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Fig. 1 Structural details of linear traction motor
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Fig. 2 Temperature field analysis process based on coupling of electromagnetic field and temperature field
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at a specific position
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Fig. 6 Equivalent thermal network model of the motor
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Temperature field analysis of linear traction motors based on equivalent
magnetic-thermal network coupling

ZHANG Guogqgiang, DU Jinhua
(State Key Laboratory of Electrical Insulation and Power Equipment, Xi'an Jiaotong University, Xi'an, Shaanxi 710049, China)

Abstract: In modern rail transit systems such as maglev trains, metros, and light rails, linear traction motors exhibit significant tech-
nical advantages over conventional rotary motors. Their core innovation lies in eliminating intermediate transmission components such as
gearboxes, thereby improving system efficiency, reducing mechanical losses, and lowering noise and vibration levels. However, during
practical operation, the temperature rise caused by internal losses in linear traction motors significantly affects material performance pa-
rameters, which in turn have a critical impact on the overall motor performance. To address the influence of temperature variations on mate-
rial properties and the coupling effect between electromagnetic field and temperature field, this paper proposes a bidirectionally coupled
equivalent magnetic-thermal network model for fast estimation of the motor temperature distribution. An equivalent magnetic network
model was constructed with precisely segmented air-gap permeance, while an equivalent thermal network model was established through
accurate calculation of heat conductivity and convection coefficients. Iterative algorithms were utilized to conduct coupled calculation of
electromagnetic and temperature fields and to predict nodal temperatures of the motor. A three-dimensional electromagnetic-thermal field
finite element analysis (FEA) model was further established. Feedback elements were arranged to realize bidirectional coupling, so as to
verify the accuracy of the proposed model. Numerical results from the equivalent magnetic-thermal network model and three-dimensional
FEA were compared systematically, and experimental measurements were adopted for further validation. The results show that the pro-
posed equivalent magnetic-thermal network model not only has high computational efficiency but also can accurately predict the tempera-
ture field distribution of the motor. The research in this paper provides an effective theoretical analysis tool for evaluating the thermal char-
acteristics of linear traction motors.

Keywords: linear traction motor; air-gap magnetic network; equivalent magnetic network model; equivalent thermal network

model; bidirectional coupling; FEA
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