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Table 1 Technical requirements for motor
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Fig.2 3D diagram of overall motor structure
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Table 2 Calculation results for short-circuit conditions
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Table 3 Physical characteristics of rotor sheet
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Fig. 8 Equivalent stress diagram of rotor sheet
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Fig. 9 Cloud map of deformation distribution for rotor
sheet
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Fig. 10 Cloud map of comprehensive stress and deformation
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Fig. 12 Cloud map of temperature distribution for motor under
rated conditions
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Table 5 Temperature rise under rated conditions
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Fig. 13 Prototype motor under test
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Table 6 Comparison between prototype test values and
simulation values
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I (R To) /K <100 81.3 76.7
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it /kg <2 400 2360 2357
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Design of a permanent magnet direct-drive traction motor for torpedo cars
PANG Cong"?, ZHANG Yan"?, NI Wei'?

(1. CRRC Yongji Electric Co., Ltd., Yongji, Shanxi 044502, China;
2. Shanxi Key Laboratory of Traction Motor for Rail Transit, Yongji, Shanxi 044502, China)

Abstract: To address the issues of low system efficiency and complex structure in traditional asynchronous systems for torpedo
cars in the metallurgical industry, this paper proposes a scheme using a direct-drive permanent magnet synchronous motor (D-PMSM)
that is fully enclosed and relies entirely on natural heat dissipation. Based on the technical requirements for China's first permanent mag-
net direct-drive torpedo car, a multi-physics electromagnetic-thermal-structural collaborative design method was adopted to address the
extreme condition constraints such as high temperature, strong vibration, and heavy-load impact. An eddy current confinement topology
for permanent magnets featuring axial segmentation and radial layering was studied, and a fully enclosed impact-resistant composite
structure adapted for natural heat dissipation was designed. Natural convection and radiation channels were constructed through integrat-
ed heat sink fins for base and end housing, and the forced air cooling device was eliminated. A prototype of a 21.7 kW permanent magnet
direct-drive synchronous traction motor was developed and experimentally validated. A 21.7 kW prototype D-PMSM was developed and
experimentally validated. Test results show that the efficiency of a fully enclosed permanent magnet traction motor using natural heat dis-
sipation reaches 94.6%, and that all performance metrics meet the operational requirements for torpedo cars. This paper provides a refer-
ence for the application of permanent magnet direct-drive technology in heavy-duty industrial transport equipment.

Keywords: heavy-duty industrial transport equipment; permanent magnet direct-drive; torpedo car; traction motor; natural heat

dissipation; FEA
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