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Fig. 2 Operation route map of a real metro system
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Table 1 Train information

SR H ZHUE L]
il 3MIT
G HE/ 167.88
e MRV 1500
R SRV 1 800
HBh )W 140
L /(km-h™) 120

®2 FREGRER

Table 2 Main transformer information

g CEER MR ME% SVGRRR
MVA EETR ERMEZS r/Mvar
MTI1 40 +8/-8 1.25% 3.6
MT2 40 +8/-8 1.25% 3.6
MT3 40 +8/-8 1.25% 3.6
MT4 40 +8/-8 1.25% 3.6
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Fig. 3 Iteration process of day-ahead optimization solution
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Fig. 5 OLTC position regulation of main transformer
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Table 3 Full-day total energy consumption of power
supply system and maximum rail potential

BT % W /(kW-h) Upio/V
Reference: ik 145 871.09 102.63
Casel: {XHHIHAL 139 489.91 95.81
Case2: HHI5 H ML 138 609.11 93.74
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ation scheduling optimization of electric-hydrogen coupling

Research on multi-timescale operation optimization and control of power
supply system in urban rail transit

ZHANG Ye', LI Kunpeng', ZHOU Dan', LI Jiansheng', ZHANG Changkai’, WU Jiayi’

(1. Guangzhou Metro Design & Research Institute Co., Ltd., Guangzhou, Guangdong 510420, China;
2. NR Electric Co., Ltd., Nanjing, Jiangsu 211102, China;
3. School of Electrical Engineering, Southwest Jiaotong University, Chengdu, Sichuan 611756, China)

Abstract: With the rapid development of urban rail transit, reducing energy consumption and improving operational efficiency for
traction power supply systems have become increasingly important. Conventional reactive power optimization methods, mainly relying
on transformers with on-load tap changers (OLTC) and capacitors for reactive power compensation, struggle to adapt to dynamic load
changes across multiple timescales. This paper proposes a multi-timescale operation optimization and control framework that coordinates
the main transformer with OLTC and the static var generator (SVG) in the traction power supply systems. The optimization model con-
sists of two stages—day-ahead and intra-day—to coordinately optimize total traction energy consumption and rail potential, thereby en-
hancing energy efficiency and operational stability. In the day-ahead stage, a multi-objective optimization model based on full-day train
schedules determines tap positions for the main transformer and initial SVG reactive power compensation settings. In the intra-day stage,
real-time SVG compensation is optimized, relying on train loads on a short timescale, to dynamically adapt to load changes. The pro-
posed optimization solution meets all constraints: the daily number of OLTC operations for the main transformer remains below pre-
scribed limits, and operational indicators comply with the engineering standards, such as traction network voltage, system power factor,
and SVG reactive power compensation range. Simulations based on real metro lines show that the proposed approach significantly reduc-
es total traction energy consumption while ensuring rail potential safety, verifying the model's effectiveness and applicability.

Keywords: urban rail transit; power supply system; multi-timescale; on-load tap changer; static var generator
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