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Abstract. The solution to the problems related to the analysis of operating modes 
in traction power supply systems (TPSS) requires the use of mathematical models of the 
system under study. The specific construction of the TPSS makes it impossible to use a 
number of approaches used in the development of models of three-phase power supply 
systems for stationary consumers of electricity in their modeling. The 1st part of the article 
analyzes modern requirements for mathematical model of traction networks used in solv-
ing the problem of remote fault locating (FL), as a result of which it was found out that the 
main requirement on which the FL accuracy depends is the goodness fit of the model used 
to analyze the measured emergency mode parameters. Based on the results of the exami-
nation of known approaches to modeling TPSS, a conclusion was made that compliance 
degree of existing models with the goodness fit requirement is insufficient. 
 Keywords: model adequacy; simulation; mathematical model of traction network; 
fault locating; steady state calculation; traction power supply system.  
 For citation: A.L. Kulikov, V.L. Osokin, D.A. Levakov,  of existing  
and proposed approaches to AC traction network modeling. Part  
Smart Electrical Engineering, no. 1, pp. 78-102, 2026. EDN VWKJYQ  
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 Fig. 1. Structural diagram of the remote FL of the catenary network  

by emergency mode parameters (EMP):  
,   current and voltage transformers;   system parameters values adopted 

during modeling;   calculated values of EMP; L   distance to fault location  
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 Fig. 2. Simplified equivalent circuit diagram of the traction network  

with a metallic short circuit 
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 Fig. 3. Equivalent circuit diagram of q parallel-connected conductors  
with mutual inductive coupling ( ) and inductively uncoupled 

 equivalent circuit diagram of the same circuit (b) 
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 Fig. 4. Equivalent circuit diagram of a double-track section of a traction network  
with mutual inductive coupling in explicit form (a), transformed circuit  

with inductively uncoupled catenary networks and taking into account the influence  
of the ground (b), inductively uncoupled equivalent circuit of network ( )  
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 Fig. 5. Schematic diagram of the power supply of an n-track section  

of a traction network with two-way power supply and a nodal connection  
of the catenary networks of parallel tracks during a SC on the section of the 1st track, be-

tween substation A and sectioning station 
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 Fig. 6. Inductively uncoupled equivalent circuit of an n-track section of a traction 
network during a SC through contact resistance in the 1st track catenary network  
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 Fig. 7. Simplified version of the inductively uncoupled equivalent circuit  
of the traction network: Z Z , Z  equivalent impedances 
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 Fig. 8. Example of a schematic diagram of a traction network section power supply 
conditionally divided into n segments of length Li 
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 Fig. 9. Example of a detailed and segmented circuit diagram of a single-track 

 traction network with double-way power supply 
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General view of the calculated EMP database structure 
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