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Abstract—In the paper, the numerical method calculating asymmetric primary slot leakage inductances of Single-sided 

High-Temperature Superconducting (HTS) Linear Induction Motor (HTS LIM) is presented. The mathematical and geometric models 

of three-dimensional nonlinear transient electromagnetic field are established and the boundary conditions are also given. The 

established model is solved by time-stepping Finite Element Method (FEM). Then, the three-phase asymmetric primary slot leakage 

inductances under different operation conditions are calculate by using the obtained electromagnetic field distribution. The influences of 

the special effects such as longitudinal end effects, transversal edge effects, etc. on the primary slot leakage inductance are investigated. 

The presented numerical method is validated by experiments carried out on a 3.5kW prototype with copper wires which has the same 

structures with the HTS LIM. 
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1. Introduction 

Due to the advantages such as direct thrust without depending on friction between wheels and rail tracks, small cross-sectional 

area, lack of gear box, and flexible line choice on account of the great climbing capability and small turning circle, LIMs have 

widely applied to the linear metro [1-3]. To make linear metro vehicles run safely and stably, LIMs applied to linear metro are 

designed with great air gap, 10mm-100mm. For Rotating Motors (RM), the air-gap is ranged from 0.35mm-1mm. the large air-gap 
leads to some limitations such as heavy energy consumption and low efficiency [4, 5]. Thus, the wide spread of LIMs is restricted 

in a long period of time. Since the advantages of direct thrust, small turning circle, and the small cross-sectional area are recognized, 

the linear metro is accepted to build in over 20 countries. However, the low efficiency of the LIM is always the key factor that 

limited the development of the linear metro. With the improvement of HTS technologies, it becomes feasible to apply HTS wires or 

bulks to electric machines and other apparatus. The machines, replacing the exciting windings or permanent magnets by using 

high-temperature superconductors or bulks show higher efficiency than traditional machines. Researchers in Japan developed HTS 

Linear Synchronous Motor (LSM), of which the field magnets are developed by current-carrying HTS windings [6]. Prof. J. Jin 

developed a double-sided HTS LSM used for magnetic suspension system, HTS bulks are fixed in the mover, whereas the field 

windings are constructed by using copper wires [7-10]. Compared with HTS LSM, HTS LIM has a low construction cost. To 

investigate the performance of HTS LIM, our team has constructed a HTS LIM with double-layer concentrated non-overlapping 

windings in 2009 [11, 12], of which the field windings are fabricated by HTS wires, fed on ac source. During experiment, the HTS 

LIM performed greater performers than LIM. Taking LIM used in Guangzhou subway line 4, the parameters are listed in Table 1. 
While the field windings are replaced by HTS wires, the gross loss can reduce about 17%. Taking account of the tunnels’ 

excavating cost, the gross cost of the HTS linear metro is almost equivalent to conventional metro. It can be seen that HTS LIM will 

be one of the best choices with the further improvement of HTS technologies. 

For the high current density of the HTS wire, the air-gap flux density of the HTS motor is larger than the saturation flux density 

of the iron core. HTS motor is designed with slotless core or the air core. The magnetic circuit is different from the traditional 

motors. Traditional Method (TM) calculating the primary armature inductance by magnetic circuit method becomes invalid. Even 

for the HTS motors with slotted iron core, the saturation will also affect the slot leakage inductance. Therefore, a new calculation 

method taking account in iron core structure, saturation effect, etc., is significant for HTS LIM analyses. The relations of flux 

linkage  to field current i can describe by (1). 

= pL i   (1) 

where, Lp is the primary winding inductance. 

Based on the electromagnetic theories, the flux linkage is divided into two parts: main flux linkage and leakage flux linkage. The 
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