51 Hell B ORE AR (A R R R D) Vol.51,No.6
2024 % 6 J Journal of Hunan University (Natural Sciences ) Jun.2024

X EHS:1674-2974(2024)06-0195-09 DOI: 10.16339/j.cnki.hdxbzkb.2024239

KRBk #4[E] 5 BB AL R S AR IR SR BRI gE AR L

BABE L GAL RGN 2 R AE L R 3, B 3 ek U R R !
(1. WHE R WU TR 5 150, i m VS 4111055
2. WrE Ak T B 2= B, 1R BRI 4120005
3. PAERRINE WL A BR A F] L i BRYI 412000)

i E A SEREAKERE T £ b T R B AR I A R 6 F
W p SER R RZE PP D e o O SR A & R0 B ) R o N S
T ILTG R RIS A IR A IR AR T R B S e 3R S AL A BRI 3 4 MY
o HLAE B i@ i Ansoft Maxwell F & 45 B 43 5 WG ZR 3 22 MR B8 T 0L F &3 4L
18, BB T BIFEMETRETHAR T O TR, SARBFT ELALE, KA R-E 45
BB TR E DR MG AE M T BRI T R AR AL 4
REW, RPASR R A LML BN T ARR L FRG, AT FHRMARELRERI, T
KRG A F AR A T AR L % WA LR AT EARE & F R AI T, AR Y HE S
B3t Ak 5T fe KRR 69 IR I AR s sk bR A OB R A i AT 4E Y 18 R AL
BB AR RE | B R AT M SRR AL, IF R R BT A 3 4 0 R BT AL AT B T IE
B, B RS E T BALR Z 2 A4 L IR S M 4K 121K, wALEAR B S A 3 A

3} 16.54%.
KR ARFER T WAL R B A5 A RALEHG R R E Y RiE
FESES . U264.5 XEkFR RS A

Simulation of Enhanced Heat Dissipation Performance of Large Permanent

Magnet Synchronous Motor with Internal and External Double Cycles
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Abstract: As for the problems of the difficulty of heat dissipation and uneven temperature distribution in the
rotor area of large—scale permanent magnet synchronous traction motors for high—speed trains, a novel cooling
structure is proposed, which involves adding axial rectangular air passages on the outer surface of the stator core of

the water—cooled motor housing, and forms an internal and external dual-cycle cooling structure in conjunction with
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the air gap and rotor lightweight holes. The purpose is to investigate the impact low of reducing the temperature rise
in the stator and winding areas and improving the uniformity of internal motor cooling. Firstly, simulations are
conducted using the Ansoft Maxwell platform to obtain the losses of various components in the dual-cycle cooling
structure under rated operating conditions. To better simulate the airflow in the air gap driven by the rotation of the
rotor, the air gap is treated in layers, and a fluid-structure coupled finite element analysis method is used to study
the airflow characteristics and temperature rise patterns inside the motor under both single and dual-cycle cooling
structures. The results indicate that the internal circulation air—cooling structure significantly increases the airflow
velocity inside the motor and markedly improves the average heat transfer coefficient on the surface. As a result,
more heat in the rotor area is transferred to the relatively lower temperature stator area and housing, while reducing
the heat transferred to the rotor, thereby reducing the temperature rise of the rotor and permanent magnets.
Furthermore, the orthogonal analysis method is used to optimize the structural parameters of the rectangular
ventilation holes, including the cross—sectional area, quantity, and aspect ratio. The temperature rise uniformity
coefficient is used to evaluate the temperature rise of the motor, and the optimal solution results in a 12.1 K reduction

in the maximum temperature rise when compared to the single—cycle cooling structure and a 16.54% improvement in

the overall temperature rise uniformity of the motor.

Key words: permanent magnet synchronous motor; fluid=structure coupling; enhanced heat dissipation ; fluid

field ; temperature field ; air duct
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Tab.1 Basic parameters of the motor
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Fig.1 Schematic diagram of motor structure
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Tab.2 Motor internal losses and heat generation rate
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Fig.2 Schematic diagram of air gap section
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Fig.3 Grid independence verification
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Fig.5 Experimental temperature rise measurement point diagram

F3 FEYIRIEEIEERT L

Tab.3 Comparison of experimental and simulated values
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Fig.6 Vector diagram of air velocity inside the motor
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Fig.7 Central section cloud image
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Fig.8 Vector diagram of air velocity inside the motor
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Fig.9 Temperature distribution of motor center section
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Fig.11 Comparison of air flow rates in different regions
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Tab.4 Design parameters of stator axial air duct
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