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Abstract. This article presents the development of computer models for identify-
ing open-phase conditions in high-voltage traction networks. The models, created using 
multiphase modeling algorithms in the Fazonord AC-DC environment, facilitated an anal-
ysis of power quality (PQ) on 0.4 kV of substations buses supplying critical signaling and 
automation systems. A key advantage of the proposed models is their accurate incorpora-
tion of system-specific factors, including its mixed three-phase/single-phase configuration 
and the pronounced electromagnetic impact of the traction network. Furthermore, the mod-
els uniquely capture the dynamic variation of PQ indicators driven by fluctuating traction 
loads. Simulation results for scenarios involving 110 kV phase failures and the mode of 
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using the earth as a return wire are presented. The study demonstrates the effectiveness of 
controlled reactive power sources and active filters in improving PQ parameters related to 
voltage deviation, unbalance, and harmonics. These models are intended for practical ap-
plication in devising strategies to ensure PQ for specially categorized loads requiring un-
interrupted power. The approach is universal, applicable to both conventional and prospec-
tive traction power systems. 
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. 1. 
Fig. 1. Electrical power supply system diagram

Fig. 2. Location of current-carrying parts:a 110 kV power transmission lines; b contact network
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 Fig. 3. Comparison of the effective voltage of phase A  
on the 0.4 kV side of the complete transformer substations for signaling,  

centralization and automatic blocking (a) and the complete transformer substations 
-  (b): 1  initial; 2  initial taking into account the IRM; 

3  phase break; 4  phase break taking into account the IRM; 5  phase loss; 
6  phase loss taking into account the IRM  

-  
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 Fig. 4. Voltage harmonic coefficient of phase A on the 0.4 kV side of the complete 

transformer substations for signaling, centralization and automatic blocking (a, ) 
and the two wires-rail  (b, ): a, b  without taking into account the harmonic distortion factor;  

,   with taking into account the harmonic distortion factor 
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 Fig. 5. Voltage unbalance coefficient for negative sequence on the 0.4 kV side  
of the complete transformer substations for signaling, centralization and automatic  

blocking (a, ) and the co two wires-rail  (b, ): a, b  without taking into account the IRM; c, d  taking into account the IRM  
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