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Harmonic simulation analysis of traction power supply system based on train-network coupling system

LI Hong-qiang, WANG Xiao-ru, XU Jia-jun
(School of Electric Engineering, Southwest Jiaotong University, Chengdu 610031, China)

Abstract: Traction power supply system is an important load and one of main harmonic source of power system. Certain
simplification is made on traction power supply system modeling when sudying the harmonic transmission characteristc of traction
power supply system and the impact of traction power supply system harmonic in power system. Although simplified model has a
certain rationality, there will be some errors in the analysis results based on simplified model compared with the actual results.
According to the inaccuracy of traction power supply system model, the united model of electric locomotive and traction network and
powe system is built by PSCAD/EMTDC software. The characteristics of traction power system resonance and the total harmonic
distortion (THD) when the location and number of trains and the length of traction network change are studied. Simulation results
show that the united model can more accurately analyze the harmonic characteristics of traction power supply system, and the
analysis results are more realistic.
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Fig. 1 Structure of traction power supply system
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Fig. 4 SS4 electric locomotive main circuit
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Fig. 5 SS4 electric locomotive control schematics
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Fig. 6 Diagram of current flowing through the locomotive
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Table 1 Simulaiton results of harmonic current of SS4 electric

locomotive

b b b b b b

Vi T Y% Vi T Y% Vi T Y%
1 100 19 0.26 37 0.15
3 23.68 21 1.1 39 0.45
5 13.12 23 0.92 41 0.27
7 6.76 25 0.22 43 0.17
9 5.57 27 0.85 45 0.35
11 4.02 29 0.49 47 0.20
13 1.35 31 0.20 49 0.15
15 1.93 33 0.53 51 0.27
17 1.38 35 0.36 53 0.15
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Table 2 Typical statistics of SS4 electric locomotive
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Fig. 7 Diagram of system simulation model
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Table 3 System parameter values
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RS R 4
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Table 4 Case of steady state-voltage analysis
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Fig. 8 Contact voltage distribution with different
number of trains
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Fig. 9 Harmonic current amplification with different
train location
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Table 5 Total harmonic distortion with different train location

pijES W i 110kV 110kV
DI AC

B Y% HLIL/ Yo HLIL/ Yo ML/ %

0 2991 28.85 29.87 2.38
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15 25.15 263 2575 2.04

25 2332 24.65 2431 2.02

35 2138 23 23 227

40 215 2262 2267 222
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Fig. 10 Harmonic current amplification with different traction
network length
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Table 6 Total harmonic distortion with different traction

network length
A ﬁLf ﬁ%‘u‘& llf)kV 110kV
B/ % HLIL/ Yo /% ML /%
20 24.56 25.99 24.46 5.15
30 2291 23.87 23.36 3.09
40 21.5 22.62 22.67 2.22
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Fig. 11 Resonance of traction network with different
number trains
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Table 7 Total harmonic distortion with different number trains
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