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Fig. 1 Energy consumption components in urban rail transit
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Fig. 4 Energy consumption variation with increasing running time
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Table 1 Design table of basic train parameters
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Table 3  Analysis of the orthogonal experiment

KE HE L B EE2. SRR 3. BT % K, K, X K, R
1 T1 (75s) M1 (220t) S1 (fHHHHE) a1 TR 15.34 11.08 8.97 7.65 7.69
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Table 2 Design table of influencing factors on train traction
energy consumption

WIS BIreE FIELR BIRE B1TRERE (kW-h)
1 TI(1) Mi(1) S1(1) 14.18
2 TI(1) M2(2) S2(2) 11.51
3 TI(1) M3(3) S1(3) 17.69
4 TI(1) M4(4) S2(4) 17.99
5 T2(2) MI1(1) S2(2) 7.02
6 T2(2) M2(2) S1(1) 12.92
7 T2(2) M3(3) S2(4) 9.06
8 T2(2) M4(4) S1(3) 15.34
9 T3(3) Mi(1) S1(3) 10.51
10 T3(3) M2(2) S2(4) 5.88
11 T3(3) M3(3) S1(1) 12.15
12 T3(3) M4(4) S2(2) 7.36
13 T4(4) Mi(1) S2(4) 4.09
14 TA(4) M2(2) S1(3) 9.95
15 TA(4) M3(3) S2(2) 4.99
16 TA(4) M4(4) S1(1) 11.56
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Fig. 8 Relationship between running time and net traction
energy consumption in sections
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Table 4 Comparison of net energy consumption before and after running time allocation at speed level II
-~ AR R
0 0.2 0.4 0.6 0.8 1
SrECATRERE/ (KW-h) 224.9 195.8 169.1 142.5 115.8 89.2
SELEREFE/ (KW-h) 213.0 186.8 162.2 137.6 113.0 88.0
R[S 5.3% 4.6% 4.1% 3.4% 2.4% 1.3%

5 PUELFH IR TINRN M E S RERERS LR

Table 5 Comparison of net energy consumption before and after running time allocation at speed level 111

e FLEFI
0 0.2 0.4 0.6 0.8 1
SYBCHTRERE/ (KW h) 187.6 164.8 143.9 123.1 102.2 81.4
SrCfEBERE/ (KW-h) 184.4 162.8 142.4 121.9 101.3 80.8
RELi RS 1.7% 1.2% 1.0% 1.0% 0.9% 0.7%
6 HEERIUIATTHF RSB IS EREFEXS L
Table 6 Comparison of net energy consumption before and after running time allocation at speed level IV
-~ AR
0 0.2 0.4 0.6 0.8 1
SYBCATRERE/ (KW-h) 163.6 144.9 127.4 109.9 92.4 74.9
SrBCSE REFE/ (KW-h) 161.9 143.8 126.5 109.1 91.8 743
WRER 1.0% 0.8% 0.8% 0.7% 0.6% 0.8%
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Quantitative analysis of key influencing factors on traction energy
consumption of urban rail trains
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Abstract: This study addresses the lack of a unified quantitative framework for analyzing the multi-factor coupled mechanisms un-
derlying traction energy consumption in urban rail transit systems, and aims to elucidate the dominant and marginal effects of running
time, train mass, and train control strategy from two perspectives: dynamical mechanisms and running time allocation. A model was first
formulated to reflect longitudinal train dynamics and energy flow, and control variable simulations were conducted to characterize how
sectional energy consumption responds to key parameters. A three-factor mixed-level orthogonal design was then employed to quantify
the relative contributions of each influencing factor. Building on the Pareto relationship between sectional energy consumption and run-
ning time, a marginal benefit optimization model for line-wide running time allocation was further developed to evaluate energy-saving
potential under varying renewable energy utilization rates. Results show that running time exerts a markedly greater influence on traction
energy consumption than train control strategy and train mass, and that a coasting strategy consistently outperforms a constant-speed
strategy. Running time reallocation based on section-specific energy sensitivities yields significant reductions in net energy consumption,
thus maximizing the energy-saving rate under low renewable energy utilization rates. These findings reveal the structural dependence of
traction energy consumption on running time allocation and train control strategy, and demonstrate the effectiveness of resource alloca-
tion optimization based on marginal energy consumption response, providing theoretical support for energy consumption regulation and
timetable optimization in urban rail transit systems.

Keywords: urban rail transit; traction energy consumption; running time; coasting strategy; orthogonal design; energy-saving

optimization; simulation
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