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Abstract ;

suspension linear motor ( FSMSLM ) has a limited heat

[ Objective ] The flux switching magnetic

dissipation space and concentrated heat sources, which can
lead to significant temperature rise and adversely affect its
operation. To address this, the losses in various motor
components are calculated, and a temperature field simulation
is performed to design a targeted cooling system that ensures
efficient heat dissipation. [Methods] Firstly, the structure
and operating principle of the FSMSLM were introduced,
followed by the calculation of losses and heat generation rates
for each motor component. A mathematical model of the
temperature field was established, and the thermal
conductivity coefficients of the motor components were
obtained using empirical formula. The convective heat
transfer coefficients for the relevant surfaces were derived by
combining simulation results of the external flow field with the
empirical formulas. Finally, finite element simulations were
carried out to determine the overall temperature distribution of
the FSMSLM under rated operating conditions, as well as the
temperature distribution of key components. Based on these
temperature distributions and the FSMSLM ’ s structural
characteristics, two cooling solutions were designed: A series-
type water cooling pipeline and a parallel-type water cooling
pipeline. CFD software was used to simulate the temperature
field of the FSMSLM after the cooling systems were installed.
[Results ] The simulation results showed that the heat
generation was concentrated in the winding part. Under rated
operating conditions, the overall temperature of FSMSLM
ranged from 200.29 °C to 209.68 C , exceeding the maximum
allowable operating temperature of 180 C for H-class
insulating materials. After the installation of parallel-type and
series-type water cooling pipelines with 10 mm nozzle height,

the maximum temperature of the motor decreased to 79.70 C

and 61.48 °C, respectively. A water cooling pipeline with a

nozzle height of 20 mm demonstrated an 8% improvement in
cooling performance compared to a 10 mm nozzle, while the
pressure difference in the pipeline was reduced by more than
50% . Under the same inlet water flow velocity, the series-
type water cooling pipeline provided better cooling
performance, with its cooling performance about 8.7% higher
than that of the parallel-type. However, the inlet-outlet
pressure difference for the series-type cooling pipeline was 6
times to 8 times that of the parallel-type. [Conclusion] The
simulation results confirm the necessity of the cooling system.
Considering  both  cooling effectiveness and  economic
feasibility, a parallel-type water cooling pipeline with a nozzle
height of 10 mm has been selected as the cooling solution for
the FSMSLM.

Key words: flux switching; temperature field; magnetic

suspension linear motor; loss calculation; cooling system
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Fig.1 Structural diagram of FSMSLM
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Tab.1 Main parameters of FSMSLM
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BEEE/( mes™") 2.88
HLREHE )1 /N 280
T 57E/mm 36
B F14 96/ mm 10.5
B 1) K2 /mm 135
SR E/mm 3
AHEL 3
il s 56 21 I %5 100
FELAIX B8 20 I 4 120
BHITTR K

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



IMESE 55 T U G R LA T S B R GE i

86 SUN Yuhao, et al; Thermal Analysis and Cooling System Design of Flux Switching Magnetic Suspension Linear Motor

1.2 FSMSLM T 1R
1.2.1 Eaddn# Rz

it D) 40 4 P X S48 A S L 7 A
Rt 7F ) 1 F0 2 F 1] 4 JR 09 9 B0 4 2 46t 1Y) act
R AR ARSI R R R W A G AR
fRAEBLINE 2 s, HUA SR OB RiEkE F T I
2Rt A SR R 15 R B30 Bt 1 1 Y A
A 15, ORI [ R R, R L s 3k
0; LA BN 90° T, shFiz sh 3 174 JEI, sh -+
R5E TR PLES, G E A 0 A S8
4, B REGE R 0, 25— P B, R A sk
] F R AR 5 FL A Ol 180° B, BEBE 1 T T &
1o FEL X S8 4 R - 17 3 T RS A6t ) ) A 5 ]
¥, WA 15 R 3 A 0 1 e KA, R FL B 34K 0
LA R 2700 B, 28T 58 — P Al 00 B FR oW 56
O, M TFiEsh e — AR EE DL
I FRUE AR — A Y Y

B2 #wmEymrEE
Fig.2 Flux switching diagram
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Fig.3 FSMSLM external flow field
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Fig. 12 Temperature distribution of FSMSLM after
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Fig. 13 Temperature distribution of FSMSLM after

installing water cooling device with 20 mm nozzle height
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