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Fig.1 Schematic diagram of traction cable co-phase
connected power supply system
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Fig.2 CTN equivalent circuit
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Fig.3 Analysis of CTN equivalent circuit
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Fig.4 Single-vehicle equivalent model of traction cable

co-phase connected power supply system
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Fig.5 Multi-vehicle equivalent model of traction cable
co-phase connected power supply system
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Fig.7 Schematic diagram of transformation scheme of

traction power supply system of a heavy-haul line
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Power supply scheme of traction cable co-phase connected power supply system for
heavy-haul railway powered by AT
ZHANG Heng',WANG Hui',LI Qunzhan',XIA Mengyi’,ZHANG Yu',SU Peng'
(1. School of Electrical Engineering,Southwest Jiaotong University,Chengdu 611756, China;

2. Electrification Department,China Railway First Survey and Design Institute Group Co.,Ltd.,Xi’an 710043, China)
Abstract: Aiming at heavy-haul railways powered by AT (AutoTransformer),in order to further improve its
capacity and the utilization rate of regenerative braking energy,a power supply scheme of heavy-haul railway
traction cable co-phase connected power supply system powered by AT is proposed. Firstly, the proposed
power supply scheme is introduced. Secondly,the power supply ability of the power supply system is studied,
the equivalent model of the power supply system is established,the current distribution of the power supply
system is analyzed, the equivalent impedance of traction network is calculated,and the mathematical model
of power supply ability is deduced according to its voltage distribution relationship, which provides basis
for the preliminary design of the scheme. Then, taking the transformation design of an actual heavy-haul
line as a case,the power supply ability and energy consumption of the existing scheme and the proposed
scheme are simulated and verified. Finally, the transformation cost and operation economy are analyzed.
The analysis results show that the proposed scheme can extend the power supply distance,reduce the energy
consumption of traction power supply system,improve the utilization rate of regenerative braking energy,and
save external power resources,having good economic benefit.

Key words: heavy-haul railway; AT power supply; traction cable co-phase connected power supply; power

supply ability ;regenerative braking energy;economic analysis
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Regulation principle of power flow gradient to multiple characteristic
independent variables in UPFC embedded power system

LIU Jinlian',XU Zheng', YANG Jian',ZHANG Zheren',SONG Pengcheng’
(1. College of Electrical Engineering,Zhejiang University, Hangzhou 310027, China;

2. National Power Dispatching and Control Center,State Grid Corporation of China,Beijing 100032, China)
Abstract:The power flow gradient or regulation efficiency of UPFC(Unified Power Flow Controller) embedded
power system are mainly dominated by the amplitude and phase angle of OSIV(Output Series Inserted Vol-
tage) of UPFC and the phase difference of system. The above three variables are chosen as CIVs(Charac-
teristic Independent Variables) for power flow regulation, and with the actual circuit of UPFC embedded
double-end power system as background,the mathematical models of active and reactive power flow gradient
for each CIV at different critical points are deduced. Based on the regulation freedom degree and efficiency
of system power flow,the regulation characteristics of power flow gradients are analyzed theoretically. A variety
of typical system operation conditions are set up,and two types of power flow regulation modes are designed
through two types of incremental combinations of OSIV amplitude and phase angle,and several typical regu-
lation scenarios for the phase difference of system are also designed. Finally,the case test and analysis are
performed regarding the characteristics of power flow gradients to each CIV at system ecritical points, and
the summarized conclusions are beneficial to coordinate the power flow regulation efficiency and the require-
ments of system protection and stability comprehensively, making the operation of power grid efficient and
stable.

Key words:unified power flow controller;output series inserted voltage;power flow gradient;characteristic in-

dependent variables;ecritical points;system operation conditions
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Table A1l  Simulation conditions of energy consumption of existing scheme and reconstruction scheme
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Fig.A2 Uplink minimum network pressure of existing scheme and transformation scheme
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Fig.A3 Downlink minimum network pressure of existing scheme and transformation scheme
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Table A2 Daily electricity consumption statistics under existing scheme

Fe's e 24 ] FH L/ (KW h)
1 A 1.121x10°
2 A 5.350x10°
3 As 1.176x10°
4 Ay 4.970x10°
5 As 1.500x10°
6 As 5.860x10°
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Table A3  Daily electricity consumption statistics under transformation scheme

5 PLrg 2 ) JH EL R (KW h)
1 Az 1.570x10°
2 As 2.991x10°
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Table A4  Annual electricity consumption statistics under existing scheme

BEHL AT AT L/ (KW h) RAI(KW h)
A 4.091x10°
Az 1.951x108
As 4.293x10°
1.976x10°
Ay 1.813x10°
As 5.475x10°
As 2.139x10°
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Table A5  Annual electricity consumption statistics under transformation scheme

LA A HI H R/ (KW ) A (KW h)

A 5.730x10°
1.665x10°
As 1.092x10°
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Table B1 Electricity rates of each segment under existing scheme

HEHEAF FH WA Hilt
A 1.840x108
A 9.800x10"
As 2.650x10°
1.046x10°
Ay 1.170x108
As 2.750%10°
As 1.070x108

FB2 MEARZMERXERERSRE

Table B2 Electricity rates of each segment under transformation scheme

LA FHHNoT #“itot

Az 2.870x10°
8.350x10°
As 5.480x10°
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