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Dynamic Characteristics Analysis Considering the Effect of
the Vortexes of Flux in a LIM for Railway Propulsion System

o) T ojga . o) Fx

Chan-Bae Park - Byung-Song Lee - Ju Lee

Abstract In the case of a Linear Induction Motor (LIM), numerical analysis method like Finite Element Method
(FEM) has been mainly used to analyze the travelling magnetic field problem which includes the velocity-induced
electromotive force. If the problem including the velocity-induced electromotive force is analyzed by FEM using the
Galerkin method, the solution can be oscillated according to the Peclet Number, which is determined by conductivity,
permeability, moving velocity and size of mesh. Consequently, the accuracy of the solution can be low and the
vortexes of flux can be occurred at the secondary back-iron. These vortexes of the flux occurred at the secondary
back-iron does not exist physically, but it can be occurred in the analysis. In this case, the vortexes of the flux can
be generally removed by using Up-Wind method which is impossible to apply a conventional S/W tool (Maxwell 2D).
Therefore, in this paper, authors examined the vortexes of the flux occurred at the secondary back-iron of the LIM
according to variations of the Peclet Number, and analyzed whether these vortexes of the flux affect on the dynamic
force characteristics of the LIM or not.
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Fig. 1. Linear induction motor [7]
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Fig. 2. Numerical analysis model of a LIM

Table 1. Specifications of the analysis model

Item Specification

Continuous Rated Output Power 110 kW
Phase Input Voltage 337V
Rated Frequency 21 Hz

Rated Slip 0.2

Phase / Poles 3/8

Slots/Pole/Phase 4

Alr-gap 5 mm
Pole Pitch 252 mm

Al-Sheet Thickness 5 mm
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(b) Model 2 (Size of Elements = 5mm)

Fig. 3. Elements distributions of the LIM models for a numerical
analysis

Table 2. Peclet Number of the Numerical Analysis Model

Model 1 Model 2
Back-Iron Conductivity (o) 1%10° S/m
AL-plate Conductivity (ca) 3.1%10" S/m
Coil Current Density (J) 12 A/mm’
Moving Velocity (v,) 8.3 m/s
Size of Elements (h) 15 mm 5 mm
Peclet Number (7)) 626 209
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(b) Model 2 (Back-Iron Elements = 10398, Peclet Number = 209}

Fig. 4. Flux line distribution of the LIM models by variation of
Peclet Number of elements
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the LIM models by variation of Peclet Number of elements
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Table 3. Simulation results of the LIM model

Case 1 | Case 2 | Case 3 | Case 4
Model Model 1| Model 1} Model 2 | Model 2

Back-Iron Mesh 3,466 3,466 10,398 | 10,398

Peclet Number 626 626 209 209

Time step 0.00033 | 0.001 | 0.00033 | 0.001
Flux Linkage/Phase
1.067 1.070 1.069 1.072
[Whb]

Tangential force [N]| 7451 7,420 7,479 7452
Normal force [N] | - 6,104 | - 6,069 | - 6,162 | - 6,134
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