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Finite Element Analysis of the Temperature Field of a Six-Phase Transverse

Magnetic Field Flux Switching Linear Magnetic Suspension Motor

ZHANG Le” , LAN Yipeng
(School of Electrical Engineering, Shenyang University of Technology, Shenyang 110870, China)

Abstract: This study focused on the six-phase transverse
magnetic field flux switching linear magnetic suspension motor
( SPTMFFSLMSM ) wused in rail transit. The armature
windings, excitation windings, and permanent magnets are all
located on the mover iron core, enabling the motor to achieve
traction, levitation, and guidance simultaneously. Due to the
unique structure of the SPTMFFSLMSM, heat dissipation is
challenging, which can lead to significant temperature rise
and negatively affect the motor’s operating characteristics. To
address the issue of severe temperature rise in the mover iron
core, a cooling system was designed to ensure normal motor
operation. First, a three-dimensional steady-state temperature
field mathematical model was established based on the motor’
s structure, and the boundary conditions were derived. Then,
the thermal parameters of various materials inside the motor
were determined, and the motor’s heat sources and losses
were analyzed, with the corresponding heat generation rates
calculated. Finally, the motor’ s temperature field was
analyzed using a three-dimensional finite element method
under both natural cooling and forced water cooling
conditions, and the temperature distributions of the two
cooling methods were compared. The results showed that the
water cooling system effectively reduced the temperature of the
mover iron core, verifying the effectiveness and feasibility of
the designed cooling system.

Key words: transverse magnetic field; flux switching; linear
magnetic suspension motor; steady-state temperature field;

cooling system
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Fig.1 Schematic structure of SPTMFFSLMSM
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Fig.2 Schematic diagram of local enlarged structure
of SPTMFFSLMSM
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Tab.1 Structural parameters of SPTMFFSLMSM

AHEL 6
FE T A/ mm 135
FEFYAHK B/ mm 75
E ¥ 3/ mm 60
EF R/ mm 24
B FHHE/mm 109.8
PRl KA/ mm 180
BT K E/ mm 57
5 B/ mm 72
BT 1/ mm 21
S BKE/mm 4
TKREARAC 98 5/ mm 27.5.81.6
HE AN/ Ha 50
il s 54 20 I %5 100
FHLAX S8 2H T 4 320
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Fig.3 Variation of magnetic flux path during an

electrical angle period
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Fig.4 Schematic diagram of the principle of
suspension force
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Fig.5 Schematic diagram of the principle of
guiding force
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Tab.2 Thermophysical properties of motor components
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Fig. 6 Full-load copper loss of SPTMFFSLMSM

PFe:Ph+Pc+Pe

Ph = K}fBlzn
P =KfB (7)
P-K B

X, P N REEIRAE P, IR A RE; P, A BN
PFE 1 f N2 PO BIREILITR s B, A 1E 5% 1 2%
(B K, WL A FE R B K, i T A FE R B K,
ol pIE R

5T Ansys Maxwell 14 317 07 &, 14 5
SPTMFFSLMSM {iff ZZARFEUNE] 7 FiR

B 7 SPTMFFSLMSM i##i%
Fig.7 Full-load iron loss of SPTMFFSLMSM

i P 7 Rl AL AR T oisf TR I , ke
16 17.905 4 W~20.772 4 W Z[al 5, FY1E K
19.263 3 W,
3.3 AEME

A PR B R BT P A B I RE, H TR
E W)

w
0=y (8)

A Q W IRFER PRI AR WO = A B it
FE 3V, IR,

WRAEA FROCOT ELAT R A RS R A A
AOPARER , 833 T A5 HY L LI 80 47 I 25 T A

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



HIPL SR, 55 51 4, 45 9 )
Electric Machines & Control Application, Vol. 51, No.9, 2024

85

PR RN 4 PR,
F4 BUSHEERR
Tab.4 Heat generation rate of motor

components Wem™

IR AR
il SEH 17 224
FAX S84 56 206
B 2 617.975
TR 7 962.282

4 BRUREREZARTHE

W 1SR 2 S R E i R R B K
FAERRRIRIFE, T ARG B, I
Workbench FRAFAE 4005 2% T80 T 0936 3 93 i
TG 0 T IR RE S5 A A BR T O L4 R ] 8 ~
K10 fis

8 WHITFRENS

Fig.8 Temperature distribution of the rotor at full load
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Fig.9 Temperature distribution of the winding at
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Fig. 10 Temperature distribution of the permanent
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Fig. 12 Dimension drawing of water cooling pipe
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Fig. 14 Temperature distribution of the winding at full
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The armature windings, excitation windings,
and permanent magnets of the six-phase transverse
magnetic  field flux
suspension motor ( SPTMFFSLMSM) are all located
on the primary mover. Due to the unique structure of

SPTMFFSLMSM, heat dissipation is challenging,

and the multi-phase structure leads to increased

switching linear magnetic

losses. Excessive temperatures can cause irreversible
demagnetization of permanent magnetic materials and
reduce the lifespan of the motor’s insulation, thereby
affecting the motor’ s performance. Therefore,
studying the motor’s losses, temperature rise, and
appropriate cooling methods is of great significance.
In this paper, based on the special structural

SPTMFFSLMSM,  the

temperature rise under different operating conditions

characteristics of  the

was studied, and a cooling system was designed to
ensure the motor’s normal operation. First, a three-
field

mathematical model of the motor was established

dimensional steady-state temperature

structure, and the boundary

Then, the

conductivity and convective heat transfer coefficients

according to its

conditions were derived. thermal

of various materials in the motor were examined, and

the motor’s heat sources and losses were analyzed

and calculated, resulting in the heat generation rates
of each component. Finally, a motor cooling system
was designed, as shown in Fig. 1. Finite element
simulations were conducted to analyze the motor’s
temperature field under natural cooling and forced

water cooling. The results are presented in Tab. 1.

Fig.1 Schematic diagram of water cooling device

Tab. 1,

significantly reduced the temperature of all motor

As shown in the cooling system
components. Notably, the highest temperature of the
windings decreased from 184. 94°C to 53. 95C,
confirming the rationality and effectiveness of the
cooling system in reducing the temperature rise of the
SPTMFFSLMSM.

Tab.1 Comparison of maximum temperatures of motor

components at full load C

Natural heat ~ Forced water ~ Temperature

Component name

dissipation cooling difference
Rotor core 184.96 53.53 131.43
Winding coil 184.94 53.95 130.99
Permanent magnet  183.07 51.49 131.58
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