW 1.5
HEH R/ V 200
FE F4ME/mm 107
FE T4/ mm 50.5
SBRE/ mm 0.5
Al B/ mm 25
BT/ (romin") 9 000
iR 9
TR AT N38UH
Ji# S 5L BE / mm 0.5
e x4 3
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B2 CPMSM AIRTHER
Fig.2 Finite element model of the CPMSM
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Tab.2 Comparison of physical parameters of

three materials

BER SUS316 SUS430 Si;N,
AFX G 54 1.0~1.05 200~ 600 1.0
LB/ (uQ - m) 0.75 0.75 10"
PFH/(W-m™ -K) 15 25 90
HFHRET RS/ (¢ 0.001 0.000 6 -
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Fig.3 Influence of different shielding can materials on

air-gap magnetic flux density in motors
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4 AER#EM RSB LR B ZhE R0
Fig.4 Influence of different shielding can materials
on induced electromotive force in motors
DY & &S AR IE KNP
*3 AEBRHREMBBEIESHRSRE
Tab.3 Loss components of the motor with different

shielding can materials

BERCE R SUS316 SUS430 Si;N,
TEFHRFE/ W 32.79 20.63 32.79
SRLAHFE/W 43.07 43.07 43.07
TR IR FE/ W 6.53 2.28 6.53
FEFRHCE RN/ W 462.32 580.15 0
T RERCE R AW 13.21 13.22 5.98
MAFE/W 557.92 659.35 88.40

H % 3 AT AL, 24 H L T B B M ORER
Si,N, B, HL AL S 45 FE A B T SUS316 FEAR T
84.15% A% T SUS430 F#K T 86.59% , iX &
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P I H B AR W #ERH 2%, 78 L ALIZ 7 i 7
JFR 2 IX S 2 Sy IR AL, B RS 23 7R AR TR
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50, HELS WAL S BE M ORSR SN, |
SUS316 Fil SUS430 B, Fifi 5 17 25 A9, FHLAL
RIEREINEE S

B 5 AEZEFREHEMRBYRENZN
Fig.5 Influence of different stator shielding can

materials on motor efficiency
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Fig. 6 Motor torque under three different stator

shielding can materials
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Fig.7 3D model of CPMSM temperature field
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Tab.4 The maximum temperature of the motor during

the iteration process

A T A L i HR B/ <C

BARIREL
SUS316 SUS430 Si,N,
1 125.61 140.2 95.307
2 135.307 152.41 98.188
3 136.188 155.41 102.019
4 137.019 154.27 102.38
5 137.6 154.8 -

8 CPMSM BIKRESH
Fig.8 Overall temperature distribution of the CPMSM
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B9 RIKEERESS
Fig. 9 Temperature distribution of permanent

magnet of the motor
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Fig. 10 Temperature distribution of solt

insulation of the motor
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